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Education and Outreach, Ethics and Public Policy, History of Stem Cell Research, Society Issues
W-1001

#STEMCELLRESEARCH: THE ETHICAL CHALLENGES AND POLICY-MAKING OPPORTUNITIES PRESENTED BY THE USE OF
SOCIAL MEDIA IN STEM CELL RESEARCH

Beth E. Roxland?, Paul Knoepﬂer2

1center for Bioethics at Hofstra University, New York, NY, United States, 2Univ of California, Davis Sch of Medicine, Sacramento,
CA, United States

Since the original derivation of human embryonic stem cells in 1998, much publicity has surrounded the field of stem cell
research. In recent years, social media and Internet fora, such as Twitter, Facebook, blogs and patient advocacy and empower-
ment websites, have played increasingly powerful roles in shaping public perceptions of stem cell research. The unfettered
use of the Internet can play both positive and negative roles, however.

Accurate reporting of important discoveries and advances can influence the public’s willingness to support stem cell research,
to participate in stem cell clinical trials or to be treated with stem cell-based therapies. Effective use of social media may also
influence political leaders and legislative efforts, affecting the amount of funding for government-sponsored research as well
as the stringency of governmental oversight of research and translational therapies. Professional societies, clinicians and indi-
vidual researchers also can employ social media as part of their outreach and educational initiatives, which will likely increase
in prominence as mainstream media outlets cut funding for dedicated science reporting.

The impact of social media in the stem cell field also may have negative effects. One example is the emerging trend of for-
profit stem cell clinics and doctors recruiting patients on the Internet through social media - a forum that often eludes reg-
ulators and watchdog groups - by using unsubstantiated claims of efficacy and safety of stem cell products. Similarly, social
media may be used to promote stem cell tourism - where patients will travel to other jurisdictions (foreign, or even domestic)
that have more lenient laws and oversight of stem cell therapies - for interventions that may be ineffective at best, harmful
at worst. Finally, patients (or, people posing as patients) also use social media to advocate in favor of specific for-profit clinics
and challenge regulatory oversight.

People suffering from illness, who may be in a particularly vulnerable situation, often turn to the internet to educate them-
selves about their medical condition and available treatment therapies. Relying on social media rather than trained, unbiased,
and regulated sources for information is a dangerous proposition, however. In addition to intentional deception by those who
may financially profit from certain research or therapeutic endeavors, some well-meaning people who attempt to educate
others via social media on an ad hoc basis may unintentionally spread misconceptions about stem cells. Further, patients of-
ten attempt directly to engage stem cell researchers or clinicians through social media, leaving the trained experts uncertain
of how - or even whether - to respond.

The rapidly-evolving use of social media in the stem cell field presents ethical and legal issues that the field cannot afford
to ignore. In this presentation, we discuss the moral and policy challenges presented by the use of social media as stem cell
research moves from bench to bedside. We also discuss ways in which governmental entities, stem cell researchers and clini-
cians, and professional societies may use social media as a tool to enhance public education of the state of stem cell research,
and temper the hype that has surrounded this research for well over a decade. Finally, we suggest a framework to guide the
use of social media by those in the field of stem cell research.

W-1002

ETHICAL CONTROVERSY, GRADUATE EDUCATION AND THE DEVELOPMENT OF SCIENTIFIC CAREERS

Ruchir N. Karmalil, Matthew D. Pjechal, Aaron D. Levine?

ASchool of Public Policy, Bschool of Public Policy, Institute of Bioengineering & Bioscience, 1Georgia Tech, Atlanta, GA, United
States

Scientific advances in diverse fields ranging from stem cell research to nanotechnology pose challenging ethical questions.
At the same time efforts to strengthen and broaden the U.S. workforce in science, technology, engineering and mathematics
are crucial to the long-term competitiveness of the national economy. This research examines the nexus of these two trends,
assessing the extent to which and the manner by which ethical controversy affects the training of graduate students and their



transition to the scientific workforce. Insights into both the challenges and the benefits of training in an ethically
contentious field are gathered through interviews with early career scientists in both stem cell science and bio-nan-
otechology. Participants in these wide-ranging interviews were asked to reflect on the ethics of their own research,
their sense of the public perceptions of their research and the various impacts of working in areas that raised eth-
ical concerns, for at least some people, on their research. Preliminary thematic analysis of interview transcripts
revealed mismatches between scientists’ perceptions of the ethics of their work and their beliefs about public per-
ceptions. In particular, in the context of stem cell science, scientists expressed worries about animal research or
human biopsies (e.g. for induced pluripotent stem cell derivation) at about the same rate as they expressed con-
cerns about the use of embryos in research, while discussion of public perceptions of the field focused on concerns
about human embryos. Scientists in contentious fields reported a range of funding challenges, some of which they
attributed to ethical controversy and the resulting policy environment surrounding their field, rather than broader
funding trends. Scientists also reported changing research topics or avoiding certain topics altogether due to policy
concerns and frequently noted that scientists working in ethically contentious fields must navigate a complex bur-
eaucracy to complete their work. Scientists also noted what they perceived as greater need to engage in public
outreach in ethically contentious fields. The research concludes by drawing on this improved understanding of the
experience of scientists in fields that raise ethical controversy to suggest strategies to strengthen graduate educa-
tion in stem cell science and similar fields.

W-1003

WHAT IS THE ROLE OF REDUCED FEES IN PERSUADING IVF PATIENTS TO VOLUNTEER TO PROVIDE EGGS FOR SCNT
RESEARCH?

Erica Haimes
Policy, Ethics and Life Sciences Research Centre, Newcastle University, Newcastle Upon Tyne, United Kingdom

This paper reports selected findings from a UK study investigating

the question: ‘Does volunteering for the ‘Newcastle egg sharing for research scheme’,
in which IVF patients pay reduced fees when providing 50% of their fresh eggs

to research, entail any social and ethical costs?’. This study fills a gap in

knowledge, as there have been no previous systematic investigations of women'’s experiences
of volunteering to provide eggs for research under such circumstances. The focus in this presentation is on women’s
views

of the role of the reduced fees in persuading them to volunteer in the first

place. This was an interview-based, interpretivist study,

designed to gain understanding of the volunteers’ reasoning and experiences. The
main findings indicate that the interviewees’ goal is to have a baby; they

volunteered to provide eggs to research to gain access to cheaper treatment, in

a context where private IVF fees are high and there is insufficient state

funding. However, the decision to volunteer was not easy, since interviewees

had to juggle a wide range of uncertainties about the consequent gains and

losses, when already experiencing the uncertain world of the ‘IVF

rollercoaster’. Overall, interviewees welcomed the ‘egg sharing’ scheme, but were
not volunteering entirely under circumstances of their own choosing. For

example, they would prefer not to provide fresh eggs whilst going through treatment
and decided not to do so, under certain circumstances. They also resisted the
opportunity to provide eggs for the treatment of other couples, even though they
would have paid even lower fees by so doing. Therefore, although important, reduced
fees do not act as an undue inducement, persuading volunteers to act against

their own interests.

W-1004



COLLABORATION IN STEM CELL RESEARCH: A PHILOSOPHICAL ACCOUNT

Melinda B. Fagan
Philosophy, Rice Univ, Houston, TX, United States

| present results of a philosophical study of stem cell research. The goal of the study was to articulate conceptual is-
sues related to evidence, experiment, and explanation. Methods used are those of philosophy: conceptual analysis,
reflection on past and contemporary cases, and logical argument. The full argument for a philosophical audience
appears in a new book: Philosophy of Stem Cell Biology, Palgrave Macmillan (Jan 2013). The present study differs
from the book in focus and presentation, extending the results for an audience of stem cell scientists. Here, my
overall claim is that collaboration among stem cell researchers is more fundamental, and more complex, than has
been explicitly recognized. | support this claim with specific case studies and arguments.

First, collaboration among laboratories using different methods is necessary to support any general claims about
stem cells. This follows from the general definition of a stem cell as a cell that is capable of both self-renewal and
differentiation. When precisely expressed as an abstract model, this stem cell concept is shown to depend on sev-
eral parameters, differently specified by different experimental methods: a cell lineage L, time interval n, and set
of variable cell characters C. To apply to biological phenomena, the key parameters must be specified. Different
values of these variables correspond to different entities that can be identified as ‘stem cells.” This accounts for the
diversity of entities referred to as ‘stem cells.” Another consequence is that claims about stem cells must be under-
stood in terms of experimental methods used to identify them. The question then arises: how do these disparate
results fit together to yield a satisfying explanation? Explanatory generalizations about stem cells, and clinical ap-
plications based thereon, require collaboration across experimental contexts.

This collaborative view of stem cell research has several important implications. One is that the distinction between
‘adult’ and ‘embryonic’ stem cell research is revealed as pernicious. Case studies of mHSC, hESC, and teratocar-
cinoma/EC research indicate that field as a whole progresses by multiplying models and constructing a network of
comparisons among them. Though hESC research plays a pivotal role in this research network, general knowledge
emerges from ‘traffic’ across models and new combinations of techniques. The next step forward is to unify the two
main branches of stem cell biology, expanding the network of comparisons and generality of results. The ‘adult/
embryonic’ dualism impedes this progress. Another consequence of my view is that Systems Biology (specifically,
mathematical models of gene regulatory networks) has a key role to play in explanations of stem cell phenomena,
as do simple abstract models like Waddington’s epigenetic landscape. Thirdly, the network of stem cell models and
methods is structured and unified by clinical goals, which thereby influence emerging explanations. This unifying,
guiding role is analogous to fundamental theory in physics. This suggests a general standard for responsible transla-
tional research, that would be accessible to non-experts. So these philosophical arguments, though abstract, have
important implications for organization of stem cell research and progress toward clinical translation.

W-1005
POLICY UNCERTAINTY, RESEARCH FUNDING AND THE CONDUCT OF STEM CELL SCIENCE

Aaron D. Levine
School of Public Policy, Institute of Bioengineering & Bioscience, Georgia Tech, Atlanta, GA, United States

Emerging technologies, such as stem cell research and nanotechnology, offer substantial promise to improve our
quality of life. Yet, at the same time, many emerging technologies raise challenging ethical questions. As a result
of these and other tensions, the outcomes of policy debates surrounding emerging technologies often vary both
across jurisdictions and time, yielding a heterogeneous and uncertain policy environment. In this project, | consider
policy uncertainty surrounding pluripotent stem cell research and assess its impact on scientists in this promising
but controversial field. Drawing on data from a recent survey of stem cell scientists in the United States, | argue that
policy uncertainty surrounding federal funding policies for human embryonic stem cell research has negatively im-
pacted the development of the broader field of stem cell science, affecting not just scientists working with human
embryonic stem cells, but also those working with less controversial types of stem cells. My analysis also illustrates
the importance of state policy in this field. In particular, scientists in states that have provided funding for stem



cell research, including research using human embryonic stem cells, are substantially less likely than scientists in
states without such funding to report impacts of policy uncertainty. This effect is present for the full sample of stem
cell scientists, including both scientists working with human embryonic stem cells and other less contentious cell
types, but is strongest for scientists working with human embryonic stem cells. State policies that legalize or oth-
erwise support stem cell research, but do not provide funding have no discernible effect. Together results highlight
the negative consequences of the policy uncertainly on the development of stem cell research and emphasize the
importance of developing and maintaining stable funding structures in ethically contentious areas of biomedical
research.

W-1007
SELF REGULATION OF AUTOLOGOUS CELL THERAPIES: A MODEL

Bernard E. Tuch, Heather Main, Dominic Wall
NSW Stem Cell Network, Sydney, Australia

Autologous cell therapies are being practised by an increasing number of clinicians internationally -
for the treatment of a variety of disorders. This includes rheumatological conditions where the
sources of cells are the vascular stromal fraction obtained from lipoaspirates during liposuction, and
platelet rich plasma obtained from peripheral blood. In Australia, oversight of these procedures by the
regulatory body, the Therapeutic Goods Administration (TGA), is not required. This is because the
current regulations contains a broad exemption permitting clinicians to treat their patients with
autologous cells without restrictions on the extent of manipulation or whether the cells are used in a
homologous manner.

Despite this lack of oversight, a number of companies carrying out autologous cell therapies have
become concerned about the lack of checks and balances. End users also have their welfare to be
considered. To address these concerns, the NSW Stem Cell Network held a Workshop entitled

Cellular Therapies for Repair of Musculoskeletal Injuries in Sydney during October 2012. Four key
companies practising autologous therapies for rheumatological conditions presented their data, as did
Mesoblast, which is conducting clinical trials using allogeneic cells. A representative of the TGA spoke
about the regulatory requirements, and appropriate cell manufacturing requirements were addressed
by a representative of the International Society for Cellular Therapy (ISCT).

Out of the workshop came a desire for the establishment of a Steering Committee to discuss self
regulation by the companies practising autologous therapies. Three teleconferences have occurred
between then and the date this abstract was written in February 2013, chaired by the Director of the
NSW Stem Cell Network and involving the ISCT local representative. Issues raised and agreed to

have been (a) the need for the development of evidence based medicine; (b) ensuring fully informed
consent is obtained; (c) manufacturing the autologous product to be injected into the patient using
internationally accepted standards, such as those produced by the Foundation for the Accreditation of
Cellular Therapy; (d) following the advertising standards set by the Australian Health Practitioner
Regulation Agency.

To cement these agreed-to standards into practice, it has now been decided by the members of the
Steering Committee to create a written Code of Conduct. It is anticipated that this Code of Conduct
will include the mechanisms of implementing the necessary checks and balances to provide guidance
to its users, as well as independently monitoring the practices being followed. The input of
consumers also will be needed.

Whilst there is much work to be done in the creation and implementation of the Code of Conduct, it
represents a step in the necessary direction to ensure high standards of health care are maintained in
a field with a low level of government regulation. Self regulation is possible in this industry, just as it is
practised in many others, for example, Medicines Australia to some extent regulates how
pharmaceutical companies operate in our country.



Cancer Cells
W-1011
ADAM10 AND ADAM17 INCREASE MIGRATION OF GLIOBLASTOMA STEM PROGENITOR CELLS

Elodie J. Siney, Gareth J. Thomas, Sandrine Willaime-Morawek
Faculty of Medicine, University of Southampton, Southampton, United Kingdom

Glioblastoma (GBM) is the most aggressive form of malignant brain tumour, with a mean survival of just over one
year. High recurrence rates after surgical resection and ineffectiveness of chemotherapy have suggested a role for
brain tumour stem cells (BTSCs) in producing resistance to therapy. To improve this poor prognosis there is a need
to develop new adjuvant therapies to slow disease progression, specifically reducing the invasion of neoplastic cells
into healthy brain tissue. Due to their role in tissue remodelling, members of A Disintegrin And Metalloproteinase
(ADAM) family have been implicated in the etiology of solid tumours including breast, colon and glioma, where
reports of overexpression of ADAM10 and 17 have prompted further investigation into the role of the proteins in
glioma biology, tumourigenicity and invasion. We previously showed that ADAM10 and 17 are overexpressed in
glioblastoma and promote BTSCs stemness properties by supporting their self-renewal. We now examine the ef-
fect of ADAM inhibition on GBM stem/progenitor cell migration and differentiation in vitro. Here we report that
inhibition of ADAM10 and 17 increases glioma cell migration towards a mix of growth factors, including epidermal
growth factor and basic fibroblastic growth factor. Migrated BTSCs exhibited decreased stem cell/progenitor mark-
ers (Nestin and CD133), but increased neuronal lineage marker (beta-lll-tubulin) expression compared to non-mi-
grated cells suggesting that migrated cells are more differentiated.

Using a 3D in vitro model, we also showed that ADAM10 and 17 inhibition promotes migration of cells out of the tu-
mourspheres. Surprisingly, in this model, the migrated cells seems less differentiated, showing an increase of nestin
expression and a decrease of beta-llI-tubulin expression, compared to cells closer to the centre of the spheres.
These results suggest a role for ADAMs in maintaining a BTSC phenotype and give insight into possible therapies
that target the invading GBM cells.

W-1012

SIGNALS OF CD44/HYALURONAN PROMOTES HEPATOCELLULAR CARCINOMA STEM CELL PROLIFERATION AND
PRODUCTION OF ALPHA FETOPROTEIN IN VITRO

Hsiao-Nan Haol, Qingbao Wangz, Jean Peduzzil, Peter Haol, Degqi Xiang3

1Wayne State University, Detroit, Ml, United States, Zsurgery, Taian medical college, Taian, Shandong, China, 3Xia-
men Neocell Biotech, Xieman, China

Introduction: Cancer stem cells (CSC) have recently been proposed to be cancer initiating cells responsible for tu-
morigenesis and contributing to cancer resistance. CSCs have been considered to be a cardinal cellular target for
cancer chemotherapy because a single CSC plays a critical role in generating malignant tumors under certain cir-
cumstances. CSCs share many of cell biological characteristics with non-cancer stem cells such as self-renewal and
proliferation as well as differentiation. Hepatocellular carcinoma is a solid common malignant tumor arising from
the hepatocytes in liver tissue. Many reported results have shown that hepatoblastoma stained heterogeneously.
However, among the cancer tissue cell isolates, a small population of cells interacts positively with stem cell makers
such as CD34 and CD44. Those cells were also strongly stained with a-fetoprotein. The CD44/hyaluronan molecules
on the surface of CSC have been found to play important roles on tumor initiation, proliferation, metastasis as well
as tumor invasion induced inflammation. In this study, we have characterized the expression of the CD44/hyalur-
onan on the isolate liver cancer cells. Enriched CD44/hyaluronan expressed on and in the surface membrane and
cytosol specifically in vitro. The results of this study also demonstrate that the a-fetoprotein production of CSC
highly associate with CD44 expression. Lower levels of CD44/hyaluronan is unlikely to up-regulate the CSC to ex-
press a-fetoprotein, whereas, high levels of CD44/hyaluronan affects a-fetoprotein strongly. Data from in vitro stud-
ies have shown that enhancement of CD44 on the surface occurs only in the cells with CD34/CD44 dual expression.



This experimental result provides a new methodology to identify and isolate CSC from hepatoblastoma surgical
specimens. However, the mechanism of CD44 to regulate alpha fetoprotein expression in the population of CSC-like
cells needs further studies.

Experimental Results: This study focused on a methodology to identify and isolate CSC from of hepatoblastoma
surgical specimens. Viable cells of hepatoblastoma were incubated with specified MEM culture medium. CD34,
CD44, hyaluronan, keratin AE1/AE3, CAM5, CK7, CEA and alpha fetoprotein were analyzed using immunocytochem-
ical and laser scanning microscope. The percentage of CSC was estimated. Overall, about 5% to 8% cells (from 22
clinical specimens) were defined to be CSC according to the stem cell specific makers. The gene expression profile
of CSC was also analyzed use cDNA microarray representing 11000 mRNAs. Membrane and cytosolic protein were
analyzed use western blotting and flow cytometer. Endosomal CD44 and hyaluronan were also estimated. The res-
ults indicate that non-CSC can cells show a lack of evidence to have CD34/CD44/hyaluronan involved although it is
likely to produce detectable amount alpha fetoprotein. The in vitro results have shown that increasing alpha feto-
protein expression significantly follows elevated the levels of CD44/ hyaluronan.

Material Methods: This is an on-going CSC research project that was authorized by university HIC. Cancer cells were
isolated from surgical specimens after pathology diagnosis. The human fetal liver cell primary cultures were used
for alpha fetoprotein production control. The viability of all cell isolates is more than 90% used for this study. CSC
MRNA profiling was analyzed use micro-array. The intracellular levels of alpha fetoprotein and CEA were estimated
use ELISA.

W-1013

THE MET ONCOGENE IS A FUNCTIONAL MARKER OF A GLIOBLASTOMA STEM CELL SUBTYPE AND A
THERAPEUTICAL TARGET FOR RADIOSENSITIZATION

Carla Boccacciol, Francesca De Baccol, Elena Casanoval, Enzo Medicol, Serena Pellegattaz, Francesca Orzanl, Raf-
faella Albano?, Paolo Luraghil, Antonio D'Ambrosiol, Bianca Pollo2, Paolo M. Comogliol, Gaetano Finocchiaro?
institute for Cancer Research, Candiolo, Italy, 2Fondazione IRCCS-Istituto Neurologico C. Besta, Milano, Italy

The existence of treatment-resistant cancer stem cells contributes to the aggressive phenotype of glioblastoma.
However, the molecular mechanisms that sustain stem cell proliferation in these tumors are largely unknown. We
report that expression of the MET oncogene, encoding Hepatocyte Growth Factor (HGF) Receptor, identifies a sub-
set of glioblastoma-derived neurospheres (MET-pos-NS), characterized by distinctive genetic and molecular fea-
tures such as: (i) normal EGF Receptor gene copy number; (ii) inactivation of the tumour suppressor gene PTEN; (iii)
gene expression profile classified as “mesenchymal” or “proneural”. Conversely, neurospheres that do not express
MET (MET-neg-NS) usually display complementary features such as: (i) EGF Receptor gene amplification; (ii) intact
PTEN gene; (iii) gene expression profile defined as “classical”. We show that MET-pos-NS are endowed with a hier-
archical organization, including a cell subpopulation expressing high levels of MET (MET-high) at the top, and a cell
subpopulation that conversely express negligible levels of MET (MET-low), at the base. This conclusion is suppor-
ted by data showing that, upon isolation from neurospheres, (i) MET-high, but not MET-low cells, retain long-term
propagation and multi-potential differentiation; (ii) MET-high, but not MET-low cells, can regenerate a mixed MET-
high/MET-low cell population; (iii) MET-high display increased tumorigenic ability as compared to MET-low cells,
and are the only that form tumors containing both MET-high and MET-low cells. In MET-high cells, we find also that
HGF sustains proliferation, clonogenicity, expression of self-renewal markers, migration, and invasion in vitro. Fin-
ally, we show that MET-high cells are more radioresistant than MET-neg cells, and are dramatically radiosensitized
by treatment with specific MET inhibitors. Together, these findings suggest that MET is a functional marker of glio-
blastoma stem cells, and a promising target for identification and therapy of a subset of glioblastomas.

W-1014

MESENCHYMAL TRANSFORMATION OF GLIOMA STEM CELLS IS REGULATED BY THE ALDEHYDE DEHYDROGENASE
1A3-MIR99B/LET7E/125A SIGNALING IN A C/EBPB-DEPENDENT MANNER



Sunghak Kiml, Ping Maol, Kaushal Joshil, Jianfeng Liz, Lucas Santana-Santos3, Uma R. Chandran3, Panayiotis
Benos3, Luke Smith!, Mao Dewang?®, Bo Hu?, Shi-Yuan Cheng>, Robert W. Sobol3, ichiro Nakano?
1ohio State University, Columbus, OH, United States, 2University of Pittsburge, Pittsburgh, PA, United States,

3University of Pittsburgh, Pittsburgh, PA, United States, AXi'an Jiaotong University, Xi'an, China, >Northwestern
University, Chicago, IL, United States

High-grade glioma (HGG) tumors are composed of heterogenous tumor cell populations including tumor cells with
stem cell properties termed glioma initiating/propagating cells or glioma stem cells (GSCs). Here we present data
describing the presence of two distinct GSC subtypes, termed as Proneural (PN) and Mesenchymal (MES) GSCs,
in HGGs based upon genome-wide transcriptome microarray analysis and microRNA profiling. Similar to the clin-
ical feature, MES GSCs display more aggressive and radioresistant phenotype than PN GSCs. Intriguingly, PN GSCs
acquire MES signature when they are treated with radiation, suggesting the PN-to-MES transition (PMT) of GSCs.
Pathway analysis of the array data identified aldehyde dehydrogenase 1A3 (ALDH1A3)-mediated pathway as the
most upregulated pathway in MES GSCs over PN GSCs. Mechanistically, ALDH1A3 is regulated by the oncogenic
transcription factor C/EBPP by both directly through the binding to the ALDH1A3 promoter and indirectly through
regulation of the evolutionary conserved miR cluster containing miR-99b, let-7e, and miR-125a. Physiologically,
forced expression of miR-99b-let7e-125a cluster in the MES GSCs leads to the loss of mesenchymal phenotypes
and sensitizes MES GSCs to irradiation. Collectively, the C/EBPB-miR cluster-ALDH1A3 axis plays a critical role in GSC
evolution to gain therapy-refractory mesenchymal phenotype.

W-1015

ROLE OF PRION PROTEIN AND STRESS INDUCIBLE PROTEIN ONE INTERACTION IN THE BIOLOGY OF
GLIOBLASTOMA STEM CELLS

Rebeca P. Iglesial, Tiago G. dos Santos2, Vilma R. MartinsZ, Marilene H. Lopes1

lDepartment of Cell Biology and Development, Institute of Biomedical Sciences, Sdo Paulo, Brazil, 2Laboratory of
Cellular and Molecular Biology, A.C. Camargo Hospital, Sdo Paulo, Brazil

Glioblastomas (GBM) are highly lethal brain tumors, which contains a subpopulation of glioblastoma stem cells
(GSC) capable of promoting tumor angiogenesis, invasion and radiotherapy and chemotherapy resistance, contrib-
uting to the failure to treat these cancers. Studies show that the interaction of two proteins, the cellular prion pro-
tein (PrPC) and stress inducible protein 1 (STI1), promote proliferation of GBM and recent data from our group in-
dicate that the blocking of the PrPC-STI1 interaction may have therapeutic potential. Both PrPC and STI1 are highly
expressed in the CNS. Their interaction modulates processes involved in neural plasticity and plays an important
role in the biology of neural stem cells (NSC), promoting proliferation and self-renewal. Based on these data, this
study aims to evaluate the role of PrPC-STI1 interaction in the biology of GSC. Our data suggest that the PrPC-
STI1 interaction is involved in GSC self-renewal and proliferation, in which the addition of STI1 in culture medium
in clonal density and BrdU incorporation assays seems to promote dose-dependent proliferation in GBM human
strain. However, PrPC-nonexpressing cells didn’t show response to treatment with STI1, suggesting that the pro-
liferative effect is dependent on interaction with PrPC. The elucidation of mechanisms controlling GSC prolifera-
tion is necessary to identify relevant targets for therapeutic intervention, increasing the effectiveness of treatment
through the targeting of GSC, decreasing tumor invasion, proliferation, and even the recurrence of this tumor.

W-1016
EVOLUTION OF CANCER STEM CELLS IN GLIOMA TO PROMOTE THEIR THERAPY RESISTANT PHENOTYPE

Ichiro Nakano
Neurological Surgery, The Ohio State University, Columbus, OH, United States

EVOLUTION OF CANCER STEM CELLS IN GLIOMA TO PROMOTE THEIR THERAPY RESISTANT PHENOTYPE



High grade glioma (HGG) is a life-threatening brain tumor. Recurrence is inevitable in virtually all cases and a per-
manent cure for HGGs remains elusive. Among heterogeneous tumor cells, glioma stem cells (GSCs) are defined as
a subpopulation resistant to chemo- and radiotherapy with prominent tumorigenic ability. Identification of novel
therapeutics designed to target the GSC population in HGGs has emerged as an attractive strategy to overcome this
lethal disease. The recent genome-wide transcriptome analysis identified 3 subtypes, proneural (PN), proliferative,
and mesenchymal (MES), in HGGs. These HGG subtypes harbor distinct gene signatures and altered signaling path-
ways with some clinical relevance. During malignant transformation, HGGs appear to gain therapy resistance, at
least in part, through their phenotypic drift into mesenchymal tumors. In addition, some of the current therapies,
if not all, appear to induce mesenchymal transformation of HGGs resulting in more therapy-resistant tumors. Non-
etheless, identification of subtype-specific GSCs remains elusive.

My lab recently identified clinical HGG sample-derived two mutually-exclusive GSCs: proneural (PN) and mes-
enchymal (MES) with striking phenotypic differences with clinical relevance. Transcritpome microarray analysis,
miRNA profiling, and subsequent functional analysis demonstrated that distinct signaling pathways regulate tum-
origenesis and propagation of the individual GSC subtypes. For example, PN GSCs are dependent on the oncogen-
ic transcription factor c-Myb (Miyazaki et al., Clinical Cancer Res. 2012, and unpublished data) and MES GSCs are
dependent on the oncogene/mitotic kinase MELK and Survivin (Guvenc et al., Clinical Cancer Res. 2012; Gu et al.,
Stem Cells 2013; Joshi et al., Stem Cells 2013). Intriguingly, upon radiation treatment, PN GSCs gain the phenotypes
of MES GSCs (PN-to-MES transformation; PMT), which are much more aggressive and radioresistant than original
PN GSCs. Of note, targeting the MES-specific pathways partially blocks PMT of GSCs. These results may partly ex-
plain the molecular mechanisms underlying mesenchymal transformation of HGGs to promote therapy resistance.
Here | summarize our latest data to elucidate the molecular mechanisms that drive GSC evolution to promote their
therapy resistant phenotype.
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THE SEMAPHORIN 3A-NEUROPILIN-1 SIGNALING PROMOTES CLONOGENIC GROWTH OF GLIOMA STEM CELLS
VIA ACTIVATION OF TGFpB SIGNALING.

Dong-Hun Wool, Nakho Changz, Eunhee Kim?, Jeremy Rich?, Do-Hyun Nam?, Jeongwu Leel
1Department of Stem Cell Biology and Regenerative Medicine, Lerner Research Institute, Cleveland Clinic, Cleveland,

OH, United States, 2Cancer Stem Cell Research Center, Samsung Biomedical Research Institute, Seoul, Korea, Repub-
lic of

Glioblastoma multiforme (GBM) harbors highly tumorigenic, stem-like cells (GBM stem/propagating cells, GSCs)
that are implicated in GBM progression and recurrence. Through in vitro clonogenic growth-based screening as-
says, we have identified Semaphorin 3A (Sema3A) as a potent mitogen for GSCs. Sema3A, generally known as an
axon guidance molecule, promotes proliferation and clonogenic growth of GBM cells by binding to its receptor
Neuropilin-1 (NRP1). The Sema3A-NRP1 interaction induces phosphorylation of SMAD2 and activates the Trans-
forming growth factor B (TGFB) signaling, a positive GSC regulator. Freshly isolated patient-derived GBM cells that
express high levels of NRP1 proteins are highly clonogenic compared to bulk tumor cells, and enriched with the
activated TGFP signaling pathway. NRP1 inhibition by short hairpin RNA-mediated knockdown or treatment with
NRP1 blocking antibodies decreased TGFB pathway activity and stem cell marker expression in GSCs. Finally, NRP1
knockdown decreased clonogenic growth of GBM cells and prolonged the survival of mice in an orthotopic xeno-
graft tumor model. Together, these data suggest that the Sema3A-NRP1-TGFp signaling axis is a critical regulator of
GSC maintenance and a potential therapeutic target for GBM.

W-1018
S100A4 EXPRESSION AND FUNCTION IN GBM STEM CELLS

Kin-Hoe Chow, Hee Jung Park, Kyuson Yun
Research: Kyuson Yun's lab, The Jackson Laboratory, Bar Harbor, ME, United States



The ineffectiveness of current treatment for the most aggressive form of adult brain tumor, Glioblastoma mul-
tiforme (GBM), demands novel therapeutic approaches. One such approach may be targeting cancer stem cells
(CSCs: a sub-population of cancer cells with defining characteristics of stem cell and the unique ability to initiate
a tumor upon transplantation). CSCs have been shown to be more therapy-resistant and have the ability to gen-
erate recurring tumors. Unfortunately, the number of known markers and regulators of GBM stem cells is limited
currently. Through comparative gene expression analysis of FACS-sorted populations of cells from a mouse GBM
model, our laboratory has previously identified 45 genes that show differential expression patterns in GBM stem
cells. Here, we focus on analyzing one of these genes, $100a4, and provide evidence that $100a4 is a novel regu-
lator of glioma stem cells. Analysis of mouse GBM tumor tissues confirmed that only a small number of tumor cells
express high levels of S100a4, implying that S100a4 could be a candidate marker for CSCs. Using primary tumor

cells isolated from S100R8-verbB;p53 gliomas, we found that $100a4M cells are enriched with self-renewing, sphere-
forming cells. In addition, orthotopic injection of $100a4" and $100a4'° cells from the same tumor showed that

mice injected with $100a4" cells had significantly shorter survival time, supporting the idea that 5100a4M cells are
enriched with CSCs. Consistently, when S100a4+ cell were depleted in primary GBM tumorsphere cultures, num-

bers of self-renewing cells were significantly reduced. Furthermore, when $100a4M cells were ablated ex vivo prior
to intracranial injection, mice injected with SlOOa4hi-depIeted cultures survived significantly longer than mice in-

jected with control treated cells. Altogether, these studies strongly support our original hypothesis that $100a4M
cells are enriched with CSCs. Suggestive of conserved function and expression in human GBMs, analysis of a human
glioma database (Rembrandt) revealed a significant correlation between S100A4 expression level and patient sur-
vival time. Results from on-going experiments with patient-derived GBM stem cells suggest that S100A4 is critical
for proliferation and self-renewal of human GBM tumorsphere cells ex vivo. Collectively, our studies strongly sug-
gest that S100a4 is a potential regulator and a marker for GBM stem cells in human and mouse tumors.

W-1021
BMP INHIBITORS REGULATE THE DIFFERENTIATION/SELF-RENEWAL AXIS IN GLIOMA STEM CELLS

Kenneth Yan, Anita Hjelmeland, Jeremy Rich
Stem Cell Biology & Regenerative Medicine, Cleveland Clinic, Cleveland, OH, United States

Contributing to the tumorigenicity of glioblastoma are glioma stem cells (GSCs), a population of cells within a given
tumor that can propagate heterogeneous tumors and are capable of extensive self-renewal. These cells are known
to confer resistance to traditional chemo- and radiotherapies, and so there are hopes that further characterization
of these cells will lead to the development of GSC-specific approaches to therapy in the future. Bone morphogen-
etic proteins (BMPs) are thought to be one potential GSC-specific therapy that will promote GSC differentiation
toward an astrocytic lineage and attenuate tumor growth. In designing therapies, however, it is also important to
consider secreted microenvironmental cues that may play a major role in tumor growth. These cues are provided
within GSC niches by the GSCs themselves or by supporting cells such as tumor-associated microglia or endothelial
cells. I have recently identified BMP regulators as potential secreted cues to maintain GSCs. My data demonstrate
that these regulators are elevated in the GSC population compared to non-stem glioma cells. | have also found that
recombinant forms of these proteins antagonize the effects of exogenous BMP. Furthermore, expression of these
proteins correlates with patient survival in certain glioma subtypes. Together, these data suggest that these BMP
regulators might be secreted within GSC niches in gliomas, limiting the utility of BMP as a treatment while provid-
ing new avenues for targeted therapies.

W-1022

GLIOMA STEM CELL - ENDOTHELIAL CELL NICHE INTERACTIONS DEFINE MALIGNANT PROGRESSION IN
GLIOBLASTOMA

Anjali Shiras, Aman Sharma
National Centre for Cell Science, Maharashtra, India



Glioblastoma multiform (GBM) is a highly heterogeneous, vascularized tumor exhibiting hierarchical organization
and replete with a distinct glioma stem cell (GSC) population that drives tumor growth, progression and therapeutic
resistance. With an aim to identify origin of the self-renewing glioma stem cell population, we developed several in
vitro model systems that mimic phenomena of malignant tumor progression in GBM. Further, we explored glioma
stem cells developed as free floating neurospheres to study mutual interactions with the vascular niche micro-en-
vironment that is mainly comprised of endothelial cells (EC) and the perivascular niche components of extracellular
matrix. For this, we generated in vitro co-culture systems comprising of GSCs and Endothelial cells (EC). We specific-
ally focused on investigating interactions of GSCs with perivascular niche endothelial cells under both two-dimen-
sional and three dimensional growth conditions. Recent reports have shown prominence of ECs in regulation of
GSC, however, almost all studies have used either HUVEC or other types of non-tumor derived endothelial cultures.
To mimic a more functional vascular niche for GSC and to understand mutual niche specific signalling mechanisms
for GSC phenotype maintenance and GSC

driven angiogenesis response in ECs, we independently generated GSC and EC cultures from the same glioma tu-
mor. We differentially labeled GSC and EC cultures with green and red PKH dyes and established GFP/RFP labeled
GSC/EC co-culture systems and used them to analyze effects on cell proliferation and angiogenesis using flow cyto-
metry, matrigel tube formation and in vitro 3D sprouting angiogenesis assays. GSCs mutually grown with ECs in-
duced enhanced proliferation, migration and contributed towards accelerated tumorigenicity of GSCs, compared
to GSC alone. Characteristically, their niche specific mutual interactions induced activation of PDGF signalling and
contributed to enhanced proliferation and migration of either cell types in a 3D co-culture assay. Further, we
showed that tumor derived endothelial cell population differed significantly from the non-tumor endothelial cells
and showed auto-activation of angiogenesis pathways. Interestingly, in PKH labeled co-culture assay, the presence
of dual labeled cell population of GSC-EC suggested towards activation of novel niche specific signalling mechan-
isms mediated by circulating microvesicles. We propose that targeting glioma stem cell niche may act as double
edge sword and not only curb GSC growth but also inhibit

GSC induced angiogenesis thereby providing novel therapeutic approaches in glioma treatment.
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DOPAMINE RECEPTOR ANTAGONISTS SELECTIVELY TARGETS THE GROWTH OF GLIOBLASTOMA STEM CELLS.

Sonam Dolmal, Milly Soz, lan Clarkez, Peter Dirks?

1Laboratory Medicine and Pathobiology, University of Toronto, Toronto, ON, Canada, 2Development and Stem Cell,
The Hospital for Sick Children, Toronto, ON, Canada

Glioblastoma multiforme (GBM) is the most common malignant primary brain tumor that has very poor prognosis.
Its growth is driven by cancer stem cell that has the potential to initiate and maintain the tumor. Targeting the can-
cer stem cell pool provides a novel approaches in treating glioblastoma. Therefore, understanding the regulatory
network that governs the growth of glioblastoma stem cells is pivotal in controlling the tumor. We employed small
molecule approach to probe the glioblastoma stem cell network. A previous screen in our lab showed a hit enrich-
ment of neurotransmitter compounds when we screened unbiased bioactive library in mouse neural stem cells,
therefore probing glioblastoma stem cells with neurotransmitter modulators is predicted to reveal novel targets.
We interrogated all classes of neurotransmitters modulators containing 680 compounds in a series of glioblastoma
neural stem cell lines (GNSC), human fetal neural stem cell lines (hfNSC) and BJ fibroblasts as a control. This screen-
ing approach allowed us to identify compounds that selectively inhibit the growth of GNSC and hfNSC. The primary
screen identified 29 compounds that selectively inhibit the growth of hfNSC and GNSC when compared to BJ fibro-
blast at a screening concentration of 5SuM. Further retesting at various doses validated 10 compounds that showed
more than 8 fold selectivity. Compounds modulating dopaminergic, serotonergic and cholinergic pathways are en-
riched in hits suggesting a plausible role in neural stem cell network. Three out of ten compounds showed 2-6
fold more selective towards GNSC when compared to hfNSC and two of these compounds are dopamine receptor
antagonists. In vivo validation of dopamine receptor antagonists in subcutaneous implanted tumor in NOD SCID
gamma mouse showed 40% reduction in tumor mass. Furthermore, treated tumors have reduced clonogenic po-
tential when compared to control by in vitro limiting dilution assay. This preliminary data suggests that dopam-



ine receptor antagonist reduces the tumor size by depleting the cancer stem cell pool. To further characterize the
mechanism, we first confirmed the expression of dopamine receptor in hfNSC and GNSC lines. The preliminary
knockdown experiment suggests that dopamine receptor inhibits the growth of GNSC. To elucidate the mechanism
that confers GNSC selectivity, we performed phospho kinase profiling of 43 kinases. Interestingly, we observed dif-
ferential response of GNSC and hfNSC towards dopamine receptor antagonists. The dopamine receptor antagonist
decreases the phosphorylation of ERK1/2, Akt, TOR and p70S6 kinase in GNSC while there is no dramatic change in
hfNSC. Dopamine receptors are known to activate ERK1/2 signaling. Selectivity of GNSC towards dopamine recept-
or antagonist may be partly conferred through ERK1/2 pathway, which is deregulated in glioblastoma.

In conclusion, we identified dopamine receptor antagonists that selectively inhibit the growth of glioblastoma stem
cells both in vitro and in vivo. This selectivity may be partly conferred through ERK1/2 pathway, which is deregu-
lated in GNSC or could be at receptor level with differential regulation or activity of dopamine receptors, which we
are in process of studying. Dopamine receptor antagonist could potentially serve as a therapeutic agent in treating
glioblastoma.
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TARGETING SELF-RENEWAL IN BRAIN TUMOR

Zhe Zhul, Muhammad Amir Khanl, Jan Gronychz, Olga Bernhardtl, Andrey Korshunov3, Bernhard Radlwimmerz,

Peter Lichter2, Haikun Liul

ANormal and Neoplastic CNS Stem Cells, Bpivision of Molecular Genetics, CDepartment of Neuropathology, 1pKFz,
Heidelberg, Germany

Cancer stem cells (CSCs) have been suggested as potential therapeutic targets for treating malignant tumors, but
the in vivo evidence supporting that is still in debate.

Here we established a mouse model that allows stem cell-specific gene targeting in unperturbed high-grade mouse
brain tumor. Using a GFP reporter driven by the promoter of the nuclear receptor tailless (TIx) in the transgen-
ic mouse model, a neural stem cells (NSCs) specific transcription factor, we demonstrate that TIx positive cells of
primary brain tumors are mostly quiescent and they are strong candidates for brain tumor stem cells (BTSCs). After
introducing a BTSC-specific knock-out of the tailless gene in primary mouse tumors, we observed a loss of self-re-
newal of BTSCs, which leads to significant prolongation of animal survival. Furthermore, we demonstrate that loss
of Tlx in BTSCs leads to the induction of essential pathways mediating cell cycle arrest, cell death and neural differ-
entiation. Additionally we show that Tlx is a prognostic marker in human high-grade brain tumors for worse surviv-
al.

Our study provides the first genetic evidence for targeting self-renewal pathway in established primary tumors and
proves that BTSCs are suitable therapeutic targets, thus strongly supporting the CSCs hypothesis and the import-
ance of therapeutic approaches targeting CSCs.

W-1025
POWER LAW GROWTH IN THE SELFRENEWAL OF HETEROGENEOUS GLIOMA STEM CELL POPULATION

Michiya Sugimori, YUMIKO HAYAKAWA, SATOSHI KURODA
Univ of Toyama/ Graduate School of Medicine and Pharmaceutical Sciences, Toyama, Japan

Cancer survives via recapitulation of cancer cell population beyond generations. Cancer stem cells (CSCs), which
would be involved in the recapitulation process, exhibit heterogeneity resulting in a tumor development of a di-
verse cancer cell population. However, it still remains unclear whether and how CSC heterogeneity is maintained
during tumor development. We employed a tumor neurosphere culture, where glioma stem cells undergo self-re-
newal and form clonal spheres while maintaining undifferentiated states in the methylcellulose containing medi-
um. This study revealed, in detail, the self-renewal process of U87 human glioblastoma cell line derived glioma
stem cell-like cell (GSCC) clones. The frequency distribution of cell number per clone, where the GSCC clones grew
diversely, exhibited power-law pattern. Six repeated passage experiments suggested that diversity and power-law



in growth of GSCCs recapitulated beyond generations. Size-based fractionation experiments further showed that
both small- and large-clone derived population regenerated populations following power-law pattern and the di-
versity in growth. These suggest a scale- and space-free code where heterogeneous GSCCs flexibly and reversibly
change the growth traits. Thus, cancer repopulates beyond generations while maintaining CSC heterogeneity. Such
plastic repopulation activity is involved in cancer exacerbation via metastasis and recurrence after radiation and
chemotherapy. This study definitely suggests the importance of a power-law code in the CSC plasticity as a poten-
tial therapeutic target in cancer.
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ADDRESSING THE MECHANISMS OF TUMOR-TROPIC MIGRATION OF NEURAL STEM CELLS

Merve Karabork, Tugba Bagci-Onder
School of Medicine, Ko¢ University, Istanbul, Turkey

In addition to their applications in regenerative medicine, neural stem cells (NSCs) have recently been recognized as
efficient delivery vehicles for therapeutics in a number of malignancies including brain tumors. The NSCs utilized in
preclinical brain tumor models have been derived from various sources, mainly fetal CNS tissues and recently from
differentiated from embryonic stem (ES) cells. While tumor-tropism of most NSC lines has been well documented,
the mechanisms and the major molecules involved in such migratory behavior have been largely unexplored. To
address these questions, in this study, we have compared the tumor-directed migration abilities of different NSC
lines and characterized the molecular differences between the “highly migratory” and “stationary” NSCs. We have
assessed the gene expression levels of cell motility genes (e.g. Rho family GTPases, cytoskeletal regulatory proteins,
focal adhesion kinases), extracellular matrix and adhesion molecules (e.g. collagens, ECM proteases, integrins) and
chemokine signaling components (e.g. chemokine receptors) in these cells. This survey yielded a number of can-
didate pathways that were highly active in the “highly migratory” NSCs. Exogenous activation of a subset of these
pathways increased the migratory ability of stationary NSC lines. Our study provides a “tumor-tropism” signature
of the NSCs and identifies key signaling molecules that can be exploited to further increase the penetration of NSCs
into tumor parenchyma and therefore augment their therapeutic utility.
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TOWARDS THE SYSTEMATIC COMPARISON OF THE PROLIFERATIVE AND DIFFERENTIATION CAPACITY OF NEURAL
STEM CELLS AND GLIOBLASTOMA STEM CELLS

Lionel Meyerl, Aurore Fernandezl, Christel HeroId-Mendez, Pierre Kehrli3, Dominique Bagnard1
IMN3T, INSERM, Strasbourg, France, 2Depart‘ment of neurosurgery, University of Heidelberg, Heidelberg, Germany,
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One of the most striking discoveries of the past ten years in the field of cancer is the existence of cancer cell popu-
lations exhibiting stem cell like properties. These cells exhibit strong capacities of self-renewal, largely contributing
to the progression of cancer. This has been particularly well established in glioblastoma, the most severe type of
brain tumor. The molecular mechanisms controlling glioblastoma stem cells proliferation, migration and/or differ-
entiation remains elusive. To address this question we developed a systematic approach in order to better under-
stand these mechanisms in human GSC. Human biopsies are immediately processed to generate gliomapsheres
using protocols similar to the one used for the production of neural stem cells and neurospheres. Spheres are sub-
jected to immunocytochemistry characterization, sphere formation assay and differentiation assay. GSC behaviors
are compared to the one of NSC.

Here, we will present such a comparison between NSC and NCH644 GSM previously generated from a patient
biopsy. We found that both type of stem cells grow equally well giving rise to a rate of spheres production (RSP) of
4-6% over a period of 4 days (6.4% versus 6.2% p=0,9837). In this assay we used NSC between passages 5-10 and
GSC between passages 20-32 in order to get stable RSP. Interestingly, we showed that both types of spheres were
producing similar extracellular matrix molecules as demonstrated by equivalent staining for Laminin isoforms and



tenascin. When differentiating NSC and GSM on Poly-L-Ornithine, we found that spheres were producing similar
proportion of MAP2 (neuronal marker) and GFAP (astrocyte marker) positive cells (20.2% versus 18.2%, p=0,5420
and 68.6% versus 66.7% p=0,5136 respectively). However, GSC showed increased percentage of 04 (oligodendro-
cyte marker) compare to NSC (19% versus 46% p < 0.0001). Interestingly, a various proportion of cells we co-stained
for MAP2 and GFAP or GFAP and O4.

To address the migration and differentiation capacities of both types of spheres in culture conditions better reflect-
ing the in vivo situation we are currently developing a slice overlay assay in which spheres are grown on the top of
brain slices freshly prepared from postnatal mouse brain. While too preliminary for quantitative analysis our results
suggest no regional preference for adhesion and migration. Further investigation will allow us to monitor differen-
tiation when exposed to such in vivo-like conditions.

W-1028
MESENCHYMAL TRANSITION OF GLIOBLASTOMA STEM CELLS BY VEGF BLOCKADE

Kosuke Funato, Petrina Georgala, Rong Wang, Leif A. Droms, Viviane S. Tabar
Department of Neurosurgery, Memorial Sloan-Kettering Cancer Center, New York, NY, United States

Glioblastoma is the most malignant form of brain tumor and accounts for approximately 54% of all primary brain
tumors. Despite huge clinical efforts, the median survival of glioblastoma patients has remained 1 year over the
past decade. Since dysregulated angiogenesis and vascular malformation are one of the hallmark features of glio-
blastoma, the emerging antiangiogenic therapy including anti-VEGF antibody Bevacizumab (Avastin) has been con-
sidered as a promising therapy for glioblastoma. However, recent studies indicate that tumors become refractory
to antiangiogenic therapy and the effect on overall survival is still controversial. Therefore, there is an urgent need
to reveal the molecular and cellular mechanism of insensitivity to Bevacizumab.

It has been shown that glioblastoma stem cells (GSCs) are resistant to chemotherapy and radiotherapy, and contrib-
ute to recurrence. To investigate the role of GSCs in response to antiangiogenic therapy, we isolated CD133-positive
GSCs from fresh tumor samples. Bevacizumab treatment of CD133-positive GSCs increased migration (14.9-fold,
p<0.01) and expression of mesenchymal marker genes, such as PDGFRB and SMA (1.8 and 3.8-fold, respectively).
Increased expression of mesenchymal genes was also observed in Bevacizumab-treated patients’ samples and or-
ganotypic slices (“explants”), further indicating the mesenchymal transition by Bevacizumab treatment. We next
isolated mesenchymal GSCs by the expression of PDGFRB. PDGFRB-positive GSCs had higher migratory and invasive
capacity in comparison with PDGFRB-negative GSCs (1.4-fold, p<0.004). In addition, when injected into explants,
PDGFRB-positive cells migrated to blood vessels, which is consistent with perivascular tumor invasion observed
in Bevacizumab-treated patients. Finally, we found that PDGFRB-positive but not -negative GSCs differentiated to
SMA-positive mural cells by the combination of Bevacizumab and TGF-B treatment (PDGFRB-positive, 33.6 + 4.1 %
vs negative, 3.8 + 2.3 %, p<0.003), implying PDGFRB-positive GSCs share features with pericyte progenitor cells.
Taken together, our data indicates that Bevacizumab treatment induces the transition of CD133-positive GSCs to
the mesenchymal lineage and PDGFRB can be used as a good marker for this transition.
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OCT4A ISOFORM ENHANCES AGRESSIVENESS OF MEDULLOBLASTOMA CELLS

Patricia B G Silva, Carolina O. Rodini, Marcia Cristina T. Santos, Daniel Sanzio G. Cruz, Karina G. Oliveira, Oswaldo K.
Okamoto
Biosciences Institute, Sdo Paulo University, Sdo Paulo, Brazil

Expression of OCT4 has been recently correlated with poor prognosis in different types of cancer including medullo-
blastoma, the most common and challenging type of embryonal tumor in childhood. However, direct evidence of
OCT4 contribution to tumor aggressiveness is lacking. In this regard, defining the specific contribution of distinct
OCT4 isoforms derived from alternative splicing is of particular importance. In this study, the effects of OCT4A over-
expression on cell properties conferring a more aggressive tumor phenotype were determined in medulloblastoma.



Stable overexpression of OCT4A was performed by retroviral transduction of DAQY cells, followed by analyses of
cell proliferation and tumorigenesis in vitro. Tumor cell proliferation was verified by population doubling level (PDL)
assays, amount of viable cells based on MTT metabolism after 24, 48 and 72 hours, and cell cycle analysis by flow
cytometry based on propidium iodide incorporation. In vitro tumorigenesis was accessed by colony formation in
soft-agar after 15 days. Western blotting revealed that native DAQY cells express low levels of OCT4A protein. After
retroviral transductions, cells displaying different levels of OCT4A overexpression were obtained. Cells with 2 incre-
ment were named OCT4A Low (lo) and cells with 4 increment were called OCT4A High (hi). Cells overexpressing
OCT4A displayed shorter population doubling time than control cells (DAOY: 29,81+0.75h; Lo: 25.05+0.36h*, hi:
25.00+ 0.38h*, *p<0.0001) evaluated after 50 generations in vitro. A similar increase in proliferation was also in-
dicated by the MTT assay in all times tested (p<0.0001) and by cell cycle analysis, in which a higher proportion of
OCT4A lo and hi cells were found to be in S and G2 phases, compared with the control cells (DAOY: 52.15+0.49%; lo:
60.76£0.43%*; hi: 58.76+1.11%*, *p<0.0001). Cells overexpressing OCT4A also generated higher amount of colon-
ies when cultivated in soft agar, indicating enhanced anchorage-independent cell proliferation. Noteworthy, colon-
ies of OCT4A overexpressing cells were larger than those of control cells (average diameter: DAQY: 71um; lo: 241
um; hi: 816 um). These findings indicate that expression of OCT4A, an isoform with well characterized function in
pluripotency and stem cell self-renewal, contribute to tumor aggressiveness and may be further explored as a po-
tential indicator of poor prognosis in medulloblastoma.
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BMI1 REGULATES GLI ACETYLATION THROUGH CULLIN3 IN MEDULLOBLASTOMA STEM CELLS
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Constitutive activation of the sonic hedgehog (Shh) pathway in neural progenitor cells of the external granular layer
(EGL) in the cerebellum is a recently described driver of brain tumour initiating cells (BTICs) in medulloblastoma
(MB). We have shown that Shh pathway activation leads to increased production of Bmil, a polycomb repressor
which maintains ‘stemness’ in BTICs. Our current work demonstrates that up-regulation of Bmil by the Shh path-
way leads to transcriptional repression of the E3 ligase, Cullin3 (Cul3). Cul3 has been shown to ubiquitinate histone
deacetylase 1 (HDAC1), leading to increased acetylation of the Gli transcription factors which further activates the
Shh pathway. Importantly, we utilize chromatin immunoprecipitation (ChIP) to demonstrate direct binding of Bmil
to the Cul3 promoter exclusively in CD15+ MB stem cell populations.

This project is carried out with minimally cultured cells derived from primary patient tumours obtained through
REB-approved protocols as well as with MB cell lines, Daoy and Med8a. Bmil and Cul3 expression is modulated
using overexpression (OE) and inducible Tet-On® lentiviral-mediated shRNA knockdown (KD) vectors. mRNA and
protein levels of Bmil and Cul3 following OE and KD are assessed by RT-PCR and western blotting (WB) respectively.
Functional effects of OE and KD are analyzed by self-renewal and proliferation assays. Acetylation status of the
Gli transcription factors is assessed by immunoprecipitation using anti-Gli antibodies and subsequent probing for
acetyl-lysine on a WB. Bmil occupancy at the Cul3 promoter is elucidated through ChIP using Bmil antibody on
CD15-sorted cells followed by PCR amplification of Cul3 promoter regions. Finally, the functional significance of the
pathway in MB BTICs will be assessed using our in vivo BTIC xenograft model. Mice will undergo intracranial injec-
tion of MB cells carrying inducible Tet-On® shCul3 vector.

To date, ChIP analysis has demonstrated that Bmil is enriched at the Cul3 promoter in CD15+ stem/ progenitor cells
though not in CD15- non-stem cells. Overexpression of Bmil has been shown by RT-PCR to cause reduced levels
of Cul3 transcript, and an inverse result was observed for Bmil knockdown. Further, WB analysis shows that over-
expression of Bmil leads to a reduction of Cul3 protein and a corresponding increase of HDAC1 in Med8a tumor
spheres. Future functional elucidation of the pathway in vivo should demonstrate that Bmil KD produces less ag-
gressive tumours by reducing Shh pathway activation in injected MB BTICs.



We suggest the existence of a positive feedback loop whereby Bmil can repress transcription of the Cul3 E3 ligase.
This in turn leads to reduced ubiquitination of HDAC1 and increased Gli deacetylation which further activates
Bmil transcription and drives the positive feedback system. We have previously demonstrated MB BTICs to be
Shh-receptive cells that respond to ligand produced by bulk tumour. Our new findings suggest a novel mechanism
whereby aggressive activation of the Shh pathway seen in neural progenitor cells of the EGL and MB BTICs may res-
ult in reduced expression of Cul3 as a result of increased repression by Bmil. These findings pertain to both normal
cerebellar development as well as cancer, and describe a novel pathway element responsible for producing a bona
fide BTIC in pediatric MB. A more defined understanding of the pathways which promote a BTIC phenotype in the
tumour cells of MB patients will provide novel drug targets for future therapies.
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DEMETHYLATION OF HISTONE 3 LYSINE 27 REGULATES THE SECRETION OF INFLAMMATORY FACTORS
RESPONSIBLE FOR THE ROBUST TROPISM OF THERAPEUTIC NEURAL STEM CELLS
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Neural stem cells (NSCs) have demonstrated their utility as a delivery vehicle for targeted cancer therapy and
ischemic injury. However, defining what regulates the robust secretion of chemokines that attract NSC migration
toward the tumor or sites of ischemia sites have not been clearly elucidated. Many of these secreted factors have
been associated with recruiting a host immune response. JMJD3, a histone 3 lysine 27 demethylase, has been
shown to be involved in wound healing and tumorigenesis. Here, we investigate the epigenetic role JMJD3 has
in recruiting NSC migration towards human glioma cell lines and senescent-induced fibroblasts. To test our hypo-
thesis of stem cell migration towards glioma or human senescent-induced fibroblasts, we began by using a Boyden
chamber-based cell migration assay. Our data indicates that JMJD3 is both necessary and sufficient to activate the
robust expression of chemokines that may be responsible for significantly increasing the migration of our thera-
peutic NSC line (HB1.F3.CD) nearly 17-fold, as well as mesenchymal stem cells (MSCs), towards conditioned media
collected from human glioma cell lines as well as senescent human dermal fibroblasts. We further show that the
expression of these specific inflammatory factors is both necessary and sufficient through an epigenetic mechan-
ism involving JMDJ3 using ChIP analysis. We also used a human cytokine antibody array, rt-PCR and FACS analysis
to identify multiple factors and their corresponding receptors that have previously been shown to be necessary
and sufficient in directing NSC migration. In vivo studies are in progress. Collectively, these data will help expand
our understanding of the tumor biology involved in stem cell migration and may lead to the increased efficacy of
applying NSCs to target and deliver therapeutic agents to tumor foci for cancer therapy as well as other diseases
associated with chronic inflammation.
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NANOG EXPRESSION IN HUMAN ESOPHAGEAL SQUAMOUS CELL CARCINOMA
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Esophageal carcinoma is the eighth most common cancer and the sixth leading cause of death from cancer world-
wide and one of the most common malignant diseases in China. It can be subdivided in two major histological
types: Adenocarcinoma (EAC) and squamous cell carcinoma (ESCC). Unfortunately the majority of ESCC patients
have locally advanced or metastatic disease at the time of diagnosis and the overall 5-year survival is poor. Screen-
ing and early diagnosis of esophageal cancer remains a challenge in spite of introduction of new endoscopic tech-
niques. Although the identification of biomarkers in diagnosis and tumour progression and, the identification of



new therapeutic targets is an area of active research; no biomarkers have been translated to routine clinical prac-
tice yet.

NANOG is a homeobox transcription factor that has been identified as a key player in the establishment of em-
bryonic stem cells (ES cells) identity and functions in concert with other transcription factors such as SOX2.

There are several studies reporting NANOG expression in a variety of human tumors, such as gonadal germ cell tu-
mors, central nervous system germinomas, medulloblastoma, glioma and epithelial tumors.

Here we investigate NANOG expression in formaline-fixed paraffin-embedded sections of 29 patients (18 males and
11 females) of ESSC by immunohistochemistry and we discovered that NANOG is expressed in 100% of the cases
with a perinuclear or nuclear pattern. In addition, we compared NANOG expression with its stem partner SOX2,
that has been recently described to be amplified in human ESCC, finding a correlation between their expressions.
These data suggest that NANOG could be a possible new biomarker for use in ESCC diagnosis. Its potential as a pre-
dictive and behavioral marker would require further studies.

We are currently carrying out a parallel analysis of NANOG expression in a variety of ESSC cell lines.

W-1035
STEMNESS PROTEIN LEVEL: A SURROGATE MARKER FOR TAMOXIFEN RESISTANCE BREAST CANCER

Issam Hussain, Khalid Arif, Carol Rea, Mohamed EI-Sheemy
School of Life Science, Univ of Lincoln, Lincoln, United Kingdom

Introduction: It is well documented that using antihormonal therapy with tamoxifen significantly improves the sur-
vival rate of women with oestrogen-receptor positive (ER+) breast tumours. However, the development of resist-
ance to tamoxifen as a primary therapy and disease reoccurrence limits its clinical benefit. This therapeutic failure
has revived interest in the breast cancer stem cell (BCSC), since stem cells were reported to be resistant to antihor-
monal therapy. Stemness” genes expression increases in undifferentiated cells. However, the role of their expres-
sion in breast cancer is still poorly defined. The aim of this study was to examine the role of stemness proteins in
breast cancer cell lines and anti-hormonal therapy resistance.

Method: MCF-7, MCF-7/tamoxifen resistant (TAMR) and MDA-MB238 cells were cultured, with relevant hormonal
therapy to calculate ED50 and incubated in 5% CO2 incubator at 37°C. Quantitative and qualitative immunopheno-
typing of cells was achieved using fluorescein isothiocyanate (FITC) labelled antibodies reactive with NANOG, SOX2,
OCT4 and CD44.

Result: MDA-MB238 cells showed significant expression of NANOG (70%), CD44 (85%) SOX2 (68%) and OCT3-4
(50%) compared with MCF-7(12%, 4%, 15% and 10% respectively). However the MCF-7 TAMR demonstrated lower
expression of NANOG (45%), CD44 (60%), SOX2 (60%) and OCT3/4 (55%) compared with MDA-MB238.

Conclusion: Stemness proteins are highly expressed in breast cancer cells resistant to tamoxifen therapy. There is
association between the expression of Stemness proteins level and the development and progression of breast
cancer resistance to tamoxifen therapy
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TRANSIENT EXPRESSION OF REPROGRAMMING FACTOR IN VIVO LEADS TO TUMOR DEVELOPMENT

Kotaro Onishil, katsunori Semil, Akito Tanakal, Takuya Yamamotol, Masahito Shimizu2, Hisataka Moriwaki2, Shin-
ya Yamanakal, Knut Woltjenl, Yasuhiro Yamada?
1Kyoto Univ CiRA, Kyoto City, Japan, 2Gastroenterology, Gifu Univ graduate school of medicine, Gifu city, Japan

Induction of 4 transcription factors, Oct3/4, Sox2, KIf4, Myc in differentiated somatic cells has yielded induced pluri-
potent stem cells (iPSCs). Although generation of iPSCs does not required changes in genomic sequence, iPSC ac-
quired indefinite growth potential: the key characteristic shared with cancer cells. In this study, we generated a re-
programmable mouse in which reprogramming factor expression can be controlled temporally in vivo by the treat-
ment of Doxycycline (Dox).



Induction of reprogramming factors in vivo caused active cell proliferations and a rapid expansion of dysplastic le-
sions in the epithelial tissues. Prolonged expression of reprogramming factors caused invasive growth of dysplastic
cells, leading to cancer development in various organs.

Following longer period of reprogramming factors induction, we observed dysplastic proliferating cells in the kid-
ney, which continued neoplastic growth even after Dox withdrawal. Histological analysis revealed that these Dox-
independent kidney tumors resemble Wilms’ tumor, a common pediatric kidney cancer. In addition, microarray
analysis demonstrated that many upregulated genes in the Dox-independent kidney tumors were similarly upregu-
lated in Wilms’ tumor.

Our results suggest that aspects of cellular reprogramming may be involved in the development of pediatric can-
cers.
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DUAL EFFECTS OF HUMAN ADIPOSE TISSUE-DERIVED MESENCHYMAL STEM CELLS ON NF-kB PATHWAY IN
TUMOR CELL GROWTH OF A549 AND HT-29.

Jung Joo RHYU, Euna KWON, Byeong Cheol KANG
Dep’t of Experimental Animal Research, Seoul National University Hospital, Seoul, Korea, Republic of

Human adipose tissue-derived mesenchymal stem cells (hATMSCs) have a great potential as therapies for various
diseases and regenerative medicine. Recently, emerging evidence suggests that human stem cells have both pro-
moting and inhibitory effects on tumor growth. However, little is known about factors that make these contradict-
ing results, and the therapeutic use of hATMSCs should be cautious under malignant conditions. The purpose of
this study is to determine in which tumor environment hATMSCs have tumor supporting effects or suppressing ef-
fects and to understand the underlying mechanism.

We investigated the effect of hATMSCs on growth of 6 different types of tumor cell lines in vivo. A-375, A-431, A549,
NCI-N87, HT-29 and Capan-1 cell lines were implanted into athymic nude mice. And the each tumor xenograft mice

were treated with intratumoral injection of hATMSCs (1><105 cells/mouse) once a week for 8 weeks or with PBS in-
jection for control groups instead. Tumor volumes and weights were measured. The results showed that hATMSCs
have an inhibitory effect on tumor growth of A549 and Capan-1, but a promoting effect on HT-29. We focused on
A549 and HT-29 tumor and performed further protein analysis. The expression level of tumor-related proteins such
as NF-kB/p65, Akt, JAK3, STAT3 and B-Catenin was analyzed by western blotting. The results showed there is an ob-
vious correlation between the tumor growth and the expression level of NF-kB/p65. We also confirmed the similar
effect of hATMSCs in vitro. When A549 or HT-29 tumor cells were co-cultured directly or indirectly with hATMSCs
respectively, the proliferation rate of A549 was decreased but of HT-29 was enhanced.

In this study, we demonstrated the dual effects of hATMSCs, which is inhibiting effect on A549 and promoting effect
on HT-29, and the correlation between the tumor growth and the expression level of NF-kB. Despite the controver-
sies concerning the relationships between the MSCs and the tumors, the application of stem cells in cancer therapy
or regenerative medicine has broad prospective. Therefore, we consider that it is required further research to un-
derstand the interactions between stem cells and various types of tumors and those understandings will provide a
new clue for stem cell therapy.
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EVIDENCE THAT BREAST CANCER STEM AND PROGENITOR CELLS MODIFY TUMOR GLUCOSE METABOLISM IN
RESPONSE TO A HYPOXIC MICROENVIRONMENT

Nicole Gordon, Robynn Schillace, Rodney Pommier, Steven O'Neill, Patrick Muller, Arpana Naik, Robert O'Rourke,
Juliana Hansen, Jennifer Alabran, Cory Donovan, SuEllen Pommier
Oregon Health & Science University, Portland, OR, United States

Background: Increases in hypoxia response gene expression and aberrant glucose metabolism are observed in
breast cancers. This may endow tumors with the plasticity needed to sustain growth in avascular tissues. The ob-



jective of this study was to determine if adaptive changes are mediated through breast cancer stem/progenitor
cells (BCSC) and whether this is determined by BCSC oncogene mutations.

Methods: From 15 invasive ductal carcinomas and 11 normal breast reduction specimens, cells variably expressing
breast stem/progenitor cell surface markers CD44, CD49f, CD24 (lin-CD31 and CD45) were collected by cell sorting.
RNA/cDNA and wgDNA were collected from whole tumor tissues, benign breast tissues and sorted cells. Genomic
mutations were examined at 430 sites of 30 oncogenes (Sequenome MassARRAY). Expression of 36 hypoxia
and glucose metabolism-related genes (HYPOX-GluMet) was measured by qRT-PCR (Life Technologies microfluidic
cards). In addition, a subset of ex vivo benign and malignant breast surgical specimens were grown overnight in
hypoxic (1%) or normoxic (21%) conditions prior to cell sorting. Absolute delta Cts in gene expression were calcu-
lated and significance was determined by Student’s t-test and ANOVA (p<0.05).

Results: Compared to benign breast tissue, tumor specimens showed significant increased HIF1a gene expression.
BCSC compared to benign stem cells (SC) showed significant changes in HYPOX-GluMet. Specifically, BCSC lin-
CD49f+CD24+ and lin-CD49-CD24+ showed decreased SLC2A1 (GLUT1),and lin-CD49f+CD24- showed decreased
SLC2A3 (GLUT3), HK2, SLC16A3, G6PD, SOD2 and BNIP3. Benign SC, and breast tissues had few significant inter-
group differences in HYPOX-GluMet. In contrast, 3 of 4 BCSC showed significant inter-group variability and de-
creased HYPOX-GluMet compared to tumors. Lin-CD49f-CD24- BCSC had higher HYPOX-GluMet gene expression
than all other BCSC and were similar to tumors. After 24 hours of normoxic or hypoxic exposure, lin-CD49f-CD24+
and lin-CD49f+CD24+ cells decreased in number by 85% and 62% respectively in benign tissues and 82% and 52%
in tumors. Lin-CD49f+CD24- and lin-CD49f-CD24- cells increased by 44% and 5.7% respectively in benign tissues
and 45% and 2.6% in tumors. HYPOX-GluMet gene expression was influenced by normoxic and hypoxic conditions
in SC and BCSC. Hypoxia decreased HYPOX-GluMet in benign SC, while BCSC showed population-specific CD44 ex-
pression increased under hypoxia in both SC and BCSC. Four of 15 tumors had PIK3CA mutations, 3 had SMO, and 2
had PIK3CA and SMO mutations (4 previously reported). HYPOX-GluMet did not correlate with the presence of any
specific oncologic mutation.

Conclusions: Changes in HYPOX-GluMet occur following malignant conversion of benign SC to BCSC. These changes
are not dependent on PIK3CA or SMO mutations. Gene expression profiles indicate that BCSC lin-CD49f+CD24- cells
become significantly metabolically less active in tumors. Lin-CD49f-CD24- cells appear to be more committed-pro-
genitor cells, are highly metabolically active, very proliferative and most reflect the HYPOX-GluMet status of the
tumors. BCSC are able to adapt to anaerobic and aerobic microenvironments through changes in cell numbers and
transcriptional changes. These abilities of BCSC may help ensure that tumors are able to survive under the variable
conditions encountered during progressive stages of tumor growth.
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THE PLURIPOTENCY FACTOR NANOG IS EXPRESSED IN ADULT TISSUES AND INDUCES HYPERPLASIA WHEN OVER-
EXPRESSED

Daniela Piazzollal, Adelaida R. Pallal, Marta Caﬁameroz, Gonzalo Gémez-Lépez3, Orlando Doml'nguez4, Sagrario
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NANOG is a key transcription factor for the acquisition and maintenance of embryonic stem cells pluripotency. De-
letion of Nanog in mice causes early embryonic lethality due to the absence of the epiblast and downregulation of
Nanog in both mouse and human embryonic stem cells (ESCs) predisposes cells toward differentiation. Conversely,
over-expression of NANOG renders both mouse and human ESCs cytokine- and feeder layer-independent. NANOG



has been shown to be highly expressed in the inner cell mass, in derived ESCs, in embryonic germ (EG) cells and
in embryonal carcinoma (EC) cells. Contrary to the very well-established role of NANOG in regulating embryonic
stemness, the possible function of this transcription factor in adult tissues is still unexplored. Interestingly, recent
studies have reported the expression of NANOG in some specific human tumors, suggesting that this stemness
transcription factor could also play a role in cancer.

In order to investigate the presence of NANOG in adult tissues we performed a systematic analysis of the patterns
of NANOG expression by immunohistochemistry and in situ hybridization in a variety of mouse tissues and we ex-
tended this analysis to tumors of different origins. Our data indicates that NANOG is expressed in specific mouse
tissues and tumors. These findings were further supported by the analysis of Nanog promoter methylation status.
Based on these results, we explored the functions of NANOG in adult life by characterizing a transgenic mouse
model where NANOG expression is ubiquitously inducible. We discovered that over-expression of NANOG induces
hyperplasia and dysplasia in vivo associated with hyperproliferation and increased DNA damage.

We are currently trying to dissect the molecular mechanism underlying NANOG’s ability to induce proliferation.
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P53 LOSS OF HETEROZYGOSITY OCCURS IN THE BONE MARROW AND GIVES RISE TO TUMOR INITIATING
MESENCHYMAL STEM CELLS

Yoav Shetzer, sivan kagan
Weizmann institute of science, rehovot, Israel

Cells heterozygous for p53 mutation undergo loss of the WT p53 allele by a process termed loss of heterozygosity
(p53LOH) which leads to cancer development. The aim of this study was to challenge the hypothesis that p53LOH
occurring in adult stem cells is an initiating event leading to cancer. Interestingly, p53LOH already occurred in the
bone marrow (BM) of heterozygous p53 mutant mice, where it may either involve the loss of WT or mutant p53
allele, with a preference of losing the mutant allele. However, in-vitro established mesenchymal stem cells (MSCs)
isolated from BM of heterozygous p53 adult mice, underwent exclusively WT p53LOH and were able to generate
tumors in-vivo. WT p53LOH was facilitated with age. Analysis of the gene expression profile along the LOH process
in heterozygous p53 MSCs has indicated Homologous Recombination (HR) DNA repair pathway, which is known to
be p53 transcription-independent, was up-regulated. Likewise, the expression of Smarcal, a chromatin remodeler,
was induced. Importantly, Smarcal up-regulation was observed during p53LOH process also in Mouse Embryon-
ic Fibroblasts (MEFs). Our results suggest that p53LOH process, occurring in adult stem cells such as MSCs, would
raise their risk to become tumor initiating cells.
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APOPTOSIS INDUCED BY PGC-1 IN BREAST CANCER CELLS IS MEDIATED BY MTOR PATHWAY

Libin Wangl, Yinxue Yangz, Haibing Ma?, Heng Fan?, Yongzhao Zhu?, Yaqing He?, Yukui Li?
1Ningxia Human Stem Cell Res Inst,General Hospital of Ningxia Medical university, Yinchuan, China, 2Ningxicl Hu-
man Stem Cell Res Inst, Yinchuan, China

The peroxisome proliferator-activated receptor-gamma (PPAR-gamma) coactivator-1B(PGC-1pB) is a well-established
regulator of the mitochondrial biogenesis. However, the underlying mechanism of PGC-1 action remains elusive.
This study reveals that knockdown of endogenous PGC-1B by shRNA leads to a decrease in the expression of mTOR
pathway-related genes in MDA-MB-231 cells. After knockdown of PGC-18, phosphorylation of AMP-activated pro-
tein kinase (AMPK), phosphorylation of Rictor on Thr1135, Raptor and S6 protein is inhibited. However, Akt phos-
phorylation on Ser473 is upregulated and cell apoptosis occurs. In particular, we demonstrate that the level of
PGC-1B and mTOR correlated with overall mitochondrial activity. These results provide new evidence that cell ap-
optosis is orchestrated by the balance between several signaling pathways, and that PGC-1B take part in these
events in breast cancer cells mediated by mTOR signal pathway.
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HISTONE3 LYSINE9 DI-METHYLATION AND DNA HYPOMETHYLATION DURING THE PRE-NEOPLASTIC STAGE OF
EXPERIMENTAL MOUSE GLIOMA

Monica Nistérl, Xiaobing Hel, Mohsen Karimiz, Mingqi Qul, Anna Hedrénl, Tomas J. Ekstrom?

ADepartment of Oncology Pathology, BDepartment of Clinical Neuroscience, IKarolinska Institutet, Stockholm,
Sweden

Glioblastoma is one of the most malignant human tumors. To find new strategies for therapy, we need more know-
ledge on the essential molecular changes during the early stages of glioma development. We have previously gen-
erated a transgenic mouse with forced expression of platelet-derived growth factor B (PDGFB) in astrocytic cells of
the brain and crossed these mice onto a p53null background, thereby mimicking the genotype of human secondary
glioblastoma. The hGFAPpPDGFB/Trp53 null (B+p53-/-) mice develop glioblastoma-like brain tumors at a high fre-
qguency in adulthood. The present work reveals epigenetic changes in the mouse brain tumors and in neural stem/
progenitor cells during the pre-neoplastic stage. DNA hypomethylation and elevated Histone3 Lysine9 di-methyla-
tion (H3K9Me2) were detected in the tumors by immuno-histochemical stainings. During the pre-neoplastic stage,
global DNA hypomethylation was observed in samples of the adult frontal brain lateral ventricular wall (LVW) us-
ing the Luminometric Methylation Assay (LUMA), but could not be observed in whole brain samples. Furthermore,
elevated H3K9Me?2 levels were observed in neurosphere cultures from the B+p53-/- pre-neoplastic brain but not
in wild type (WT) neurospheres using immuno-blot analysis. The H3K9Me2 level was also higher in brain tumor
spheres compared to neurospheres derived from the same mouse. We propose that epigenetically disturbed neur-
al stem/progenitor cells might be the early targets of neoplastic transformation in the brain.

W-1046
OVARIAN CANCER STEM CELLS: PREDICTOR FOR THERAPY IN ADVANCED CHEMO-RESISTANT OVARIAN CANCER.

Soma Mukhopadhyay, Prattusha Sengupta, Sudeshna Gangopadhyay, Ujjal kanti Roy, Ashis Mukhopadhyay
Netaji Subhas Chandra Bose Cancer Research Inst, Kolkata, India

Background: Invasive and mesenchymal property of Ovarian Cancer Stem Cells (OCSCs) with CD44+/CD133+ has
made them promising target for targeted treatment. Chemotherapy treatment uses medicine to weaken and des-
troy cancer cells in body, including cells at original cancer site and any cancer cell that may have spread to anoth-
er part of body. Chemotherapeutic drugs for advanced chemo-resistant ovarian cancer are yet to be well defined.
Combination of drugs is also not fully known. Our objective is to define chemotherapeutic drugs and its action in
OCSC which is the major reason for chemo-resistance in case of advanced chemo-resistant ovarian cancer patients.
Methods: A total of twenty eight biopsy proven advanced chemo-resistant ovarian cancer patients in the age group
of 22-36 years were selected randomly and tested for CD44/CD133 via flowcytometry. Isolated OCSCs were cul-
tured for ex vivo drug sensitivity towards Platinum, Anthracyclin, Docetaxel, Rapamycin, Sunitinib, Sorafenib and
Gefitinib. Correlation was drawn between cell differentiations, percentage of stem cells and drug response. Accord-
ingly chemotherapy was designed for a particular patient.

Results: We detected OCSCs in 89.3% of cases. Among positive samples ex vivo drug sensitivity was seen in 5(20%)
to Rapamycin, 1(4%) to Sunitinib, 1(4%) to Sorafenib, 1(4%) to Gefitinib, 4(16%) to Platinum, 1(4%) to Anthracyclin,
1(4%) to Docetaxel and rest showed no sensitivity to any drug.

Conclusions: Thus primary aim to target OCSCs at onset of tumors in ovarian cancer patients to control metastasis
and relapse of disease was somewhat obtained. Most interestingly, we found that the chemotherapeutic drugs
which were less prescribed for ovarian cancer showed greater sensitivity in comparison to the widely used ones.
We like to do Animal model study followed by Phase |, Il and Ill Human Clinical Trial to establish our hypothesis for
better management of chemo-resistant ovarian cancer.

Chromatin in Stem Cells
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AUTOSOMAL SPREADING OF XIST REVISITED.

Agnese Loda, Joost Gribnau
Reproduction and Development, Erasmus University Medical Centre, Rotterdam, Netherlands

In mammals, dosage compensation of sex chromosomal genes between females (XX) and males (XY) is achieved
through X chromosome inactivation (XCI). This epigenetic phenomenon involves non-coding RNAs, antisense tran-
scription and histone modifications to distinguish two genetically identical X chromosomes as active (Xa) and silent
(Xi) entities within the same nucleus. At the onset of XCl, the X-linked non-coding Xist gene is transcriptionally up-
regulated on the future Xi. Xist RNA coats the Xi in cis triggering chromosome wide transcriptional inactivation.
Although Xist is the major player of the process the molecular mechanism by which Xist RNA spreads along the
entire length of the X chromosome is an intriguing open question. Notably, many X to autosome translocations
show either inefficient Xist spreading or incomplete inactivation of the autosomal translocated material, suggest-
ing a sequence specific model for Xist spreading in cis (White et al. 1998, Popova et al. 2006). In this context, LINE
repetitive elements, which are enriched on X chromosome relative to autosomes have been implicated to confer
X-chromosome specificity (Lyon et al. 1998). Nevertheless, we hypothesize that the lack of autosomal inactivation
observed in cells with X:autosome translocations reflects negative selection against those cells in which Xist spread-
ing was efficient enough to transcriptionally inactivate the autosomal fraction of the translocation product thus
leading to lethal aneuploidy. To further investigate this hypothesis we generated (41, XX dup12) ES cell lines with
a tetracycline-responsive Xist transgene integrated on chromosome X, 12, or other autosomes. The use of poly-
morphic ES cell lines allows us to evaluate the degree of gene inactivation by performing allele specific expression
analysis. Silencing of one of the three chromosome 12’s in these (41, XX dup12) ES cell lines will not be lethal sim-
ilar to silencing of one X chromosome in female cells. This may contrast with ES cell lines harbouring transgene
integrations on other autosomes. Therefore, comparison of Xist mediated silencing in these different ES cell lines
will indicate whether aneuploidy or the LINE density explains reduced Xist spreading on autosomes.

W-1052

REACTIVATION OF X CHROMOSOME UPON REPROGRAMMING LEADS TO CHANGES IN THE REPLICATION
PATTERN AND 5hMC ACCUMULATION

Alexandra Bogomazova, Alexandra Panova, Evgueny Nekrasov, Sergey Kiselev, Maria Lagarkova
Vavilov Institute of General Genetics, Moscow, Russian Federation

Once set, the inactive status of the X chromosome in female somatic cells is preserved throughout subsequent cell
divisions. The inactive status of the X chromosome is characterized by many features, including late replication. In
contrast to induced pluripotent stem cells (iPSCs) in mice, the X chromosome in human female iPSCs usually re-
mains inactive after reprogramming of somatic cells to the pluripotent state, although recent studies point to the
possibility of reactivation of the X chromosome. Here, we demonstrated that, during reprogramming, the inactive
X chromosome can switch from asynchronous to synchronous replication, with restoration of the transcription of
previously silenced genes. This process is accompanied by accumulation of a new epigenetic mark or intermediate
of the DNA demethylation pathway, 5-hydroxymethylcytosine (5hmC), on the activated X chromosome. Our results
indicate that the active status of the X chromosome is better confirmed by synchronous replication and the re-ap-
pearance of 5hmC, rather than by appearance of histone marks of active chromatin, removal of histone marks of
inactive chromatin, or an absence of XIST coating.
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FMR1 METHYLATION DYNAMICS IN FRAGILE X AFFECTED HUMAN EMBRYONIC STEM CELL LINES



Rachel Eigesl, Michal Avitzourl, Hagar Mor-Shakedl, Shira Yanovsky-Daganl, Gheona Altarescuz, Talia EIdar-Geva3,

Ephrat Levy-Lahadz, Paul Renbaum?, Silvina Epsztejn-Litman1

Astem Cell Research Laboratory, B\edical Genetics Institute, 91%= Unit, IShaare Zedek Medical Center, Jerusalem,
Israel

Fragile X syndrome (FXS) is the most common non-chromosomal form of inherited mental retardation. It is in-
herited as an X-linked trait and is caused by a CGG trinucleotide repeat expansion (>200 CGGs) in the 5'-untrans-
lated region of the FMR1 gene. The CGG repeat region is embedded within a ~ 1.1kb intragenic CpG island (chrX:
146993092-146994200), spanning from the promoter sequence to intron 1 of FMR1. As a CpG island, this region
typically remains free of DNA methylation and is rich in histone modifications associated with transcriptional active
chromatin. Yet, expansion of repeat copy number to over 200 CGGs leads to local acquirement of aberrant DNA
methylation and repressive histone modifications by an unknown mechanism, resulting in the silencing of FMR1
gene in FXS patients.

Here we report on altogether 9 different HESC lines bearing pathologic expansions larger than 200 copies at the
FMR1 gene. This collection of undifferentiated FXS cells, which is the largest to the best of our knowledge, com-
prises 5 male and 4 female cell lines. Taking advantage of this unique set of cells, we show that aberrant CpG
methylation is already present at the 5'-end of FMR1 in the majority of FXS HESC lines (7/9), ranging from 20%
to nearly 65%, and is steady over time in culture. Methylation levels are consistently higher downstream versus
upstream to the CGG repeats, and are correlated with decrease in FMR1 mRNA levels and abnormal acquirement
of histone modifications associated with inactive chromatin. Furthermore, by characterizing methylation levels fol-
lowing in vitro (embryoid body; EB) and in vivo (teratoma) differentiation we show that methylation, when set,
can be enhanced by differentiation. This cannot be accounted for by the loss of CTCF binding next to the CGGs, as
formerly suggested, since no enrichment for CTCF is detected within this region in wild type and affected HESC lines
by chromatin immunoprecipitation experiments. Taken together, the findings of this study demonstrate that (1) ab-
errant methylation is frequently present near the CGGs in the undifferentiated state (2) differentiation enhances,
rather than triggers abnormal CpG methylation at the FMR1 locus; and (3) CTCF does not appear to be involved in
protecting the FMR1 region from heterochromatin induction during early embryo development.

Our FXS HESCs provide an exceptional opportunity to follow the dynamics of CpG methylation before complete
FMR1 gene silencing is achieved. Furthermore, on a more general level, these HESCs also comprise a powerful mod-
el system by which one may investigate how CpG islands lose protection from DNA methylation.
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CHD7 REGULATES NEUROGENIC CELL FATE DECISIONS IN MURINE HIPPOCAMPAL ADULT NEURAL STEM CELLS

Kieran M. Jonesl, Pete Scamblerz, M. Albert Basson?

1Craniofacial Development and Stem Cell Biology, King's College London, London, United Kingdom, 2Institute of
Child Health, University College London, London, United Kingdom

The adult mammalian brain possesses the remarkable capacity to generate new neurons and glia throughout life.
This process depends on the presence of neural stem cells (NSCs), which reside in two distinct regions of the foreb-
rain: the subventricular zone of the walls of the lateral ventricles, and the subgranular zone of the dentate gyrus
of the hippocampus (SGZ). Hippocampal neurogenesis has been shown to play an important role in certain types
of learning, memory formation, and pattern separation. Chromatin remodelling can engage or maintain particular
genetic programs and has been shown to play a role in the differentiation and self-renewal of embryonic and post-
natal neural precursor cells, mainly affecting the self-renewal of precursor cells. Therefore, an understanding of the
role of chromatin remodelling in adult NSCs and their progeny could provide insights into the regulation stem cell
maintenance and daughter cell differentiation.

Recently, the chromatin remodelling factor Chromodomain-helicase-DNA-binding protein 7 (CHD7) has been
shown to interact with SOX2, a NSC marker, and can also bind to regulatory regions in the vicinity of genes involved
in NSC lineage progression. Here, we show that CHD7 is expressed in MASH1+ neuronally-restricted transit-ampli-



fying cells in the SGZ niche . In vitro assays using Nestin-Cre; Chd 71oX/flox NS¢ cultures demonstrate normal growth
and normal astrocytic differentiation of Chd7-depleted NSCs, but mutant cells have an impaired capacity to form

MASH1+ cells. Using a conditional GLAST-CreER2; Chd719/floX mouse line to specifically delete Chd7 in the adult
NSC lineage and astrocytes, we show that a short-term deletion of Chd7 results in a decrease in the number of
MASH1+ transit amplifying cells and DCX+ neuroblasts, with a reciprocal increase in the number of astrocytes in
the dentate gyrus. We demonstrate that deletion of Chd7 from the adult NSC lineage also leads to a loss of NSC
guiescence in the SGZ, possibly due to loss of quiescent ques from transit-amplifying cells and altered Notch sig-
nalling. Using BrdU-labelling studies we find that after a long-term deletion of Chd7 from the adult NSC lineage
fewer DCX+ progenitors and NeuN+ differentiated neurons are formed and a greater number of GFAP+ astrocytes
are generated compared to controls. These findings suggest that the loss of NSC quiescence results in the depletion
of neurogenic potential over time.

We conclude that CHD7 is required for the generation and / or maintenance of neuronally-restricted transit amp-
lifying cells in the adult dentate gyrus, and loss of Chd7 results in astrocytic differentiation instead of neuronal dif-
ferentiation with a concurrent loss of NSC quiescence. These experiments identify a role for chromatin remodelling
in regulating daughter cell differentiation and stem cell maintenance in a neurogenic niche in the adult mammalian
brain.
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HMGN1 MODULATES NUCLEOSOME OCCUPANCY AND DNASEI HYPERSENSITIVITY AT THE CPG ISLAND
PROMOTERS OF EMBRYONIC STEM CELLS

Tao Dengl, Iris Zhul, Shaofei Zhangl, Fenfei Lengz, Srujana Cherukuril, Loren Hansenl, Leonardo Mariﬁo—Raml'rezl,

Eran Meshorer3, David Landsmanl, Michael Bustin®

INIH, Bethesda, MD, United States, 2Florida International University, Miami, FL, United States, 3The Hebrew
University of Jerusalem, Jerusalem, Israel

Chromatin structure plays a key role in gene expression and embryonic differentiation; however the factors that
determine the organization of regulatory sites in chromatin are not fully known. Here we show that HMGN1, a
nucleosome binding protein ubiquitously expressed in vertebrate cells, preferentially binds to CpG islands-contain-
ing promoters, and affects the organization of nucleosomes, DNasel hypersensitivity, and transcriptional profile of
mouse embryonic stem cells and neural progenitors. Loss of HMGN1 alters the organization of an unstable nucle-
osome at the transcription start sites, reduces the number of DNasel hypersensitive sites genome wide, and de-
creases the number of Nestin-positive neural progenitors in the SVZ region of mouse brain. Our study provides in-
sights into the mechanisms whereby an architectural nucleosome binding protein affects chromatin structure dur-
ing embryonic stem cell differentiation.
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ROLE OF NUCLEOSOME POSITIONING IN HUMAN EMBRYONIC STEM CELLS

Puya G. Yazdi, Brian Pedersen, Jared Taylor, Ping H. Wang
Medicine, University of California at Irvine, Irvine, CA, United States

Human embryonic stem cells (hESCs) hold great potential to radically alter human medicine. This potential is a res-
ult of their pluripotent potential which is a direct consequence of their epigenomic state. The nucleosome, the
fundamental repeating unit of chromatin, plays a pivotal role in influencing epigenetics by two major mechan-
isms: first by their positioning in the genome, thereby allowing access to DNA from certain transcription factors
while covering binding motifs of others; second, nucleosomes can undergo extensive post-translational modific-
ations on their histone tails, which has been demonstrated to effect transcription. In order to elucidate the role
nucleosome positioning plays in hESC biology we have generated roughly 60x fold coverage of the human gen-
ome by illumina paired-end sequencing of mnase-digested H1 embryonic stem cell mononucleosomes. Our ultra



deep sequencing has begun to demonstrate the role nucleosome positioning plays in the epigenetics of stem cells.
Our results indicate that not only are certain underlying DNA sequences enriched within a nucleosome, but that
methylated cytosines are also greatly enriched within nucleosomes. Additionally, we have also studied the associ-
ation of '5-hydroxymethylcytosine and nucleosome positioning. Finally, we have integrated chromatin state maps
with our high depth nucleosome maps, to demonstrate the relationship of nucleosome positioning within a certain
chromatin state. This has allowed us to determine the occupancy changes of nucleosomes within each state, the
fuzziness of their binding, and the distance within the genome from one nucleosome to the other.
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IDENTIFICATION OF ADULT HUMAN SOMATIC CELLS THAT CAN GENERATE ALL THREE TISSUE LINEAGES

Thea D. Tisty, Somdutta Roy
Pathology Department and UCSF Helen Diller Comprehensive Cancer Center, University of California San Francisco
Pathology, San Francisco, CA, United States

The cellular mechanisms that generate heterogeneity and the emergence of cell-cell interactions that underlies de-
velopment and the formation of functional tissues of the body are still a major mystery. Stress disrupts the status
guo of tissue homeostasis and sets in motion cellular processes that result in dynamic cellular interactions to ac-
complish wound healing. Recent work from our group has identified multiple consequences of this disruption that
range from changes in cell fate to modulation of the environmental niche. Under certain circumstances, restoration
of homeostasis and repair is achieved. Under other circumstances, these consequences collude to create a pro-tu-
morigenic niche.

Surprisingly, the abovementioned stress-induced cellular processes can also activate the ultimate program of het-
erogeneity, pluripotency. We have identified cells within human adult tissue that can acquire a pluripotent state.
These rare cells can be directly isolated from the human body and be shown to create functional derivatives of
heart, brain, bone, cartilage, gut and many more tissues. This rare subpopulation is poised to transcribe pluripo-
tency markers, Oct3/4, Sox2 and Nanog at levels similar to those measured in human embryonic stem cells and to
acquire a pluripotent state sensitive to environmental programming. In vitro, in vivo and teratoma assays demon-
strated that either a directly-sorted (uncultured) or a single cell (clonogenic) cell population from primary human
tissue has the ability to differentiate into functional derivatives of each germ layer, ectodermal, endodermal and
mesodermal. In contrast to other cells that express Oct3/4, Sox2 and Nanog, these human endogenous Plastic So-
matic cells (ePS cells) are mortal, express low telomerase activity, expand for an extensive but finite number of
population doublings, and maintain a diploid karyotype before arresting in G1. These cells may provide insights into
the origins of tissue (and tumor) heterogeneity and the dynamic cellular interactions that underlie tissue genera-
tion.
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ANALYSIS OF PROTEIN-PROTEIN INTERACTIONS USING BAC-TRANSGENIC HUMAN PLURIPOTENT STEM CELLS
AND THEIR NEURONAL PROGENY
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man3, Matthias Mannz, Philipp Kochl, Oliver Briistle!
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While contemporary approaches in cell-based disease modeling have been focusing mostly on the effects of
defined mutations on the cellular phenotype, the assessment of underlying alterations in the interactomes of
disease-relevant proteins has faced several technical challenges. First, experiments were typically conducted using



overexpression paradigms resulting in unphysiologically high protein levels and thus unspecific interactions. Se-
cond, such studies have been relying mostly on transformed cell lines, which enable mass production of cells but
do not represent a tissue-specific proteomic environment. We aimed at addressing these issues by BAC-based ex-
pression of tagged proteins in pluripotent stem cell-derived long-term self-renewing neuroepithelial stem cells (It-
NES cells), a stable and robust cell population, which generates authentic human neurons with high fidelity. Tagged
proteins were found to be expressed at endogenous levels, and FISH analyses revealed an average integration rate
of one copy per genome. Correct size and compartmentalization of the tagged proteins could be confirmed by
high-resolution live cell imaging and Western blot analysis. Employing this approach, we generated multiple cell
lines, which harbor tagged proteins exhibiting altered expression in human developmental disorders, cancer and
neurodegeneration, including PCNA, AURKA, CDK2AP1, RUVBL2, the Methyl CpG Binding Protein 2 (MECP2) and
the Alzheimer’s disease-associated proteins Nicastrin (NCSTN) and Valosin-containing protein (VCP). Using a label-
free, quantitative affinity purification-mass spectrometry approach, we identified numerous novel interaction part-
ners of these proteins. Direct comparison of the interactomes of proliferating [t-NES cells and their neuronal pro-
geny further revealed changes in the composition of several chromatin remodeling complexes, suggesting that our
system suffices to identify developmental switches in such complexes.

Pancreatic Cells
W-1063

STEM CELL BASED MODELS OF MONOGENETIC FORMS OF DIABETES

Dieter Eglil, Linshan Shang?, Haiging Hua®, Rudolph Leibel?

1NYSCF, New York Stem Cell Foundation, New York, NY, United States, ZPediatrics, Columbia University, New York,
NY, United States

All forms of diabetes are caused by an inability of beta cells in the pancreas to provide sufficient insulin in response
to elevated blood glucose levels. Stem cell models of diabetes could be useful to study the mechanisms of beta cell
failure, and to investigate how beta cell function can be restored. To determine whether stem cell derived beta cells
faithfully reflect the phenotype of a diabetic subject, we generated induced pluripotent stem cells from diabetics
carrying mutations in genes involved in beta cell function, including glucokinase (GCK) and wolframin (WFS1). We
found that beta cells derived from these stem cells reflect key aspects of the phenotype of the diabetic subject:
GCK mutant stem cell lines show a reduced ability to secrete insulin in response to glucose, while WFS1 mutant
cells are highly sensitive to endoplasmatic reticulum stress. Importantly, these phenotypes can be reverted upon
gene sequence correction by homologous recombination. Our disease models provide an entry point into studying
the effect of specific genotypes on beta cell function.

W-1064

ACTIVATION OF ADULT PANCREATIC STEM CELLS IN TYPE 1 DIABETES AND THEIR CONTRIBUTION TO B-CELL
REGENERATION

Rozita Razavi, Sarah Abdullah, Derek van der Kooy
Univ of Toronto, Toronto, ON, Canada

The contribution of pancreatic stem cells in B-cell regeneration of adult tissue has been shown in pancreatic injury
models. However, these studies have suggested the de-differentiation or trans-differentiation of adult pancreatic
cells such as ductal and acinar cells as the main source of B-cell neogenesis.

Here we show the presence and contribution of a rare pancreatic (islet) cell population under diabetic conditions
that contributes to B-cell regeneration in the adult tissue. We had previously shown that these pancreatic multi-
potent stem cells (PSCs) exist in the adult tissue and are capable of producing pancreatic and neuronal progenies
in-vitro as well as in-vivo. These cells express insulin but lack the expression of B-cell specific glucose transporter,
Glut2, or express it at very minimal levels.



We first used Streptozocin (STZ) that enters B-cells through Glut2 and destroys them, to induce diabetes in mice.
Using colonal sphere assay, we observed that the STZ-induced diabetic islets have greater numbers of PSCs that
also produce larger spheres. Moreover, the STZ-induced diabetic spheres produce more insulin+ progenies when
differentiated.

In order to test the effects of B-cell stress on PSC function, we used NOD and NOD.Scid mice that show abnormal
B-cell hyperactivity at around weaning time. At this time the autoimmune reaction starts in NOD mice, which even-
tually leads to B-cell loss and diabetes. In NOD.Scid, due to lack of immune response, only B-cell hyperactivity
but no major physiological complications such as diabetes occurs. We observed that in NOD mice the number of
PSCs significantly declines around 6 weeks of age. Since insulin is a major target for autoimmune reaction in Typel
diabetes (T1D) in NOD, and because PSCs also express insulin, this observation is expected. However, in the ab-
sence of autoreactivity and presence of B-cell stress, in NOD.Scid, similar to STZ model, the number and the size of
PSC colonies increase. NOD snd NOD.Scid PSC colonies also produce significantly higher numbers of insulin+ pro-
genies compare to the proper control strain, NOR mice.Interestingly we observed similar findings in human diabetic
samples when compared with PSCs obtained from healthy donors’ tissue.

To study the involvement of PSCs in in-vivo B-cell regeneration during diabetes, we used a doxycycline (dox) in-
duced- B-cell -specific diphtheria toxin expressing transgenic mouse model. These mice develop diabetes after 7 to
10 days of dox treatment. However, when the dox treatment ends, B-cell regeneration rescues normoglycemia in
these animals. Previous studies suggested B-cell self replication as the mechanism of regeneration in this diabetes
model. Although in these studies, insulin was used only as a mature B-cell marker, thus the possible contribution of
PSCs was ignored.

As was expected, at the onset of diabetes, the number of PSCs is significantly reduced in dox treated mice.
However, throughout the recovery, there is a significant increase in the number and size of PSC spheres that de-
clines and reaches the control level after 8 weeks. The number of insulin producing progenies from the PSC colonies
also follows the same pattern in these mice.

Collectively, our findings suggest that human and mouse diabetic PSCs are more proliferative and potent in produ-
cing insulin+ cells. Moreover, when conditions allow, the adult pancreatic stem cells’ contribution to B-cell regen-
eration can reverse diabetes.
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HUMAN PANCREATIC PROGENITOR CELLS IN 3D ORGANOID CULTURE AND GENERATION OF INSULIN-PRODUCING
CELLS

Nerys A. WiIIiamsl, Cindy IM Loomansl, Léon CA van Gurpl, Femke CAS Ringnaldal, Toshiro Satoz, Marten A. En-
gelse3, Ton J. Rabelink3, Hans Clevers!, Eelco JP de Koning?!
1Hubrecht Institute, Utrecht, Netherlands, ZDepartment of Gastroenterology, School of Medicine, Keio University,

Tokyo, Japan, 3Department of Nephrology/Clinical Islet Transplantation, Leiden University Medical centre, Leiden,
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An attractive regenerative medicine approach towards B-cell replacement therapy is the derivation of insulin-pro-
ducing cells from adult stem/progenitor cells. In the embryo, pancreatic multipotent progenitor cells (MPCs) give
rise to all cell types of the pancreas. Identification of putative human pancreatic MPCs and insight into their plasti-
city can provide important clues for generation of insulin-producing cells.

Human islet-depleted pancreatic tissue was cultured using a novel 3-dimensional (3D) Matrigel-based system. With
this system, pancreatic tissue could be expanded into complex 3D structures, henceforth referred to as ‘organoids.
Endocrine differentiation capacity of these organoids was analysed by transplantation of the organoids under the
kidney capsule of immunodeficient mice. Putative progenitors were isolated by flowcytometry using the Aldefluor

kit to detect cells with high Aldh protein expression. Differential gene expression profiles of sorted Aldhhivs. Aldh'©
fractions were obtained by microarray, and results were validated by qPCR and IHC. The colony-forming capacity of

AldhM and Aldh'® cells was determined by plating 2-200 cells/ul Matrigel.



Organoids expanded for 7 days’ culture resemble the embryonic ductal tree, with budding structures including tip-
trunk sections. Expansion can be achieved over several passages for up to 3 months. Immunohistochemical ana-

lysis shows that expanded organoids are predominantly ductal in origin (92% Ck19*), with expression of pancreatic

progenitors markers (Pdx1*, Sox9*) and pronounced proliferative activity (Ki67*) in the tip section of budding struc-
tures. Organoids transplanted under the kidney capsule of immunodeficient mice, give rise to insulin-positive cells
(<1% of transplanted tissue), demonstrating that organoids have endocrine differentiation capacity. Aldefluor stain-
ing of expanded organoids in vitro reveal a high expression of Aldh exclusively in tip cells of budding structures.

After cell sorting, clonogenic assays show 3% of AldhMi single cells initiate organoid growth, whereas Aldh'© cells
do not. Expression of genes previously described as multipotent markers of tip cells of the branching ductal tree

during embryonic development (Pdx1, Ptfla, Myc and Cpal) is 3- to 7-fold higher in Aldhh cells compared to Aldhl°
cells. At the protein level, Cpal is co-expressed with Aldh in tips, and these cells are negative for the mature acinar
marker amylase.

Our data indicate that 3D culture of human pancreatic tissue derived from the ductal compartment gives rise to
pancreatic organoids that harbour progenitor cells at the branching tips resembling pancreatic development. Taken
together with the generation of insulin-positive cells from organoids after transplantation in vivo, these data illus-
trate the potential of human postnatal pancreatic cells derived from the ductal compartment as an alternative cell
source for B-cell therapy.
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CHEMICALLY TRANSDIFFERENTIATED FIBROBLAST FROM DIABETIC PATIENTS GENERATES PANCREATIC
ENDODERM LIKE-CELLS IN VITRO AND GLUCOSE-RESPONSIVE INSULIN-SECRETING CELLS IN VIVO

Federico Pereyra-Bonnet, Maria Laura Gimeno, Nelson Argumedo, Johana Cardozo, Sung Ho Hyon, Marcelo lelpi,
Emiliana Herrero, Carla Gimenez, Marta Balzaretti, Patricia Fainstein-Day, Monica Loresi, Leon Litwak, Pablo Argibay
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Transdifferentiation of skin fibroblasts is a promising alternative for autologous replacement of pancreatic cells in
patients with type 1 diabetes (T1D). However, the existing transdifferentiation technique uses genetic modifica-
tions which encompass clinical risks. We report here the transdifferentiation of skin fibroblasts from T1D patients
into pancreatic like cells using only drug-based induction. For this goal, skin fibroblasts were extracted from two
patients with T1D and one healthy volunteer and were cultured in vitro following a sequential multistep differ-
entiation protocol including IGF1, Nicotinamide, Exe-4, ITS, B27 and glucose during 30 d. The chemically transdif-
ferentiated cells showed islet-like cluster morphology and expressed the key genes and pancreatic transcription
factor (e.g. INS, GCG, STT, PAX4, NGN3 and PDX1) detected by RT-PCR. We observed that our chemical protocol
provoked modifications on a transcriptome-wide scale by microarrays. Between 655 and 1060 genes were either
up-regulated or down-regulated by more than 2-fold in transdifferentiated cells compared to untreated cells. Some
of the up-regulated genes were directly related to the pancreatic lineage or related with chromatin remodeling as
INSIG1, NKX2.2, LOC651872, TGM2, TGF-b ligands, Nestin, BMPs and Smads, but none of them matched the typical
markers hESC demonstrating the transdifferentiation nature of our protocol. Some of the down-regulated genes
were related to the fibroblasts, such as CD34, Elastin, Filamin B, COL12A1 and COL8A1. The gqPCR analysis showed
that in transdifferentiated cells GCG and INS were up-regulated, and ASPN and MEOX2, two genes related to fibro-
blasts, were both down-regulated by more than 10-fold. PDX1 promoters were hypomethylated whereas OCT-4 and
NANOG were isomethylated, in comparison with parental fibroblasts. The immunocytochemical and Inmunolite ®
analysis detected Glucagon (in 30% of the cells) and C-peptide in in vitro transdifferentiated cells. Yet transdifferen-
tiated in vitro cells showed pancreatic gene expression and proteins, these cells did not respond to glucose stimuli,
resembling an inmature pancreatic endoderm stage. In in vivo trials, NUDE mice were transplanted intrapancre-

atically with 3-9x10° transdifferentiated cells (n=6) or PBS (Sham; n=4) and non-transdifferentiated fibroblasts as
a negative control (n=4). Fifteen days later the mice were treated with streptozotocin (STZ). Mice with implanted
transdifferentiated cells (50%; n=3) showed detectable levels of human insulin (pM<200) and no teratoma forma-
tion. Sham and 30 d fibroblast control mice did not show detectable serum levels of human insulin. Moreover, one



of the 4 mice challenged showed a human insulin-secreting glucose-responding behavior (4-fold increase), demon-
strating functionality of transdifferentiated cells in vivo. Additionally, transdifferentiated cells prevented the mice
from high glycemia peaks (p<0.006) and weight loss above 10-15%, even though diabetes was not reversed during
the 15 day monitoring phase post STZ. These findings demonstrated that using only drug-based induction could
transdifferentiated fibroblasts from T1D patients, resulting in pancreatic endoderm like-cells in vitro and respons-
ive insulin-secreting cells in vivo. This novel technique opens new possibilities for “transgenic-free” regenerative
medicine in patients with T1D and demonstrated the potential plasticity in the adult non-stem cells.
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A STEM CELL MODEL OF DIABETES DUE TO GLUCOKINASE DEFICIENCY

Haiging Hual, Linshan Shangz, Hector MartinezZ, Matthew Freebyl, Thomas Ludwigl, Liyong Dengl, Ellen Green-
berg!, Charles LeDuc!, Wendy Chung?, Robin Goland!, Rudolph Leibell, Dieter Egli2
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Loss of beta cell mass and/or beta cell function, leading to deficiency of insulin relative to metabolic need and
causes diabetes. To determine whether stem cell-derived beta cells recapitulate the cell-autonomous molecular/
cellular phenotypes of endogenous beta cells of patients with a monogenic form of diabetes, we generated in-
duced pluripotent stem cells (iPSCs) from subjects with maturity onset diabetes of the young (MODY). We have
differentiated these stem cells in vitro into beta-like cells and have also transplanted pancreatic endoderm into im-
munocompromised mice to promote the differentiation of these cells into functioning beta cells. Using homolog-
ous recombination-mediated gene targeting, we were able to correct the mutated gene sequence. We found that
these stem cell-derived beta-like cells accurately reflected beta cell phenotypes of MODY subjects, and that these
phenotypes were fully reverted upon gene correction. These cells can be used for mechanistic analyses of these
and genetic causes of diabetes.
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THE GCTM-5 EPITOPE ASSOCIATED WITH THE THE MUCIN-LIKE GLYCOPROTEIN FCGBP MARKS DUCTAL
PROGENITOR CELLS IN LIVER, ESOPHAGUS, AND PANCREAS

Alison Farleyl, David Braxtonz, Kouichi Hasegawa3, Martin F. Peral
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Previously we described a monoclonal antibody GCTM-5 that is reactive with a large glycoprotein complex present
on the surface of stem and progenitor cells of endodermal origin. There are a limited number of specific cell surface
markers for endodermal progenitor cells. Therefore, in this study we sought to characterize further the expression
of the GCTM-5 epitope in normal and diseased tissues. The antigen was strongly expressed on hepatoblasts at early
stages (7.5 weeks) of human liver development. Later in gestation, the marker was found on periportal hepato-
cytes and the ductal plate, a structure that contains a bipotential stem cell population that persists in the Canal of
Hering in the adult liver. Cells with the features of stem or progenitor cells in the ducts of the normal adult liver,
pancreas, and esophagus all stained strongly, as did precancerous cells in the esophagus (intestinal metaplasia) and
pancreas (pancreatic intraepithelial neoplasia). Submucosal gland cells of the esophagus, now regarded as a putat-
ive precursor of intestinal neoplasia, were also reactive with GCTM-5. Five out of seven cultured cell lines from pan-
creatic ductal carcinoma tested showed cell surface staining by indirect immunofluorescence and flow cytometry.
The antigen secreted or shed into the culture medium by the antigen positive pancreatic carcinoma cell lines was
not well resolved in immunoblots of conventional SDS-polyacrylamide gels, but migrated as a single diffuse band
with an apparent MR of ~850 kDa in native Coomassie polyacrylamide gel electrophoresis. The large mucin-like gly-
coprotein FCGBP represented a major component of this multiprotein complex. Immunohistochemistry on tissue
microarrays showed strong cell surface staining on 100/116 cases of pancreatic ductal carcinoma, but the antigen



was absent from most cases of colorectal, ovarian, breast or lung cancer. The GCTM-5 antigen identifies progenitor
cells in ducts within tissues of endodermal origin that are implicated in repair and neoplasia.
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PDX1 CONTROLS A GENE REGULATORY NETWORK REQUIRED FOR ESTABLISHING HUMAN PANCREATIC
ENDODERM IDENTITY
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A major goal in efforts to establish a curative diabetes therapy is to generate transplantable replacement pancreatic
beta-cells from patient-derived pluripotent cells. The first step in producing cells of the pancreatic endocrine lin-
eage from pluripotent stem cells is to establish pancreatic identity in vitro. Using a pancreatic differentiation pro-
tocol of human embryonic stem cells (hESCs) that recapitulates embryonic progression through multiple lineage
intermediates, we generated genome-wide mRNA expression profiles by RNA-seq and demonstrated that the es-
tablishment of the pancreatic endocrine lineage involves stepwise activation of pancreas-specific genes. Here, we
show that induction of the earliest pancreatic factor PDX1 at the primitive foregut stage is necessary to initiate
and promote pancreatic lineage progression. Knockdown of PDX1 with a specific shRNA triggers distinct changes in
gene expression including loss of pancreatic progenitor genes SOX9, NKX6.1, and PTF1A. Thus, much like in mouse
development, PDX1 is required for the developmental progression of human pancreatic endoderm. In addition,
genome-wide multistage studies by ChIP-seq reveal that induction of pancreatic endoderm is accompanied by pro-
gressive removal of H3K27me3 from a cluster of pancreatic endoderm genes, such as SOX9, NKX6.1 and PTF1A,
as cells transition from the primitive foregut stage to a more differentiated state. Since induction of the pancre-
atic program coincides with the loss of H3K27me3, we suggest that PDX1 may be involved in the activation of a
pancreatic-specific gene network by assisting in the establishment of an “active” chromatin landscape. This may be
facilitated by the recruitment of histone demethylases, which could remove the repressive H3K27me3 chromatin
mark. We have, thus, established a system that enables us to gain a more mechanistic understanding of pancreatic
lineage specification by identifying interactions between transcription factors and histone modifiers during this dy-
namic process.
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IN VITRO REPROGRAMMING OF ADULT PANCREATIC DUCT CELLS TO INSULIN-PRODUCING BETA CELLS BY
DEFINED TRANSCRIPTION FACTORS

Takatsugu Yamadal, Claudia Cavelti-Wederl, Lili Guol, Arun Sharmal, Weida Liz, Qiao Zhouz, Susan Bonner-Weirl,
Gordon C. Weirl
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Background: The reprogramming success of iPS cells opened the possibility of converting one mature cell type dir-
ectly into another by forced expression of transgenes. We have previously shown that injection of adenoviral vec-
tors encoding three pancreatic transcription factors, Pdx1, Ngn3 and Mafa, into mouse pancreases results in repro-
gramming of exocrine cells to insulin-producing cells in sufficient numbers to reverse diabetes. Aim: We hypothes-
ized that the cultured pancreatic duct cells (PDCs) could be reprogrammed to become insulin-producing beta cells
by forced expression of transgenes. Methods: PDCs were isolated from adult MIP-GFP transgenic mice, allowing
insulin-expressing cells to be detected by GFP fluorescence. The cultured PDCs were transfected by an adenoviral
vector carrying a polycistronic construct Ngn3/Pdx1/Mafa/mCherry (Ad-M3C) or mCherry sequence alone (Ad-C) as



a control. In addition, we examined the effect of GLP-1 receptor agonist, exendin-4 on the reprogramming. Results:
8-12% of cultured PDCs were reprogrammed to GFP-positive insulin-expressing cells by transduction of Ad-M3C.
Administration of Ad-M3C resulted in increased expression of beta cell markers insulin 1 and insulin 2, and exend-
in-4 enhanced this expression. Expression of other beta cell markers, neuroD and GLP1R, were also significantly up-
regulated in the reprogrammed cells. The total amount of insulin release into the media and insulin content in the
cells were significantly higher in the cells transduced by Ad-M3C than those by Ad-C. Furthermore, exendin-4 had a
marked effect not only on the insulin content but also on the insulin secretion of the reprogrammed cells. Ad-M3C-
transduced cells did not secrete insulin in response to increased glucose, suggesting incomplete differentiation to
beta cells. Summary: Cultured PDCs have been reprogrammed into insulin-producing beta cells by adenoviral deliv-
ery of three pancreatic transcription factors (Ngn3/Pdx1/MafA). Exendin-4 could enhance this process. This is the
first report describing in vitro direct conversion of cultured mature PDCs to generate new insulin-producing cells.
This study provides novel insights into the reprogramming of cultured PDCs to insulin-producing beta cells as the
most promissing approach for beta cell replacement therapy for diabetes.
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DEVELOPMENT OF AN EFFICIENT DIFFERENTIATION METHOD FROM IPSCS/ESCS INTO PANCREATIC EXOCRINE
LINEAGES TOWARDS NOVEL PANCREATIC DISEASE MODELS
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Human induced pluripotent stem cells (iPSCs), which take over individual patient characteristics, have the potential
to be used in the study of complex diseases that result from not only genetic but also a mixture of genetic and
environmental factors. Therefore, the work on establishment of directed differentiation methods from iPSCs/em-
bryonic stem cells (ESCs) into a variety of somatic cell types has been vigorously performed around the world. The
generation of pancreatic exocrine cells will be required for studying the disease mechanisms of acute pancreatit-
is, chronic pancreatitis, and congenital pancreatic exocrine dysfunction including Shwachman-Diamond syndrome
(SDS) and Pearson syndrome. Although some previous reports have described that pancreatic exocrine cells can be
differentiated from mouse and human iPSCs/ESCs, the efficient differentiation methods for the cell types have not
been established so far. Herein, we report the development of an efficient differentiation protocol from iPSCs/ESCs
into pancreatic exocrine lineages. We have slightly modified a previously published protocol from human iPSCs/
ESCs into pancreatic progenitor cells, and obtained the highly efficient induction (approximately 70% to 80%) of
PDX1 (+) pancreatic progenitor cells that could give rise to all pancreatic cell types including exocrine cells. Then,
high-throughput screening (HTS) of chemical compounds was performed, and we identified a small molecule that
can efficiently induce pancreatic progenitor cells into AMYLASE (+) cells at approximately 30% to 40% of induction
efficiency. The small molecule proved to act synergistically with indolactam V (a protein kinase C activator), result-
ing in the generation of approximately 50% to 60% of total cells expressing AMYLASE. These AMYLASE (+) cells in-
duced with the chemical compound expressed other pancreatic exocrine lineage markers, such as CPA1, LIPASE and
ELASTASE, and showed the synthesis and release into the culture medium of functional alpha-AMYLASE protein. In
contrast, the differentiation into pancreatic ductal cells or endocrine lineages was not significantly induced by the
small molecule treatment. Furthermore, we found that the chemical compound also induced pancreatic exocrine
lineages from mouse ESCs-derived pancreatic progenitor cells. These results suggest that our differentiation pro-
tocol with a novel chemical compound can efficiently produce pancreatic exocrine cells from mouse and human
iPSCs/ESCs, and that the exocrine cells may be used for elucidating the mechanisms of pancreatic development as
well as for creating novel in vitro disease models.
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AN ARTIFICIAL EXTRACELLULAR MATRIX PROTEIN SUPPORTS DIFFERENTIATION OF COLONY-FORMING CELLS
FROM POSTNATAL MOUSE PANCREAS INTO BETA-LIKE CELLS IN VITRO

Nadiah Ghazallil, Alborz Mahdaviz, Tao Fengl, Liang Jinl, Jasper Hsul, David A. TirreII2, Arthur D. Riggsl, Hsun
Teresa Kul
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Pancreatic stem and progenitor cells are potential sources for producing unlimited insulin-expressing beta cells to
treat type 1 diabetes. In our previous studies, we established two pancreatic colony assays; one contains Matrigel,
and the other an artificial extracellular matrix (ECM) protein containing a laminin-IKVAV sequence (termed laminin
hydrogel). These colony assays allow quantitative and functional assessment of colony-forming cells isolated from
adult murine pancreas, which we found to contain cells capable of self-renewal and differentiation into beta-like
cells in vitro. The purpose of the current study is to determine whether postnatal pancreas also contains colony-
forming cells, and whether the laminin-IKVAV sequence in the laminin hydrogel is necessary for their biological
functions. Postnatal pancreas (1 week old) was dissociated into single cell suspension by collagenase B and DNase
| and plated into methylcellulose semisolid media containing either 1) Matrigel, 2) laminin hydrogel, or 3) a protein
hydrogel with a control scrambled sequence. We found that one week after plating, approximately 2.5, 1.3 or 1.5%
of plated cells gave rise to colonies in the presence of laminin hydrogel, scrambled hydrogel or Matrigel, respect-
ively. Cells supported by both types of hydrogel proteins expressed higher levels of endocrine and acinar markers,
whereas those supported by Matrigel had higher ductal gene expression. Laminin hydrogel further enhanced ex-
pression of insulin genes compared to the scramble control. Cultures supported by laminin hydrogel, scramble con-
trol or Matrigel contained approximately 12, 6 or 1% C-peptide+ (a surrogate marker for insulin) cells, respectively,
as determined by flow cytometry analysis. Individually handpicked colonies (n=6 from each group) developed from
cultures containing laminin hydrogel but not other ECM proteins expressed higher level of Insulin2 gene by micro-
fluidic qRT-PCR analysis. These colonies were C-Peptide positive as determined by whole-mount immunostaining.
When challenged with high concentrations of D-glucose, laminin hydrogel-supported colonies were able to secrete
C-Peptide into culture media. In summary, these results demonstrate that laminin hydrogel and Matrigel have op-
posing effects on cell lineage differentiation, and laminin-IKVAV sequence is necessary to support the development
of insulin-secreting beta-like cells in vitro. These results identify postnatal pancreas as a potential source of beta-
cell progenitor cells that could further be explored for regenerative medicine.
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CLONAL HETEROGENEITY WITHIN THE EXOCRINE PANCREAS

Damian Wollny, Xiaokang Lun, Ana Martin-Villalba
German Cancer Research Center (DKFZ), Heidelberg, Germany

The pancreas consists of two functional units: the hormone producing endocrine system and the digestive enzyme
producing exocrine pancreas. Much effort has been made to investigate if the endocrine system is organized hier-
archically. However the progress made in the past decade concluded that the endocrine system is not organized in
a hierarchical way and that all beta cells contribute equally to growth and maintenance. If this is also the case for
the exocrine pancreas remains elusive. Here we use multicolor lineage tracing to study the clonal contribution of
cells within the acinar cell population, the major compartment of the exocrine pancreas. While examining potential
progenitor populations we find substantial differences in the proliferation dynamics of single clones among acinar
cells. As a complementary in vitro approach to assess clonal heterogeneity, we examine the organoid-forming ca-
pacity of these cells. In this assay, we identified a unique subpopulation of acinar cells with the ability to give rise
to organoids. Thus, although the acinar population, similarly to the beta cells among the endocrine cells, is often
considered as a homogeneous population we find clonally heterogeneous contribution to growth and maintenance
of pancreas homeostasis. Furthermore these data challenge the perception of the pancreas as a quiescent organ.



Liver Cells
W-1081
HUMAN PARTHENOGENETIC STEM CELL-DERIVED HEPATOCYTES CORRECT SERUM BILIRUBIN IN GUNN RATS

Larissa Agapova, Alina Ostrowska, Trudy Christiansen-Weber, Tiffany Chu, Ruslan Semechkin
ISCO, Carlsbad, CA, United States

Human liver cell transplantation trials are hampered by the shortage of donor tissue therefore different type of
stem cells are being investigated for their potential use in regenerative therapy. Hepatocyte-like cells (HLC) derived
from human parthenogenetic stem cells (hpSC) might constitute an easily available source to obtain the large num-
bers of transplantable cells to treat liver-based inborn errors of metabolism. Here we demonstrate that after the
optimized endodermal differentiation in vitro hpSC reaggregate and grow into HLC that are developmentally imma-
ture hepatocytes, similar in expression profile to fetal liver cells. Differentiated HLC were characterized by immun-
ostaining, quantitative RT-PCR, biochemical function (LC/MS, ELISA, bioluminescent assays) and in vivo analyses.
Hepatocyte phenotype of the obtained cells, was evidenced by demonstrating the enzymatic activity of phase |
drug metabolizing enzymes, glycogen storing and the presence of liver-specific proteins, such as albumin, alpha-
fetoprotein, alpha 1-antitrypsin and coagulation factors. To evaluate engraftment potential and functional repop-
ulation in vivo, we have treated juvenile Gunn rats (a well established model of Crigler-Najjar disease) by a single
intrasplenic injection with 10x106 of HLC, pre-labeled with CFSE. A histological post-surgery examination revealed
normal appearance of engrafted cells which continued to have hepatic features. Most importantly, we demon-
strated a significant decrease and long-term stabilization of bilirubin levels in the serum of tested animals in com-
parison with sham-treated controls. In immunosuppressed animals receiving therapeutic doses of HLC, serum in-
direct bilirubin declined significantly throughout the 19th week observation period. Multiple engrafted cells were
observed in the periportal regions of the liver lobules. Many fluorescent cells were also clustered in small groups
predominantly around the central veins. Moreover, at four months following treatment no adverse safety signals
were detected. The overall liver structure of all tested rats appeared undamaged and no inflammation, tumorigen-
icity, or apparent rejection signs were observed. In summary, we demonstrated substantial grafting of inoculated
hepatocyte-like cells in the recipient Gunn rats within 4 months which was associated with significant and stable
reductions of serum bilirubin levels. The data strongly indicate the potential of parthenote-derived hepatocytes as
an easily available source to obtain a large number of transplantable cells for regenerative treatments of metabolic
liver diseases including Crigler-Najjar syndrome.
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PROLIFERATION IS INDEPENDENT OF MATURATION DURING THE DIFFERENTIATION OF HUMAN EMBRYONIC
STEM CELLS TOWARDS HEPATOCYTES

Changjun Zeng, Benjamin Tschudy-Seney, Xiaocui Ma, Tia Hackett, Wei Gao, Ahmad Hasan, Yuyou Duan
Internal Medicine, University of California Davis Medical Center, Sacramento, CA, United States

Adult hepatocytes lack the capacity to proliferate in vitro; this hinders their use including hepatocyte-dependent
drug discovery and development. Human embryonic stem cells (hESC) are a potential source to generate viable,
functioning hepatocytes for clinical application and pharmaceutical use. In this study, we attempted to determine
how hESC-derived hepatocytes (hDH) proliferate during differentiation and maturation. hESC lines, H9 and ESI017,
were differentiated towards hepatocytes under our established differentiation protocol. hESC was induced to defin-
itive endoderm (DE), then DE were further differentiated towards hepatocytes for 15 days under differentiation
medium, and for an additional 21 days with maturation medium. The differentiated cells were counted every other
day from day 2 after the initiation of differentiation. In addition, cDNA was generated after RNA was extracted from
the counted cells, and supernatant was collected at all time points. Cell counting showed that the cell proliferation
peak appeared at day 8 after starting differentiation for both H9 and ESIO17 lines, and this proliferation peak was
not concentration-dependent. The total cell numbers showed a slight decrease every other day after the medium



was changed for maturation. gPCR results showed that the highest expression of alpha fetoprotein (AFP, immature
marker) was between days 12-14, then its expression continued to decrease to the end of the time course. The
expression of albumin (ALB, more mature marker) increased continuously to the highest peak at day 30. ELISA res-
ults showed that AFP in the medium was highest at day 14 then continued to go down until day 30, and ALB in the
medium was detected from day 12 and continued to go up until day 30. These results indicated that the cells were
differentiated at day 14, and were more matureat day 30 under our differentiation conditions. We changed our dif-
ferentiation conditions by employing differentiation medium for the entire time-course or by changing maturation
medium from day 8 instead of day 15. Although qPCR results showed that gene expression patterns were changed,
the cells did not show proliferation after day 8 of the changed conditions. Expression of Ki67 and PCNA decreased
after the differentiation started from DE, with the relative expression levels of Ki67 and PCNA being only 20% as
high at day 8 when compared to day 2. This suggested that the proliferation is independent of the differentiation
and maturation of hESC towards hepatocytes. Importantly, even though the cells do not proliferate after day 8, this
never affected their function at later time points. During the non-proliferation period (days 9 to 30), hDH produced
100 ug ALB in the medium as determined by ELISA, showed a functioning biotransformation system as determined
by the cellular uptake and excretion of Indocyanine Green, developed full metabolic function as determined by the
metabolic profiling of the drug bufurarol, and could engraft and proliferate in livers after transplantation into im-
munodeficient mice. The relationship between telomere length change and cell proliferation is under investigation.
Thus, our results help enhance our understanding of stem cell derivatives and their use, and also play an important
role in developing optimal cryopreservation timing for hESC-derived hepatocytes.
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HEPATIC DIFFERENTIATION OF SIMIAN IPSCS: A TOOL FOR CELL THERAPY APPLICATIONS

Clara Steichenl, Soumeya Abedz, Sébastien Corbineaul, Stany Chrétienz, Anne Weberl, Philippe Leboulchz, Leila
Maouche-ChrétienZ, Anne Dubart-Kupperschmitt1
Iinserm U972, Villejuif, France, 2Inserm U962/CEA/IMETI, Fontenay aux Roses, France

Pluripotent stem cell based therapy carries great potential in the treatment of liver disease. Indeed, stem cell-de-
rived hepatocyte transplantation represents an alternative to orthotopic liver transplantation, which is limited by
the lack of donor and the difficulty to expand hepatocytes in vitro. However, before any clinical application, the
safety, efficacy and feasibility of this therapeutic approach has to be established in large animal models, includ-
ing nonhuman primates, who are physiologically and phylogenetically very close to human. The aim of this work
is to demonstrate that autologous simian iPSCs differentiated into hepatocytes are capable of integrating into the
liver parenchyma of non-human primates with a sufficient degree of chimerism and functionality. However, des-
pite the fact that many protocols already exist describing the differentiation of human pluripotent stem cells into
hepatocyte-like cells, they cannot be directly transferred to monkey ESCs or iPSCs and little is known about the
hepatocyte differentiation potential of these cells. A few protocols are already described, but the fonctionallity of
simian-hepatocytes like cells in vitro is poorly studied, and their engraftment has not been evaluated yet.

We first generated iPSC lines from primary fibroblasts and bone marrow mesenchymal stem cells of Macaca fas-
cicularis (cynomolgus). We used RT-PCR, flow cytometry and immunofluorescence assays to confirm the expression
of the pluripotent endogenous genes OCT3/4, NANOG, SOX2, KLF4, Myc and SSEA4. Intramuscular injection of cy-
iPSCs into immunocompromized mice induced the development of teratomas containing tissues of the three germ
layers, validating the pluripotency of the cy-iPSCs. The next step was to differentiate these cy-iPSCs into hepatic
progenitor cells and hepatocytes and to characterize them in vitro for their phenotype markers and hepatic func-
tions. We have set up chemically defined conditions devoid of serum, to efficiently differentiate cy-iPSCs into endo-
dermal cells showing the expression of specific combination of markers such as SOX17, GATA4, HNF3f3 and CXCR4.
These cells have been differentiated into hepatic specified endoderm showing the expression of liver specific mark-
ers such as AFP and HNF4a. We are currently defining conditions to further differentiate these cells into hepatic
progenitors and more mature hepatocyte-like cells. Specific liver functions such as albumine secretion, glycogene
storage and cytochrome P450 induction capacity will be evaluated.



Given the strong expertise of our surgeon team who already defined protocols to perform efficient hepatocyte en-
graftment into nonhuman primates, this work should offer a proof-of-concept of autologous stem cell derived hep-
atocyte transplantation into nonhuman primates and an accurate model to evaluate the therapeutic efficacy and
safety of this approach in human patients.
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SOX9 POSITIVE CELLS OF THE BILE DUCTS- A PROMISING TARGET FOR MAKING BETA CELLS FOR CELL THERAPY OF TYPE1
DIABETES PATIENTS

Anannya Banga, Ying Yang, Lucas Greder, James Dutton, Jonathan MW Slack
Genetics Cell Biology and Development, University of Minnesota, Minneapolis, MN, United States

We have investigated the reprogramming towards a beta cell phenotype of various developmentally related cell types, using
the gene combination Pdx1 + Ngn3 + MafA separated by 2A peptides in an adenoviral construct (Ad-PNM). We found that
hepatocytes are refractory and cannot be permanently reprogramed towards a beta cell state. But we have shown for the first
time that Ad-PNM can uniquely target a progenitor population in the liver and reprogram them into insulin secreting ducts,
expressing various markers of beta cells. We have identified this progenitor population as SOX9-positive population of cells
residing in the biliary tract, those of which can be reprogramed to insulin secreting ductal structures and can rescue diabetes
in mice long term. SOX9 positive progenitor cells are known to serve as a common progenitor compartment for the intestine,
pancreas and liver, thus being more developmentally related is believed to possess a more open chromatin at the beta cell
genes and can be considered as a promising target for making the desired cells for cell therapy of Typel Diabetes. Hence-
forth we have discovered the potential of developmentally related SOX9 positive cells of the bile ducts towards attaining a
beta cell fate which opened up new interests to make future beta cells from this progenitor population, thereby overcoming
the constraints of using ES or iPS cells. Isolation of the SOX9 positive cells from the bile ducts in the liver using SOX9CreERT2
mice showed that they are a distinct population of epithelial cells, expressing ECAD and SOX9 but not EpCAM, a marker for
liver stem cells. These epithelial cells can be isolated in culture from the digested liver as green GFP labeled balls and can be
infected with the beta cell transcription factors in vitro to attain a beta cell fate. These cells upon reprograming invitro are
found to express an array of beta cell markers along with insulin secretion in response to glucose. Ductal progenitor cells in
adult pancreatic ducts and its ability to make beta like cells has been described long time back but its presence in the liver will
make it relatively easy to isolate those cells by a small liver biopsy. We henceforth believe that SOX9 positive cells of the bile
ducts as novel alternative cell type for making beta cells and holds enormous possibilities for generating autologous human
beta cells for transplantation therapy.
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VEGFR2/KDR IDENTIFIES A HUMAN MESENCHYMAL HEPATIC PROGENITOR AND INSTRUCTS EARLY LIVER DEVELOPMENT

Orit Goldmanl, marion Sourisseaul, Noelle Dziedzicl, Corneo Barbaraz, Sunita D'Souzal, Matthew Evansl, Valerie Gouon-

Evans1

Imount sinai school of medicine, new york, NY, United States, 22Neural Stem Cell Institute, Rensselaer, NY, United States

The capacity of embryonic stem cells (ESC) to form hepatocyte-like cells (hepatic cells) in culture provides a unique model
system for liver developmental studies and the generation of transplantable cells for cell therapies to overcome the shortage
of liver donors. Using human ESC lines, we have established conditions for efficient endoderm development assessed by the
co-expression of CXCR4 and cKit. Isolated day5 CXCR4+cKit+ endoderm cells were further cultured in hepatic conditions. In
order to examine the emergence of potential endothelial cells in hepatic cultures, previously shown to support hepatic dif-
ferentiation (Han et al., Stem Cells, 2011), expression for endothelial markers VEGFR2 (KDR) and PECAM-1 (CD31) were mon-
itored. Based on CD31 and KDR expression, three populations emerged sequentially: first the KDR+CD31- (K+C-) pre-hepatic
cells negative for AFP protein (~50% at day 12), then the KDR+CD31+ (K+C+) endothelial cells (~5% at day12), and lastly the
KDR-CD31- (K-C-) hepatic cells expressing AFP protein (~50% at day12).

Gene expression analyses by gPCR showed that K-C- and K+C- populations expressed equal transcript levels of the ventral en-
doderm marker GATA4 and the epithelial hepatic marker CK18. However, levels of the endoderm and hepatic markers FOXA2,
AFP and Albumin were higher in K-C- cells compared to those in K+C- cells, suggesting that K+C- cells progressed to an inter-
mediate hepatic fate. Interestingly, levels for the mesenchymal markers Vimentin and Snaill were always higher in K+C- cells
compared to those in K-C- cells and inversely correlated with levels of the epithelial marker E-Cadherin, compatible with a
more mesenchymal phenotype of K+C- cells.

To determine whether the pre-hepatic K+C- cells represent a progenitor for the hepatic K-C- cells, hepatic potential was ex-
amined in a three-dimensional aggregate culture that favors maturation. In aggregates, virtually all K+C- cells expressed AFP
protein, defining the K+C- cells as hepatic progenitors for the K-C- hepatic cells. To demonstrate the functionality of the hu-
man K+C- progenitors following further hepatic specification and maturation, we exploited the well-established ability of the
hepatitis C virus (HCV) to infect specifically hepatocytes. This functional study revealed that K+C- progenitors supported re-



latively weak HCV replication as expected, yet this improved (40-fold) after further hepatic specification and mat-
uration, to levels comparable to the K-C- hepatic cells and even the best-case Huh-7.5 hepatoma cell line.
Co-culture assays between the K-C- and K+C- populations demonstrated that K+C- cells constitute not only a pool
of hepatic progenitors, but also a supportive niche in promoting hepatic specification and maturation of the K-C-
hepatic cells. Blocking KDR function or an antibody or small molecules dramatically reduced Albumin transcript
levels in K-C- hepatic cells. Induction of hepatic maturation (Albumin expression) was mostly mediated in a non-cell
autonomous manner through KDR signaling expressed on the K+C- progenitors.

This study reveals that VEGFR2/KDR, previously thought to be restricted to mesodermal derivatives, is actually a
marker for a mesenchymal endoderm-derived hepatic progenitor, and is also a functional receptor instructing early
human liver development.
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AN IN VIVO LINEAGE TRACING STUDY IDENTIFIES AN UNEXPECTED FLK-1 EXPRESSING HEPATIC PROGENITOR

Songyan Hanl, Noelle Dziezdicl, Alice Bourdonl, Thomas Satoz, Valerie Gouon-Evans?
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mental and Regenerative Biology, Nara Institute of Science and Technology, Nara, Japan

Complex cell-cell communication between endoderm and the microenvironment is required for proper liver devel-
opment. FGF and BMP signaling from the cardiac mesoderm and the septum transversum, respectively, instructs
hepatic specification of the adjacent ventral endoderm. Endothelial cells form a necklace around the specified hep-
atic endoderm and promote hepatoblast expansion. Using the mouse embryonic stem cell (ESC) differentiation sys-
tem, we have recently demonstrated that endothelial cells are not only required for hepatic cell expansion, but are
also required earlier for the hepatic specification of endoderm by dual repression of Wnt and Notch signaling [Han
et al, Stem Cells, 2011].

In the attempt to track the emergence of endothelial cells in mouse ESC hepatic differentiation cultures, we ex-
amined expression for the early endothelial marker Flk-1 (VEGFR2, KDR) as well as the endoderm marker Foxa2.
For this purpose, we used a reporter ESC line allowing us to isolate progenitors for endoderm based on brachyury
and Foxa2 expression. Upon hepatic specification of isolated endoderm progenitors, two main populations consist-
ing of a Foxa2+Flk-1- hepatic fraction and a Foxa2-Flk-1+ endothelial fraction developed. Surprisingly, a transient
Foxa2+Flk1+ population also emerged and displayed bipotential hepatic and endothelial fates following further cul-
ture. This in vitro study suggested the existence of an unexpected endoderm-derived hepatic progenitor expressing
the mesodermal marker Flk-1. Indeed, Flk-1 expression was thought to be restricted to mesodermal derivatives in-
cluding endothelial, hematopoietic, cardiac and skeletal muscle precursors.

In order to provide an in vivo evidence for the existence of a Flk-1 expressing hepatic progenitor, mouse embryos
from E8.0 (prior to hepatic specification), E9.5 (liver bud stage) and E13.5 (fetal livers) were examined for Flk-1
and the endoderm marker Foxa2 expression by immunohistochemistry. Scattered Flk-1+Foxa2+ cells were detected
in endoderm and were strictly found in E8.0 embryos prior to hepatic specification. To demonstrate the hepatic
fate of the Flk-1+Foxa2+ endoderm cells, an in vivo lineage tracing mouse model was analyzed in which all Flk-1
expressing cells as well as their progeny were labeled genetically. This mouse model expresses YFP under the ubi-
quitous Rosa26 locus specifically in Flk-1+ cells and progeny of Flk-1+ cells (Cre-Flk-1 x Rosa26-LoxpSTOPLoxpYFP).
By tracking the YFP+ cells in developing fetal livers (E13.5), we determined that out of 36 fetal livers analyzed, all of
them were consistently constituted with between 30% to 50% of YFP+ hepatoblasts that were derived from a Flk-1
progenitor. In turn, the YFP+ hepatoblasts gave rise to a subset of YFP+ adult hepatocytes based on albumin and
HNF4a expression, as well as YFP+ cholangiocytes based on CK19 and Sox9 expression.

Altogether, this lineage tracing study provides for the first time the in vivo proof for the existence of an unexpected
endoderm-derived hepatic progenitor expressing the mesodermal marker Flk-1.
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THE IDENTIFIATION OF CANCER STEM CELL MARKER IN HEPATITIS B VIRUS INFECTED PRIMARY HEPATOCYTE
CELLS

YEN SHUN CHEN, KUAN WANG
Institute of Biological Chemistry, Taipei, Taiwan

The liver cirrhosis and hepatocellular carcinoma (HCC) disease is ranking as the third leading cause of cancer-re-
lated death and the fifth most common solid cancer in the worldwide. Several lines of evidence implicate HCC is
correlated with the infection of hepatitis B virus (HBV) that activate and deregulate multiple signaling transduction
pathways in hepatocarcinogenesis. The cancer stem cell (CSC) has been demonstrated in tumor progression, tumor
resistance to chemo/radiation therapy and tumor relapse in HCC patients. It’s important to elucidate the roles of
putative target genes/proteins that should be taken into consideration when designing therapeutic strategies for

HCC in the HBV infected liver. We investigated the signaling pathway of HNF-4alpha, EpCAM, CD13, CD44%, CD90",
CD133, Wnt/B-catenin, TGF-B, Notch and Hedgehog in the HBV infected live by the techniques of RT-PCR, flow cyto-
metry and confocal microscopy. Here we provide a brief view of molecular signaling in CSCs related marker protein
and present insights into new therapeutic strategies for targeting HBV-infected HCC.
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REGULATION OF CYTOCHROME P450 3A11 EXPRESSION IN MOUSE HEPATIC PROGENITOR CELLS BY BCL-6
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1Laboratory of Stem Cell Therapy, Institute of Innovative of Science and Technology, Tokai University, Isehara, Japan,

2Division of Stem Cell Therapy, Center for Stem Cell and Regenerative Medicine, The Institute of Medical Science,
The University of Tokyo, Chiyoda-ku, Japan

[Background]

Adult liver is a central organ for intermediary metabolism, in particular detoxification. Hepatocytes are major par-
enchymal cell type of the liver and express several metabolic genes. Many human hepatocytes are needed in re-
generative medicine for severe liver diseases and analyses of drug metabolism. However, proliferation of mature
hepatocytes in vitro is difficult in spite of their high regenerative capacity in vivo. Differentiation of highly proliferat-
ive hepatic progenitor cells to mature hepatocytes after expansion might provide a method to obtain large quant-
ities of functional hepatic cells.

[Objective]

For effective maturation of hepatoblasts, fetal hepatic progenitor cells, into mature hepatocytes in vitro, we ana-
lyzed transcription factors regulating hepatic functional genes.

[Methods]

To search the candidate genes regulating hepatic differentiation, expression micro array analyses were performed
in both adult hepatocytes and embryonic day 13 (E13) hepatoblasts. We considered genes whose expression levels
were higher in adult hepatocytes than E13 hepatoblasts as the candidates. These genes were overexpressed using
retovirus vectors in the culture system, which induced maturation of hepatoblasts by the addition of oncostatin M
and extracellular matrices.

[Results]

We found several transcriptional and nuclear factors were highly expressed in mature hepatocytes but not E13
hepatoblasts. One of these candidate factors was B cell lymphoma (Bcl) 6. Overexpression of Bcl-6 increased ex-
pression of cytochrome P450 (CYP) 3A11, the important drug detoxification enzyme, in E13 hepatoblasts culture.
In contrast, other detoxification enzymes (CYP2B10, CYP3A16, CYP7A1) and metabolic genes (tyrosine aminotrans-
ferase and carbamoylphosphate synthetase) were not up-regulated by overexpression of Bcl-6. Moreover, expres-
sion of transcriptional factors important in liver development such as hepatic nuclear factor 4a and 3 also weren’t
changed by overexpressed Bcl-6. These results suggested that Bcl-6 directly regulated expression of CYP3A11 in
hepatic cells. Bcl-6 is a transcription factor consisting of C2H2 type Zinc finger and BTB/POZ domains. Therefore,



we analyzed the Bcl-6 effect on the CYP3A11 promoter using luciferase assay system. As a result, overexpression of
Bcl-6 increased CYP3A11 reporter activity through the region from -1725 to -1523.

[Conclusions]

The present study suggests that Bcl-6 is a new regulator of mature hepatic function through the transcriptional reg-
ulation of CYP3A11.
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CHARACTERIZATION OF LIVER ORGANOID TISSUES COMPOSED OF MURINE HEPATIC PROGENITOR CELLS AND
FIBROBLASTS IN DENSE COLLAGEN FIBRILS
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Hepatic stem/progenitor cell is one of the promising cell-sources to restore liver mass and its functions. Although
hepatic progenitor cells (HPC), such as oval cells, are induced by the administration of some hepatotoxins in exper-
imental animals, such strategy should be inappropriate for the clinical setting. In recent, we succeeded to establish
and long-culture HPC clones from non-parenchymal cell fraction of portal branch ligated lobes, PBL-HPCs, in mice.
In this study, using the PBL-HPCs liver organoid tissues were tried to be reconstructed in an originally designed
bioreactor system. The liver organoid tissue was investigated about transplantation into partially hepatectomized
BALB/cA-nu/nu mice.

We succeeded to reconstruct the liver organoid tissues model using a HPCs, embryonic fibroblast, and collagen. The
PBL-HPCs acquired the metabolic functions of detoxifying ammonium ions and urea synthesis in the presence of
oncostatin M. Several liver-specific gene expressions, such as tryptophan 2,3-Dioxygenase were strongly detected
in this system compared to that in the 2D-culture. We have found that angiogenesis was induced by transplantation
of liver organoid tissues to the liver organoid tissues and surrounded tissue. A novel approach was demonstrated to
generate transplantable liver organoid tissues with condensed collagen fibrils matrix. Based on the sufficient vascu-
lar support for the transplanted liver organoid tissues, we expect that it was established a local vascular network at
the transplantation site would allow nutrient and gas transport to the grafted liver organoid tissues, and this would
reduce graft loss. These results provide future avenues for the potential use of PBL-HPCs in the treatment of liver
disease.
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LONG-TERM CULTURE OF HEPATOBLAST-LIKE CELLS DERIVED FROM HUMAN PLURIPOTENT STEM CELLS
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1Laboratory of Biochemistry and Molecular Biology, Graduate School of Pharmaceutical Sciences, Osaka University,
Suita, Japan, ZLaboratory of Stem Cell Regulation, National Institute of Biomedical Innovation, Ibaraki, Japan

Hepatoblasts have ability to differentiate into both hepatic and biliary lineages, and to self-replicate. The estab-
lishment of self-renewing hepatoblast-like cells (HBC) from human embryonic stem (ES) cells and induced pluripo-
tent stem (iPS) cells would lead to a stable supply of the hepatocyte-like cells for medical application such as drug
screening and liver cell transplantation. Although we have previously demonstrated that almost homogeneous HBC
population could be generated from human ES/iPS cells (J Hepatol. 2012 Sep;57(3):628-36.), the functional char-
acterization of human ES/iPS cell-derived HBC was still not enough. The human ES/iPS cell-derived HBC was main-
tained under the appropriate conditions. The expanded human ES/iPS cell-derived HBCs were epithelial cell adhe-
sion molecule+, CD133+, alpha-1-fetoprotein+, albumin+, cytokeratin (CK) 7+, and CK19+. The human ES/iPS cell-
derived HBC could differentiate into both the hepatocyte-like cells in presence of hepatocyte growth factor, oncost-



atin M, and dexamethasone, and the cholangiocyte-like cells in presence of epidermal growth factor and insulin-
like growth factor 2. The human ES/iPS cell-derived HBC were maintained for more than 3 months. In addition, the
human ES/iPS cell-derived HBC have potential to integrate into the liver parenchyma of immunodeficient mice that
are damaged by carbon tetrachloride treatment. These results indicated that functional hepatoblasts could be gen-
erated from human ES/iPS cells, and they could be maintained in long-term culture. The expandable human ES/iPS
cell-derived HBC might be manageable tools for drug screening, experimental platforms to elucidate mechanisms
of hepatoblasts, cell source for human ES/iPS cell-based hepatic regenerative therapy.
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SEMI QUANTITATIVE ASSAY OF CYP3A4 EXPRESSION ALLOWS THE IDENTIFICATION AND SELECTION OF MATURE
HUMAN STEM CELL DERIVED HEPATOCYTES
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One of the pitfalls of many pluripotent stem cell differentiation protocols is the extremely poor efficiency of pro-
ducing mature hepatocytes. The cytochrome P450 3A (CYP3A) subfamily of enzymes is the most predominant in
the human liver. In the fetal liver CYP3A7 is the predominant isoform, whereas there is an almost exclusive shift to
the CYP3A4 isoform in the adult liver. Furthermore, CYP3A4 is responsible for the metabolism of half of the phar-
maceuticals currently available, as well as playing a central role in steroid homeostasis. Most published stem cell
differentiation reports demonstrate CPY3A7 expression, but little to no CYP3A4 expression or activity, indicating
the lack of maturity of the hepatocyte-like cells being studied. In an effort to address this problem, we generated
a human embryonic stem cell (hESC) reporter line containing a humanized version of the beta-lactamase report-
er gene (hBLA) targeted to the 3’ untranslated region of the CYP3A4 locus. We show the use of this cell line as a
semi-quantitative tool for analyzing the expression of CYP3A4 in individual cells and for the selection of mature
hepatocytes by fluorescence activated cell sorting. We demonstrate that this assay can be used to monitor the in-
duction of CYP3A4, its expression level over time, and to measure experimental effects on the maturation of hep-
atocytes. Using an optimized protocol for the differentiation of hepatocyte-like cells, we demonstrate CYP3A4-hBLA
expression in 25-40% of the unsorted differentiated cell population. Furthermore these cells show expected adult
responses: 1) rifampicin induction, 2) metabolism of known CYP3A4 substrates, 3) albumin production and 4) phase
Il enzyme activities. Sorted CYP3A4-hBLA cells express levels of CYP3A4 mRNA approaching that in human adult
liver on a per cell basis. These data suggest that these cells have many of the functional properties of mature hep-
atocytes. This system allows us to measure the expression of CYP3A4-hBLA on a per cell basis in response to exper-
imental conditions, and treatments with drugs, and corroborate those data with cytochromes P450 enzyme activit-
ies, Phase Il enzyme activities, and secretion of hepatic factors, such as albumin and urea. These multiple functional
analyses provide a powerful system to evaluate the effects of test compounds on CYP3A4 expression and hepato-
cyte function, offering a valuable aid for assessing potential drug candidates for toxicity.
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COMPARATIVE ANALYSIS OF TRANSPLANTATION EFFICACY OF HUMAN IPS CELL-DERIVED HEPATIC CELLS AT
VARIOUS DIFFERENTIATION STAGES IN MICE

Yasuhito Nagamotol, Kazuo Takayamal, Katsuhisa Tashiroz, Chise Tateno3, Fuminori Sakurail, Masashi Tachibanal,
Keniji Kawabata?2, Kazuo Ikeda?, Yasuhito Tanaka>, Hiroyuki Mizuguch1

1osaka university, Osaka, Japan, 2National Institute of Biomedical Innovation, Osaka, Japan, 3pPhoenixBio Co. Ltd.,
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Human liver chimeric mice were typically produced by transplanting cryopreserved human hepatocytes into
urokinase-type plasminogen activator-transgenic SCID mice (uPA/SCID mice), which are immunodeficient and un-
dergo liver failure. Human hepatocytes transplanted into this model can repopulate the mice host liver, frequently
replacing over 70% of the native liver with human hepatocytes. Recently, researchers have shown that these mice
models are applicable for studies of hepatitis virus biology and human drug metabolism. However, human cryop-
reserved hepatocytes have disadvantages in the limit of their sources, costs and inability of genetic modification.
Because hepatocyte-like cells differentiated from human induced pluripotent stem cells (iPS cells) have potential
to resolve these problems, they are expected to apply for generation of human liver chimeric mice. We have es-
tablished the efficient method for hepatic differentiation from human iPS cells by sequential transduction of fork-
head box A2 (FOXA2) and hepatocyte nuclear factor 1 homeobox A (HNFla) using adenovirus vector (J Hepatol.
2012 Sep;57(3):628-36.). The human iPS cell-derived hepatocyte-like cells expressed the similar gene expression
levels of hepatocyte-related markers, such as CAR, CYP3A4, and CYP2E1, as compared with those of primary human
hepatocytes. To generate human liver chimeric mice by transplanting the human iPS cell-derived hepatic cells, it is
necessary to examine which cell type is the most suitable for cell transplantation. In particular, it has not been well-
investigated whether human iPS cell-derived definitive endoderm (DE) cells, hepatoblasts, or hepatocyte-like cells
will provide better results. To examine whether the transplanted human iPS cell-derived cells could integrate into
the liver of uPA/SCID mice, in vivo secretion of human albumin (ALB) proteins in mouse blood were measured after
the cell transplantation. As a result, human ALB amount in the blood of mouse transplanted with the hepatocyte-
like cells could be detected after 1 week from transplantation (approximately 140 ng/ml). Moreover, the concentra-
tion of human ALB was increased to approximately 6.7 ug/ml after 4 weeks from transplantation. By contrast, hu-
man ALB amount in the blood of mouse transplanted with the DE cells and the hepatoblasts were hardly detected
after 4 weeks from transplantation (below 103 ng/ml). The liver of the transplanted mouse was also analyzed by
immunostaining and quantitative RT-PCR. Engraftment of the hepatocyte-like cells into the liver of uPA/SCID mice
was evidenced by positive staining of human ALB and human CK8/18. In addition, the expression of human genes,
such as ALB, al anti-trypsin, HNF4a, and CYP7A1, was observed only in the liver received the hepatocyte-like cells
but not in those received the DE cells and hepatoblasts. In conclusion, the hepatocyte-like cells were much desir-
able for generation of human liver chimeric mice than the DE cells and hapatoblasts.

Intestinal/Gut Cells
W-1101

ADULT STEM CELLS IN THE SMALL INTESTINE ARE INTRINSICALLY PROGRAMMED WITH THEIR LOCATION-SPECIFIC
DIFFERENTIATION FATE

Sabine Middendorp, Kerstin Schneeberger Schneeberger, Caroline L. Wiegerinck, Michal Mokry, Edward ES
Nieuwenhuis
University Medical Center Utrecht, Utrecht, Netherlands

In mammals, the small intestinal epithelium is highly specialized along the cephalocaudal axis with different ab-
sorptive and digestive functions in duodenum, jejunum and ileum. Several transcription factors, like GATA4 and
CDX2, have been described to regulate location-specific gene expression in the mouse small intestine. However, it
is not known whether the intestinal environment, such as the mesenchyme, luminal content or the microbiota is
necessary to maintain the location-specific functional properties of epithelial cells.

By using the organoid culturing technique, we cultured pure epithelial cells derived from location-specific crypts
of mice and human to exclude the effect of extrinsic factors. We determined expression of location-specific genes,
such as Gata4, disaccharidases and bile acid transporters. We show that the ex vivo expression signatures remained
stable in location-specific mouse organoids that were expanded for up to 12 weeks. Furthermore, human duodenal
and ileal organoid cultures that were expanded for 7 weeks and were then induced to differentiate, also maintained
their functional identity corresponding with their original location.

These data show that within the small intestine, location-specificity is intrinsically programmed in the adult stem
cells and is independent of extracellular signals from either mesenchyme or luminal content.
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TRANSCRIPTIONAL AND FUNCTIONAL DECLINE OF THE INTESTINAL STEM CELL NICHE DURING THE AGEING
PROCESS

Christian M. Nefzger, Katja Horvay, Thierry Jarde, Jaber Firas, Helen E. Abud, Jose M. Polo
Anatomy and Developmental Biology, Monash University, Melbourne, Australia

Organ homeostasis and regeneration are facilitated by multipotent tissue stem cells that give rise to all the mature
cell types of a specific organ. During an organism’s life, adult stem cell pools are maintained by cell division requir-
ing both the genome and the epigenome to be faithfully copied. However, according to the relatively few studies
conducted to date, changes in the epigenome and in consequence gene expression can be detected in a large num-
ber of aged organs/tissues. The intestinal epithelium is an ideal model to study aging as it constitutes a high-turn-
over tissue that is renewed every 4-5 days. Epigenetic changes are likely to accumulate in the intestinal stem cell
pool due to its high rate of cell division, and indeed age-related changes in DNA methylation status were shown
for whole organ preparations. Coincidentally certain types of cancer (e.g. colorectal cancer) also increase with age,
moreover alterations of the epigenome have been suggested to be the underlying causes. Age related changes also
impact on functional properties of the intestinal epithelium as evidenced by a reduced capacity to take up essential
nutrients like calcium and phosphorus. Combining fluorescent reporter genes and surface marker we have been
able to extract intestinal stem cells (ISCs) in large numbers (up to 3*105 cells per animal). When embedded in mat-
rigel intestinal crypts or single ISCs can be cultured in vitro and give rise to so called organoids, intestinal structures
with crypt and villus-like epithelial domains that contain all differentiated types of cells. In order to study the ef-
fect of aging on the intestinal stem cell niche in detail we have performed immunohistochemical characterization
of tissue sections, functional in vitro assays and expression profiling of the stem cell compartment in mice of dif-
ferent age groups (1.5 month, 10 month, 24 month). Our results showed clear changes in intestinal morphology,
expression profile and regeneration potential. To further investigate the underlying causes for these functional and
transcriptional changes, we are currently studying how different epigenetic modifications in the ISCs are altered
during aging.

W-1103
FUNCTIONAL ANALYSIS OF SLC52A3, A TARGET GENE OF BROWN-VIALETTO-VAN LAERE SYNDROME

Atsushi Intoh, Kathryn Koszka, Naoki Suzuki, Nicholas Atwater, Kevin Eggan
Department of Stem Cell and Regenerative Biology, Harvard University, Cambridge, MA, United States

Brown-Vialetto-Van Laere (BVVL) syndrome is a neural disease characterized by progressive ponto-bulbar palsy and
bilateral sensorineural deafness. BVVL patients also have symptoms of lower motor neuron degeneration, muscle
weakness, and amyotrophy. Diaphragmatic weakness is the most distressing feature in BVVL syndrome, leading
eventually to respiratory failure. The prognosis for BVVL patients is poor, and most patients die within 10 years of
onset. The cause of this disease had long remained unknown. However, mutations in the C200rf54 locus were re-
cently identified in BVVL patients. C200rf54 encodes one member of riboflavin transporter family, and has a mouse
homolog; Slc52a3. Riboflavin is a water soluble vitamin, widely known as vitamin B. Riboflavin is a precursor of
FAD and FMD, which function as cofactors for a number of redox enzymes and play essential roles in the transfer of
electrons in biological oxidation-reduction cycles. As humans and the other mammals cannot synthesize riboflavin
in vivo, they must uptake this vitamin from their diet. However the association with neural differentiation or neur-
ological system is still unknown.

Our question is that how the lack of this gene affects nerve systems in patients. To test for a function link between
C200rf54/SIc52a3 and BVVL, we examined Slc52a3-KO mutant mice, embryos, and stem cell lines. As our results,
Slc52a3 expresses in intestinal crypt and testis, but not in brain and spinal cord in adult mouse. The main func-
tion of Slc52a3 in adult mouse is expected as riboflavin absorption from the diet via intestinal epithelium. During
mouse embryo development, Slc52a3 expresses in inner cell mass of blastocysts. In vitro experiments also showed
that mouse and human embryonic stem cells have Slc52a3 expression. Moreover, Slc52a3 knock-out mice are em-



bryo lethality. These results suggest that failure of riboflavin uptake in adult intestine and during early development
would affect BVVL syndrome.
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GENERATION OF STOMACH TISSUE FROM MOUSE EMBRYONIC STEM CELLS.

Takaaki K. Noguchil, Naoto Ninomiyaz, Makoto Asashima3, Akira Kurisakil

1Graduate School of Life and Environmental Sciences, The University of Tsukuba, Japan, Tsukuba city, Japan, 2De-
partment of Life Sciences (Biology), Graduate School of Arts and Sciences, The University of Tokyo, Japan, Meguro-

ku, Japan, 3Research Center for Stem Cell Engineering, National Institute of Advanced Industrial Science and Tech-
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Studies in embryonic development have led to successful efforts in differentiation research of mouse and human
embryonic and induced pluripotent stem cells into specific organ cell types in vitro. For example, mouse embryonic
stem cells have been differentiated into liver hepatocytes and pancreatic endocrine cells that have therapeutic ef-
ficacy in animal models of liver disease and diabetes, respectively. Compare to these organs, however, directed
differentiation of stomach lineage from embryonic stem cells has not been reported and remains major challenge
for translational studies in stomach disease model. Here, we established efficient differentiation method of mouse
embryonic stem cells into stomach tissue. This process involves embryoid-body based intestinal gut-like structure
differentiation method induced by sonic hedgehog (Shh) and Dickkopf-related protein 1 (Dkk1) that mimics em-
bryonic intestine-stomach specification. These induced-stomach primordiums had Barx1-expressing stomach spe-
cific mesoderm and Sox2-expressing endoderm in three-dimensional structure imitates embryonic stomach tissue
in vivo. Furthermore, induced-stomach primordiums could differentiate into three morphological stomach parts,
forestomach, corpus, and antrum in three-dimensional pro-stomach culture system. The corpus region contained
lots of H+/K+ ATPase-expressing parietal cells, and the antrum region contained lots of Pepsinogen-expressing chief
cells in each stomach tissue part. Using this culture method as a model to study mouse stomach development and
disease model, we identified that Shh induction and Wnt inhibiting are require for stomach specification and three-
dimensional culture promotes stomach primordiums into mature stomach tissue in vitro. Lastly, we demonstarated
that over expression of transforming growth factor-a (TGFa) increased the number of mucocus cells in stomach tis-
sue using Rosa26 Tet-knock in system resembles “ Menetrier diease” morphology in vitro. In conclusion, embryonic
stem cells derived stomach tissue should allow for unprecedented studies of stomach development and human
stomach disease model in the future.

W-1105
AN EPIGENETIC BASIS FOR LATERAL INHIBITION IN INTESTINAL STEM CELL DIFFERENTIATION

Tae-Hee Kim, Fugen Li, Isabel Ferreiro-Neira, Li-Lun Ho, Annouck Luyten, Kodanda Nalapareddy, Michael Verzi,
Ramesh Shivdasani
Dana-Farber Cancer Institute, Boston, MA, United States

It is unclear, at the level of chromatin, if the potential to express diverse transcriptional programs is inherent in
adult tissue stem cells or develops as they differentiate along distinctive lineages. In the process known as lateral
inhibition, neighboring progenitor cells adopt two mutually exclusive fates: one cell, specified stochastically, trans-
mits a signal that forces its neighbors to adopt a different identity. The two cell fates, however, remain interchange-
able for long periods, implying chromatin plasticity at hundreds of genes. Intestinal stem cell (ISC) differentiation in-
to enterocytes or secretory (goblet, endocrine, and Paneth) cells is attributed to Notch-mediated lateral inhibition
among their immediate bipotential progeny. Expression of the transcription factor ATOH1 and Delta-like ligands in
a few cells leads them to adopt the secretory fate and signal to Notch receptors in neighboring cells. This signaling
activates HES1, a transcriptional repressor that prevents Atohl expression and secretory differentiation in recipient
cells, forcing the enterocyte fate. To investigate the epigenetic and transcriptional basis of this process, we puri-
fied Lgr5+ ISCs and absorptive and secretory progenitors from mouse intestinal crypts. mRNA expression profiles



of the isolated populations verified their respective potentials and identified lineage-specific genes. Genome-wide
analysis of ATOH1 binding in secretory progenitors and Atoh1-dependent transcripts implicated this transcription
factor in direct control of both lateral inhibition and secretory differentiation, through its binding to cis-elements of
Delta-ligand genes and key lineage determinants. Despite showing large differences in expressed genes, absorpt-
ive and secretory progenitors carried almost identical marks of active chromatin - H3K4me2, H3K27ac, and DNasel
hypersensitivity, signifying nucleosome displacement -at most genes. Thus, despite cells’ overt commitment to one
branch of differentiation, their chromatin manifested the potential to activate the transcriptional program of either
branch. As evidence for functionality of marked enhancers, depletion of ATOH1 in committed secretory cells in vivo
was sufficient to convert them into enterocytes. Importantly, enhancers for genes restricted to each mature lineage
were well-delineated and showed early signs of activation in Lgr5+ ISCs, generating a broadly permissive chromat-
in state. Thus, lateral inhibition in the intestine is driven by direct activity of a lineage-specific transcription factor
operating in a permissive chromatin state that is established in multipotent stem cells. These findings explain a fun-
damental differentiation mechanism with respect to chromatin states and elucidate the basis for lineage plasticity
in ISCs and their immediate progeny.
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PRETREATMENT WITH TLR LIGANDS ENHANCES THE IMMUNOSUPPRESSIVE CAPACITY OF MESENCHYMAL STEM
CELLS IN ANIMAL MODEL OF PROCTITIS

Christine Linard, Jean Victor Lacave-Lapalun, Marc Benderitter
IRSN, Fontenay aux roses, France

Augmenting tissue repair by the use of mesenchymal stem cells (MSCs) may be an important advance in treating
radiation-induced proctitis. The immunosuppressive capacity of MSCs was become a key factor for their therapeut-
ic use and potency. Recently reported that TLR ligands can improve the MSCs capacity to suppress immune re-
sponses and repair. Using a colorectal model of 27Gy irradiation in rats, we investigated the effects of i) systemic

MSCs (5.10°) administration (rat MSCs) ii) TLR5 ligand flagellin administered (3 days post-irradiation) prior the sys-
temic MSCs administration (rat flagellin pre-treatment) or iii) MSCs preconditioned 24h in culture with flagellin (rat
Flag-MSC). MSCs or Flag-MSCs were administered 7 days post-irradiation. At 28 days post-irradiation, histopatho-
logical lesions are similar to those seen clinically (severe acute mucosal ulceration, large immune cell infiltration.
Flow cytometric analysis of isolated colonic immune cells population showed that MSCs, Flag-MSC treatment and
MSCs injected after flagellin pre-treatment reduced significantly the innate immunity response (neutrophil and
macrophage infiltration) as compared to irradiated rats. Although the among of natural killer cells was not decrease
by MSCs, Flag-MSC and flagellin pre-treatment, RT-PCR assays showed that Flag-MSC and flagellin pre-treatment

induced INOS overexpression, crucial to achieve immunosuppression. Analysis of the CD4* and CD8" T cells fre-

quency revealed that MSCs, Flag-MSCs and flagellin pre-treatment did not modified the enhanced CD4* frequency
in the irradiated colonic mucosa; on the other side the CD4/CD8 ratio decreased with MSCs, increase with flagellin
pre-treatment and, in opposite was normalized with Flag-MSCs compared to irradiated rats. Surprisingly, in the irra-

diated colonic mucosa no modification of the suppressive T-cell population Treg (CD4*CD25%) was induced by MSCs
alone as compared to irradiated rats, but Flag-MSC and flagellin pre-treatment overexpressed FOXP3 and IL-2Ra
which characterized an enhanced functional Treg phenotype. Specifically, IL-10 was overexpressed with Flag-MSCs.
In addition, MSCs, Flag-MSCs and flagellin pretreatment, in the same manner, restored the epithelial cell prolif-
eration (characterized by Ki67 overexpression) and the antimicrobial Reg3y protein implicated in host defense. In
conclusion, on a proctitis model, MSCs exposed to activation through TLR5 ligand (pre-activation of the host or pre-
treated-MSCs) have an enhanced immunosuppressive capacity.

W-1107
A HUMAN IPSC MODEL OF FAMILIAL ADENOMATOUS POLYPOSIS

Cesar A. Sommer, Andreia Gianotti Sommer, Gustavo Mostoslavsky



Center for Regenerative Medicine (CReM), Boston University School of Medicine, Boston, MA, United States

Mutation of the Adenomatous Polyposis Coli (APC) tumor suppressor gene underlies Familial Adenomatous Poly-
posis (FAP) and is an early event in most colorectal adenomas and carcinomas. APC is a multidomain protein con-
trolling fundamental cellular processes that include intestinal cell migration and proliferation, spindle formation,
and chromosome segregation. We developed an in vitro model of FAP by generating induced pluripotent stem cells
(iPSCs) from fibroblasts isolated from individuals carrying germline mutations in APC. The FAP-iPSC lines were in-
duced to form intestinal tissue by directed differentiation, resulting in ‘intestinal organoids’ resembling normal in-
testinal epithelium with expression of typical gut markers. Cell proliferation, Wnt target gene expression and cell
polarity assays were performed in iPSCs and their differentiated progeny. To investigate the functional effects of
biallelic APC inactivation in FAP-IPSCs, we designed and assembled Transcription Activator-Like Effector Nucleases
(TALENS) targeting codon 1309 in the mutation cluster region of APC. Our results provide a platform for elucidating
disease mechanisms underlying FAP with possible future applications in high-throughput drug screening.

Lung Cells
W-1111

BONE MARROW CELLS EXPRESSING CLARA CELL SECRETARY PROTEIN ARE CAPABLE OF FORMING FUNCTIONAL
CONNEXIN CHANNELS WITH MATURE EPITHELIAL CELLS.

Paula Marcus, Pascal Duchesneau, Rickvinder Besla, Thomas K. Waddell
Latner Thoracic Surgery, UHN, Toronto, ON, Canada

Background: Bone marrow (BM) may contain populations of stem and progenitor cells required for the repair of
many tissues. Previous data has indicated the presence of a population of bone marrow cells that express the air-
way marker Clara cell secretary protein (CCSP) and that these cells are capable of re-populating the airway after
injury. However, the exact role these cells in repair is unclear. The aim of this work is to determine if the CCSP+ BM
cells are capable of communicating with mature epithelial cells via the formation of connexin (Cx) channels.
Materials and methods: BM cells expressing CCSP were isolated from C57BI/6 mice by flow cytometry after 7 days
in culture. The expression of airway related Cx molecules (Cx 43, 32 and 26) was determined through quantitat-
ive PCR (qPCR). The presence of Cx channels in vivo was examined by immunofluorescence microscopy following
transtracheal delivery of CCSP+ BM cells in a mouse model of airway injury naphthalene. Finally, the presence of
functional communication was evaluated by labelling CCSP+ cells with the membrane dye PKH26

(Sigma) and calcein-AM (Invitrogen), a dye that can be transferred through Cx channels. Labelled cells were either
mixed with the bronchial epithelial cell line Beas-2b, or delivered intratracheally to 8 week old mice. To ensure spe-
cificity of dye transfer, controls where Cx channels were blocked with carbenoxolone (Sigma) were included.
Results: CCSP+ BM cells expressed epithelial specific Cx molecules,

and stained positively for Cx43. The CCSP+ BM cells were retained in the airway after delivery into a naphthalene
injured mouse. These cells appeared capable of forming connexin channels with airway cells, as indicated by Cx43
labelling at the periphery of the delivered cells. However, to determine if the CCSP+ BM cells could communicate
we looked at dye transfer between epithelial cells and the BM cells. Dye transfer occurred in vitro between the two
populations, and this transfer could be reduced with the addition of a gap junction block. Preliminary data also sug-
gests that these CCSP+ cells are capable of transferring dye in vivo to airway cells as early as 4 hours after delivery.
Conclusions: CCSP+ BM cells are capable of expressing the required elements for gap junction communication, both
in vitro and in vivo. Moreover, the cells can also form functional Cx channels with mature epithelial cells, as indic-
ated by the ability to transfer dye. This suggests that the CCSP+ BM cells are able to interact with epithelial cells
within the airway after injury, and it is possible that the formation of these channels is important in the repair re-
sponse.
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GENERATION OF AIRWAY AND LUNG EPITHELIAL CELLS FROM HUMAN PLURIPOTENT STEM CELLS
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Generation of airway and lung epithelial cells from human pluripotent stem cells
Sarah X.L. Huangl, Ya-Wen Chenl, Melanie Mumaul, Hans-Willem Snoeck?

lcolumbia Center for Translational Immunology, Columbia University Medical Center, New York, NY, USA
Rationale: Directed differentiation of human pluripotent stem cells (hPSCs) in vitro towards lung progenitors, using
a defined combination of morphogens, following developmental paradigms, should be able to recapitulate lung de-
velopment in vivo, allow generation of human lung and airway epithelial cells with high efficiency.

Significance: Efficient directed differentiation of hPSCs into most types of lung and airway epithelial cells has not

been achieved thus farl-3. Yet, the ability to generate such cells from hPSCs has applications in regenerative medi-
cine for lung diseases, drug screening and disease modeling, and provides a model to study human lung develop-

ment?.

Aims:

1. To generate early human lung progenitors from hPSCs with high purity.

2. To further mature the early lung progenitors into a variety of airway and lung epithelial cells that express lineage-
specific markers.

Methodology: The aims were achieved through a strategy involving hierarchal, sequential, and stepwise induction

of definitive endoderm?, followed by generation of anterior foregut endoderm? that is specified with high effi-

ciency towards NKX2.1*FOXA2* developmental lung field progenitors, and subsequent long-term differentiation in-
to cultures where most markers of lung and airway epithelial cells are expressed in varying ratios. The expression of
lineage specific phenotypic markers at each differentiation stage was examined at both mRNA and protein levels.

Results: We developed, based on developmental paradigms, a highly efficient method for directed differentiation

of hPSCs into early lung progenitors where ~95% of the cells were FOXA2*, and where 80-90% of FOXA2* cells ex-
pressed NKX.2.1 (Fig. 1a).

Prolonged culture of the early lung progenitors until d48 induced most markers of airway and respiratory epithelial
cells. These markers included mucins (MUC1, MUC5AC, MUC2, MUC5B) (Goblet cells), ample expression of CC10
(Clara cells), a secreted protein that was also detected outside of cell boundaries, FOXJ1 (ciliated cells), proSP-C and
SP-B (ATII cells) as well as AQ5 and PDN (putative markers of ATl cells) (Fig. 1b).

Conclusions: This report is the first to show full differentiation of hESCs into a wide array of lung and airway cells,
such that most cells in the culture could be assigned to a type of respiratory epithelial cell. Currently, we are trying
to develop assays/models to test the function of the lung and airway epithelial cells.
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MESENCHYMAL STEM CELLS STIMULATE BRONCHIOALVEOLAR STEM CELL DIFFERENTIATION

Kristen T. Leemanl, Carla Kim?
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MA, United States

Background: Bronchopulmonary dysplasia (BPD) remains a major complication of prematurity resulting in signific-
ant mortality. BPD includes alveolar epithelial simplification and distal lung injury. Treatment with bone marrow
derived mesenchymal stem cells (MSC) and MSC-conditioned media ameliorated lung parenchymal and vascular
injury in the hyperoxia murine model of BPD. It is possible that the beneficial response from the MSCs is partly due
to activation of endogenous lung epithelial stem cells. Bronchioalveolar stem cells (BASCs) are an adult lung stem
cell population capable of self-renewal and differentiation in culture, and BASCs proliferate in response to bronchi-
olar and alveolar lung injury in vivo. Systemic treatment of neonatal hyperoxia-exposed mice with MSCs or MSC-
CM significantly increased BASCs compared to untreated controls. Treatment of BASCs with MSC-CM in 2D culture
showed an increase in growth efficiency, indicating a direct effect of MSCs on BASCs.



Hypothesis: We hypothesize that distal lung stem cells contribute to repair and regeneration in neonatal lung injury.
Design/Methods: We established a new 3D matrigel assay to assess BASC differentiation potential after exposure to
MSCs. FACS isolated BASCs (CD31-CD45-EpCAM+Scal+ cells) from B-actin GFP mice were mixed with growth factor
reduced matrigel and MSCs or control stromal cells, lung primary mouse endothelial cells (MECs). Cell mixtures
were plated on transwell inserts and standard media was added to the bottom of the plate. 14 days after plating,
cultures were examined for heterotopic

colony formation including bronchiolar colonies, alveolar colonies, and colonies with mixed phenotype, the later of
which retain progenitor activity. Hematoxylin and eosin (H&E) staining and immunofluorescence for CCSP and SPC
confirmed colony differentiation type.

Results: MSCs significantly increased BASC colony numbers 2.8-fold compared to co-culture with MECs (p=0.04).
Colonies arising in MSC co-culture were significantly larger compared to controls; 41% of colonies with MSCs were
large or medium vs 22% in controls. These data support our hypothesis that MSC-secreted factors enhance BASC
function. BASC/MSC co-cultures trended towards more bronchiolar and alveolar colonies compared to BASC/MEC
cultures with more prevalent mixed phenotype colonies. This may indicate MSC factors stimulate BASC prolifera-
tion and differentiation, whereas MEC factors foster maintenance of progenitor cells.

Conclusions: BASCs may play a role in the repair of alveolar lung injury in BPD and in the restoration of distal lung
cell epithelia. MSCs and MSC-derived factors may stimulate BASC differentiation and enhance repair of neonatal
lung injury.
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EFFECTS OF FIBROBLAST GROWTH FACTOR 9 ON STEM CELLS OF UPPER AIRWAYS
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RATIONALE:

Many of the fibroblast growth factors (FGFs) are reported to promote self-renewal, proliferation and inhibition of
cellular senescence mainly through effect on tissue-associated stem cells. FGF-9 is a secreted signaling molecule
that is required for lung development and is highly expressed in a subset of human lung adenocarcinomas.
However, specific function of FGF-9 and its effect on adult tracheal basal stem cells are unknown.

METHODS:

We used both two- and three-dimensional primary culture systems, the air-liquid interface (ALI) and stem cell
sphere-formation system, respectively, to examine the effect of FGF9 treatment on the behavior of mouse tracheal
epithelial cells (mTEC). In both assays, cells were treated with FGF9 10-300 ng/ml for 1-3 weeks. ALl preparations
were assayed for cell proliferation and differentiation by immunostaining. Stem cell spheres were assayed for
sphere number, size, differentiation and self-renewal.

RESULTS:

Immunostaing of ALl preparations for tracheal epithelial cell and proliferation markers (cytokeratin 5 and TRP63
for basal cells, CCSP for Clara cells, acetylated B-tubulin for ciliated cells and PCNA to detect proliferating cells) re-
vealed that FGF9 induced the rate of basal cell proliferation in a dose-dependent fashion. Low and medium doses
of FGF9 treatment did not affect differentiation of basal cells into Clara and ciliated cells while high dose FGF9 res-
ulted in an increase in basal and a decrease in Clara cells; i.e., basal cell hyperplasia. FGF9 treatment significantly
increased average sphere diameter and the number of spheres per well, compared to control treatment, indicating
potentiation of stem cell self-renewal and increase activation or decrease senescence of stem cells.

CONCLUSION:

FGF9 accelerates the self-renewal of basal stem cells and in higher doses suppress their differentiation into the
secretory lineage. This finding suggests a potential role of FGF9 in repair or tumorigenesis in adult lungs.

Funding source: Scientific Research Grants from the Ministry of Education, Science, Culture and Sports of Japan,
23390218
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ABROGATION OF SIX1/EYA1 DISRUPTS THE SACCULAR PHASE OF LUNG MORPHOGENESIS AND CAUSES
REMODELING

Karol Lul, Raghava Reddyl, Barbara Driscollz, David Warburtonz, Ahmed El-Hashash?
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and University of Southern California, Los Angeles, CA, United States

The Eyal gene encodes a transcriptional co-activator that acts with Six1 gene to control the development of differ-
ent organs. However, Six1-Eyal genetic interactions and functional roles in lung remodeling in premature infants
with bronchopulmonary dysplasia (BPD) are still unknown.

Objective: Determine the functional role of Six1-Eyal genetic interactions in lung remodeling in premature infants
with bronchopulmonary dysplasia (BPD).

Hypotheses: Based on the premise that Eyal and Six1 genes regulate development of different organs and differ-
entiation of various progenitor cells, we assume that Six1-Eyal genetically interacts to synergistically regulate lung
morphogenesis, and their loss results in a pre-BPD-like saccular phenotype. We further postulate that TGF-B signal-
ing pathway is involved in the development of pre-BPD-like saccular phenotype.

Materials and Methods: Lungs of compound homozygous (Eyal-/- or Six1-/-) and heterozygous mice and histolo-
gical sections of E14.5 and E18.5 were used to examine phenotypic characteristics. The relationship between Eyal
and Six1 was determined by co-immunoprecipitation, Western blot assays and in vitro knockout of Six1 followed
by overexpression of Eyal in MLE15 cells.

Results: We found that pathological changes in Eyal-/- or Six1-/- mice bore similarities to premature infants born
in the saccular phase who develop BPD, including mesenchymal thickening, remodeling of the distal lung septae
and arteries as well as abnormal capillary development. Thus, mutant lung histology at the saccular phase shows
abnormal lung morphogenesis, characterized by mesenchymal and saccular wall thickening, abnormal proliferation
of a-smooth muscle actin-positive cells, increased mesenchymal/fibroblast cell differentiation and poor capillaries
development, which become more severe when deleting both genes.

Conclusion: Our study indicates that SHH but not TGF-f signaling pathway is a central mediator for the histologic
alterations described in association with pre-BPD-like saccular phenotype in Eyal-/- or Six1-/- lungs. Indeed, genet-
ic reduction of SHH activity in vivo or inhibiting its activity in vitro substantially rescues the pre-BPD-like phenotype
in mutant mice at the saccular phase, providing the first evidence for the potential involvement of SHH signaling
in BPD. These findings uncover novel functions for Six1-Eyal-SHH pathway in the development of BPD-like saccular
phenotype, providing a conceptual framework for future mechanistic and translational studies in this area.

Epidermal Cells
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INTRADERMAL ADIPOCYTES MEDIATE FIBROBLAST RECRUITMENT DURING SKIN WOUND HEALING

Barbara Schmidt, Valerie Horsley
MCDB, Yale University, New Haven, CT, United States

The communication of multiple cell types in the skin is essential for epidermal and dermal repair following acute
wounding. Interaction between hematopoietic cells, keratinocytes, and fibroblasts has been studied extensively
during skin wound healing, as these cell types must proliferate and migrate to restore a functional skin barrier.
However, the possible roles for other cell types within the skin, such as the intradermal adipocytes, have not been
investigated during skin regeneration. Here, we present data demonstrating that adipocyte lineage cells are activ-
ated and repopulate skin wounds after injury. We find that adipocyte repopulation occurs after the immune re-
sponse and in parallel with fibroblast migration. Functional analysis of mice with defects in adipogenesis demon-
strates that adipocytes are necessary for the recruitment of fibroblasts into the wound bed and subsequent recon-
struction of the dermis. Interestingly, these data reveal that initial re-epithelialization can occur in the absence of



fibroblast recruitment but cannot be maintained, resulting in wound failure. These data implicate adipocytes as a
key component of the intercellular communication that mediates fibroblast function during skin wound healing.
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INDISPENSABLE ROLES OF BNIP3, AN INDUCER OF AUTOPHAGY, IN BOTH DIFFERENTIATION AND MAINTENANCE
OF EPIDERMAL KERATINOCYTES.

Mariko Moriyama, Junki Uda, Hiroyuki Moriyama
Kinki University, Higashi-Osaka, Japan

The skin epidermis is a stratified epithelium. Stratification is a key process of epidermal development. During epi-
dermal development, the single layer of basal cells undergoes asymmetric cell division to stratify, and produce com-
mitted suprabasal cells on the basal layer. These suprabasal cells are still immature, and sustain several round of
cell divisions to form fully stratified epithelia. Recent studies have clarified a numerous number of molecules in-
volved in epidermal development, although it remains elusive how these molecules are coordinated to undergo
proper stratification of the epidermis. Autophagy, a lysosomal degradation pathway, is involved in differentiation of
erythrocytes, lymphocytes, and adipocytes. Keratinocyte differentiation is also going along with activation of lyso-
somal enzymes and organelle clearance, expecting the contribution of autophagy in this process.

Previously, by integrating both loss- and gain-of-function studies of Notch receptors and their downstream target
Hesl, we show multiple roles of Notch signaling in the regulation of transit amplifying cells in suprabasal layers.
Notch signaling induces differentiation of suprabasal cells via Hes1 independent manner, whereas Hes1 is required
for maintenance of the immature status of suprabasal cells by preventing premature differentiation. In this study,
we found that Hes1 directly suppressed the expression of Bnip3, whose expression is sufficient to induce terminal
differentiation of keratinocytes by induction of autophagy.

Chromatin immunoprecipitation assay revealed that HES1 could directly bind to BNIP3 promoter to suppress the
expression. We also found that BNIP3 was expressed in the granular layers, just above the layers where Hes1 ex-
pression was observed. Consistent with the BNIP3 expression, autophagosome formation was observed in the
granular layer of human epidermal equivalent reconstituted from GFP-LC3 expressing keratinocytes. Forced expres-
sion of BNIP3 in human primary epidermal keratinocytes (HPEK) resulted in keratinocyte differentiation, whereas
knockdown of BNIP3 had an opposite effect. Intriguingly, addition of an inhibitor of autophagy, 3-methyladenine,
significantly suppressed the BNIP3-stimulated differentiation of keratinocytes, suggesting that autophagy is in-
volved in this process. Moreover, we also found that overexpression of BNIP3 induced autophagy in HPEK. These
data clearly suggest that BNIP3 plays a crucial role in keratinocytes differentiation by inducing autophagy. Further-
more, dead cells were increased in human epidermal equivalent from BNIP3 knockdown keratinocytes, which gave
us the idea that BNIP3 is also indispensable for maintenance of skin epidermis. To test the hypothesis, HPEK were
irradiated with UVB. UVB irradiation stimulated BNIP3 expression and cleavage of caspase3. Surprisingly, suppres-
sion of BNIP3 expression induced by UVB irradiation caused a further increase of the cleaved caspase3 protein
level, suggesting that BNIP3 has a protective effect against UVB-induced apoptosis in keratinocytes. Overall, our
data shed light on functions of BNIP3, an inducer of autophagy, in both differentiation and maintenance of epi-
dermal keratinocytes.
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TOWARDS UNDERSTANDING THE ROLE OF HOXB7 IN THE SKIN

Fadi P. Jacob, Aiko Sada Nishimura, Tudorita Tumbar
Molecular Biology and Genetics, Cornell University, Ithaca, NY, United States

Epidermal stem cells are known to exist in a specialized niche of the hair follicle known as the bulge, but whether
or not all cells of the bulge are of equal potential still remains an important question.

Microarray data displayed clear differences in gene expression between bulge and non-bulge cells, and Hoxb7 was
among the genes up-regulated in the bulge. Hoxb7 is a sequence-specific transcription factor of the homeobox fam-



ily that is involved in cell proliferation and differentiation, and has known functions in the developmental regulatory
system that provides cells with specific positional identities on the anterior-posterior axis. To investigate the poten-
tial role of Hoxb7 in epidermal tissue, we analyzed Hoxb7 expression and lineage activity using two transgenic mice:
a Hoxb7-IRES-GFP reporter strain and a Hoxb7-cre/Rosa26-LacZ strain where cre activity in Hoxb7-expressing cells
enabled lacZ reporter expression not only in cells that express Hoxb7, but also in their progeny. Surprisingly, we
were unable to detect GFP expression in the skin epidermis as we expected from our microarray results and QRT-
PCR data for Hoxb7 mRNA levels. Instead, the Hoxb7-IRES-GFP mice showed bright GFP expression in the dermal
papilla of the hair follicles and dim GFP in dermal cells. The dermal cells surrounding the hair follicle, especially
around the bulge were brighter than the dermal cells located elsewhere. This suggested that the Hoxb7 promoter
region utilized for this transgenic might be insufficient to fatefully recapitulate Hoxb7 endogenous expression in the
skin, and was potentially influenced by chromosome insertion position effects. The Hoxb7-cre/Rosa26-LacZ mice
were analyzed at various stages in embryonic development, as well as in newborn and adult mice during the te-
logen, anagen, and catagen phases of the hair cycle. An interesting striped pattern of lacZ expression emerging at
E14.5 on the back skin was observed in whole-mount tissue. In tissue sections, lacZ expression was detected in sev-
eral patches of the skin and in various areas of the hair follicle depending on the cycle. Expression in the bulge, as
well as other areas of the hair follicle at telogen, followed by expression in patches of the anagen follicle suggested
that stem cells in the bulge of some follicles were labeled by the reporter system at some point in development.
We hypothesize based on this data that Hoxb7 may play a role in skin patterning and proliferation.
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THE INTERFOLLICULAR EPIDERMIS HOMEOSTASIS IS MAINTAINED BY A HAIR FOLLICLE DERIVED STEM CELL IN A
HIERARCHICAL MANNER

Edwige Royl, Zoltan Neufeld?, Luca Cerone?, Angeline Wongl, Samantha Hodgsonl, Inna Tabansky3, Kevin Eggan3,
Jean Livet4, Kiarash Khosrotehranil

1Experimental Dermatology Group, University of Queensland Centre for Clinical Research, Brisbane, Australia, 2De-
partment of mathematics and physics, University of Queensland, Brisbane, Australia, 3Dept of Stem Cell and Regen-
erative Biology, Harvard University, Cambridge, MA, United States, 4nstitut de la Vision, Paris, France

Despite the success of epidermal stem cell therapy, many questions remain on their true potency in steady state
conditions. Indeed, the maintenance of the interfollicular epidermis (IFE) remains a controversial subject. Con-
flicting studies support the existence a stem cell hierarchy in the IFE or a committed progenitor activity without
a specific hierarchy. However, recent results revealed a second population of slow-cycling stem cells besides CPs.
We hypothesized that those conflicting studies could be resolved using the rainbow technology to label keratin
14-expressing keratinocytes. We generated transgenic mice containing a Brainbow-1.0 cassette under the control
of a ubiquitous promoter allowing the random expression of dTomato (red), Cerulean (blue) or eYFP (yellow) upon
cre recombination. When crossed with K14-Cre/Esr transgenic mice, this allowed us to induce recombination in all
basal keratinocytes regardless of their anatomical location and to follow their fate over time.

To address the role of stem cells, we conducted short and long term experiments at 3, 5, 12 and 24 weeks. Clones
within the IFE of dorsal skin grew in size from 3 weeks to 6 months (p<0.001) in accordance with the committed
progenitor model. To understand the lineage relationship between the CP and these potential stem cells, we ana-
lysed the size of clones relative to their positioning and we observed those that were attached or contained a hair
follicle were significantly larger (p<0.05) and grew more steadily overtime (p<0.0001).

Further investigations showed that clones in areas of active hair cycling were larger compared to clones not at-
tached to HF (p<0.05) and that proliferation in the HF infundibulum was hair cycle dependent and occurred mainly
in anagen (p<0.0001) suggesting that this hair cycle phase promoted the growth of IFE clones via a HF contribution.
We proposed a model where stem cell populations in HF generated CPs around them which behaved with random
fate decision. Using this model, computer simulations integrating 6 colour staining and animal growth predicted
clone sizes that closely matched our observations.



In conclusions, Rainbow technology allows the long term tracking of clones derived from individual stem cells. Our
results support a hierarchical contribution of hair follicle stem cells to dorsal IFE by differentiating into committed
progenitors. Our findings and our proposed model reconcile recent and previous studies showing the importance
of the upper portion of the HFs for IFE homeostasis in murine dorsal skin.
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BAF53A ENFORCES THE EPIDERMAL PROGENITOR STATE BY SUPPRESSING SWI/SNF-DEPENDENT INDUCTION OF
KLF4

Xiaomin Baol, Jiong Tangz, Vanessa Lopez-Pajaresl, Shiying Taol, Kun Qul, Gerald Crabtree?, Paul Khavaril
ADermatology, BHHMI, 1Stanford University, Stanford, CA, United States

Somatic progenitors suppress differentiation to maintain tissue self-renewal. While epigenetic regulators of DNA
and histone modifications can support such repression, a role for nuclear actin-like proteins, such as ACTL6a/
BAF53A, is unclear. Here we show that ACTL6a associates with the SWI/SNF chromatin-remodeling complex to sup-
press differentiation in epidermis. ACTL6a was found enriched in progenitors and down-regulated during differen-
tiation. ACTL6a loss in murine and human tissue abolished epidermal self-renewal and induced terminal differen-
tiation, whereas ectopically expressed ACTL6a suppressed differentiation. Among known activators of epidermal
differentiation, KLF4 controls 48.6% of ACTL6a regulated genes. ACTL6a loss upregulated KLF4 and dysregulated
KLF4'’s target genes, effects that were blocked by KLF4 depletion. Furthermore, we show that the SWI/SNF complex
regulates KLF4 activation and differentiation, and ACTL6a loss led to enhanced SWI/SNF binding to the promoters
of KLF4 and other differentiation genes. ACTL6a thus maintains the undifferentiated progenitor state, partly by sup-
pressing SWI/SNF complex-enabled induction of KLF4.

W-1126

SYNCHRONIZING EFFECT OF CELL-AUTONOMOUS CIRCADIAN CLOCK ON CELL CYCLE IN TRANSIENT AMPLIFYING
EPITHELIAL PROGENITORS OF HAIR FOLLICLE

Maksim PIikusl, Christopher VoIImers3, Amandine Chaix3, Damon de la Cruz4, Raul Ramosz, Satchidananda
Panda3, Cheng-Ming Chuong®

ADevelopmenta/ and Cell Biology, BDepartment of Developmental and Cell Biology, Sue and Bill Gross Stem Cell Re-
seach Center, 1University of California, Irvine, Irvine, CA, United States, 25alk Institute for Biological Studies, La Jolla,
CA, United States, 3'Parthology, University of Southern California, Los Angeles, CA, United States

Circadian clock optimizes various physiological processes through their coordination with the rhythmic changes in
the environment. Despite significant advances in the field of clock research, circadian regulation of tissue regen-
eration is not well understood. Hair follicle stands out as a leading example of an organ capable of continuous
physiological regeneration. Each hair follicle cycles through the sequential phases of growth, involution and inactiv-
ity. Successful progression through these phases requires complex coordination of the epithelial lineage, from stem
cells to terminally differentiated keratinocytes. Recently, circadian clock was implicated in regulation of hair follicle
stem cells.

Here we explore the role of circadian clock in the highly proliferative transient amplifying hair follicle progenitors,
aka matrix cells. We show that in hair matrix cell-autonomous clock generates daily mitotic rhythms, so that num-
bers of mitotic cells peak in the morning. This cell cycle regulation is accomplished via circadian synchronizing of
Cdc2/Cyclin B-mediated G2/M checkpoint. As the result, mouse hairs grow faster in the morning. During morning
hours they are also much more sensitive to genotoxic stress, such as gamma-irradiation. Same doses of gamma-ir-
radiation result in significantly greater damage to transient amplifying matrix population and cause more dramatic
hair loss in the morning than in the evening.



These results demonstrate how circadian mitotic gating becomes an essential protective mechanism for the highly
proliferative subset of cells within regenerating hair follicles. Furthermore, our results can offer new strategies for
minimizing or maximizing cytotoxicity of radiation and chemo cancer therapies.
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THE ANDROGEN RECEPTOR MODULATES MURINE EPIDERMAL STEM CELL PLASTICITY AND HAIR FOLLICLE
LINEAGE FATE

Kai Kretzschmarl, Denny L. Cottlez, Pawel J. Schweigerz, Fiona M. Watt!

1centre for Stem Cells and Regenerative Medicine, King's College London, London, United Kingdom, 2Cambridge
Stem Cell Institute, University of Cambridge, Cambridge, United Kingdom

Murine epidermis is composed of three main compartments: interfollicular epidermis, sebaceous glands (SGs)
and hair follicles (HFs). Previous work has established that distinct stem cell pools are responsible for maintaining
homeostasis of these three compartments during adult life. However, during tissue regeneration or upon genetic
manipulation these stem cell populations are able to replenish each other. To study the ability of epidermal
stem cells to differentiate into alternative lineages, we have previously described a transgenic mouse model
(deltak5deltabeta-cateninER), in which ectopic hair follicles (EFs) are selectively induced from the SG upon experi-
mental activation of beta-catenin. We now found that beta-catenin induced EF formation in the SG can be blocked
through AR activation, which preserves sebocyte fate. Conversely, AR inhibition enhances conversion to the HF
lineage. Interestingly, in pre-existing HF simultaneous beta-catenin activation and AR inhibition caused the devel-
opment of HF cysts resembling HF tumours. Taken together our results indicate that the AR modulates epidermal
stem cell plasticity and hair follicle lineage selection.
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UNRAVELING THE IMPACT OF IL-1 SIGNALING ON STEM CELL ACTIVATION IN A WOUND HEALING MODEL

Colin Jamoral, Pedro Leez, Deborah Witherden3, Eve Kandyba5, Amanda MacLeod7, Krzysztof Kobielak6, Wendy

Havran?

1IFOM-inStem Joint Research Laboratory, Institute for Stem Cell Biology and Regenerative Medicine, Bangalore,
India, 2Biologica/ Sciences, University of California, San Diego, La Jolla, CA, United States, Almmuno/ogy and Mi-
crobial Sciences, Blmmunology and Microbial Science, 3The Scripps Research Institute, La Jolla, CA, United States,
APathology, BDepartment of Pathology, 4University of Southern California School of Medicine, Los Angeles, CA, Un-
ited States, 5lmmunology and Microbial Sciences, The Scripps Research Insitute, La Jolla, CA, United States

The wound healing response is the product of a complex network of intercellular communications that are orches-
trated to repair the damaged tissue. A fundamental process mediated by these reciprocal interactions is the mo-
bilization of local stem cells pools to promote tissue regeneration and repair. Using the epidermal caspase-8 con-
ditional knockout as a genetic model of wound healing, we uncovered different modes by which interleukin-1a
(IL-1a) rouses the proliferation of stem cells within distinct niches in the skin. Upon release from epidermal kerat-
inocytes in response to a wound, IL-1a is sufficient to trigger dermal fibroblasts to preferentially activate epidermal
stem/progenitor cells. In combination with IL-7, it can also stimulate resident dendritic epidermal T cells (y6T-cells),
which favor hair follicle stem cell proliferation. Altogether these finding demonstrate the mechanism by which IL-1
signaling marshals multiple cell types to differentially stimulate distinct epithelial stem cell populations in the skin
to restore tissue homeostasis.

Epithelial Cells (Not Skin)

W-1132



RARE SOMATIC CELLS FROM HUMAN BREAST TISSUE EXHIBIT EXTENSIVE LINEAGE PLASTICITY

Somdutta Roy, Phillipe Gascard, Thea Tlsty
Univ of California San Francisco, San Francisco, CA, United States

Extensive

studies have demonstrated that repression of p16'NK4a (CDKN2A) not
only silences a powerful tumor suppressor activity, but also is associated with
the acquisition of a plastic state, i.e. the ability of a cell to change

phenotypes. In epithelial cells, repression of p16INK4a does not

only inactivate cell cycle arrest in response to stress but also allows

increased expression of chromatin remodeling proteins that are important for
epigenetic plasticity underlying differentiation. The up-regulation of such
chromatin remodeling proteins sets the expression pattern of pluripotent cells
in Drosophila and inhibits differentiation and dictates the decision between
progenitor and differentiated states in murine myoblasts. Furthermore, mice

engineered for knock-out of BMI-1, a polycomb protein that inhibits p16INK4a

transcription, fail to repress p16'NK4a activity and fail to

generate hematopoietic and neural stem cells. In light of these observations, we

reasoned that repression of p16INK4a might also modulate expression

of cell surface markers that could be used for the prospective isolation of stem
or progenitor cells.

We identified cell surface

markers that allowed direct isolation of rare cells from healthy human breast
tissue that exhibit extensive lineage plasticity. This subpopulation has the
potential to transcribe plasticity markers, Oct3/4, Sox2 and Nanog at levels
similar to those measured in human embryonic stem cells. In vitro, in vivo and
teratoma assays demonstrated that either a directly-sorted (uncultured) or a single
cell (clonogenic) cell population from primary tissue can differentiate into
functional derivatives of each germ layer, ectodermal, endodermal and
mesodermal. In contrast to other cells that have the potential to express
Oct3/4, Sox2 and Nanog, these human endogenous Plastic Somatic

cells (ePS cells) are mortal, express low telomerase activity, expand for an
extensive but finite number of population doublings, and maintain a diploid
karyotype before arresting in G1.

Cells with extensive

lineage plasticity exist in healthy tissues and evidence for their plasticity

is sometimes observed by pathologists in non-diseased tissue. While the vast
majority of stem cell/stromal interactions generate the expected tissues, in
rare instances, the signals are misconstrued or malfunction. These rare events,
described by pathologists as ectopic tissues, consist of normal tissues in
abnormal locations, such as bone in the colon and eye, liver in gallbladder and
pancreas in brain.

We anticipate that the novel somatic cell

population with extensive lineage plasticity characterized here may be used in
the future as a non-embryonic resource to study acquisition of pluripotency, self-repair,
replacement and complications in

regenerative medicine and cancer.
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A NOVEL AT-HOOK CONTAINING TRANSCRIPTION FACTOR PROMOTES DIFFERENTIATION OF NEURAL STEM CELLS.

Pia A. Johansson, German Camargo Ortega, Magdalena Gotz
Institute for Stem Cell Research, Helmholtz-Center Munich, Munich, Germany

The size an organ is regulated by a tight balance between the self-renewal of stem cells and their generation
of amplifying progenitors enlarging the progeny number. This is of particular relevance in brain development. To
identify novel factors regulating neural stem cell maintenance versus differentiation we performed genome-wide
expression analysis of neural stem cells at different developmental stages (Pinto et al., 2008, Mol Cell Neurosci.)
and in the adult (Beckervordersandforth et al., 2010, Cell Stem Cell). We focused our attention of transcription-
al regulators that were highly expressed in neurogenic neural stem cells (isolated from the embryonic forebrain,
E14 radial glia, and the adult subependymal zone) and comparatively lower in neural stem cells undergoing glio-
genesis. This approach yielded several candidates amongst them several AT-hook containing transcription factors,
some also comprising the high mobility group. As expected from the arrays, expression of these factors was high
in neural stem and progenitor cells in the developing forebrain, but largely absent in the adult brain except in
stem cell niches. Towards functional analysis we used in utero electroporation of cDNA plasmids (Gain-of-function)
and specific short hairpin RNA constructs (Loss-of-function). In particular, the AT-hook transcription factor lacking
a HMG domain potently promoted neuronal differentiation. Already 1 day post electroporation, the proportion
Ki67+, Pax6+ NSCs was significantly reduced, while the proportion of postmitotic cells was increased. Three days
after electroporation these had differentiated largely into NeuN+ neurons. Conversely, knock-down experiments
resulted in a decrease in differentiation as Ki67+ cells were increased, suggesting a vital role in embryonic neuro-
genesis. Genome-wide expression analysis performed shortly after overexpression or knock-down revealed exciting
candidates that are presently investigated.
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IN VITRO CHARACTERIZED SALIVARY GLAND STEM CELLS RESCUE RADIATION-INDUCED HYPOSALIVATION

Lalitha S S. Nanduri?, Mirjam Baanstral, Ronald P. van OsZ, Robert P. Coppes1
Icell Biology and Radiation Oncology, University Medical Center Groningen, University of Groningen, Groningen,

Netherlands, 2Department of Biology of Aging, European Research Institute for the Biology of Aging, University
Medical Center Groningen, Groningen, Netherlands

Salivary glands are often exposed to radiation, during radiotherapy for head and neck cancers resulting in life-long
salivary gland impairment, severely reducing the quality of life of the patients. Stem cell therapy may be an option
to prevent radiation-induced hypo-salivation.

In mice, we recently showed(1) that transplantation of several types of stem cell marker expressing cells obtained
from mouse salisphere are able to rescue radiation-induced hypo-salivation. The aim of this study is to identify the
most potent stem cell of the mice salivary gland.

Murine salivary gland derived primary salispheres contain cells expressing CD24/CD29 that could be separated into
four subsets; CD24hi/CD29lo, CD24hi/CD29hi, CD24 med/CD29hi and CD24lo/CD29hi cells. To test the self-renew-
al potential of the subsets 10,000 single cells/well were serial replated in matrigel to form secondary salispheres.
Our results show that CD24hi/CD29hi, CD24 med/CD29hi cells have high secondary sphere forming potential with
indefinite self-renewal for the CD24hi/CD29hi population. In our 3D matrigel-collagen differentiation matrix single
cell derived spheres from all subsets form salivary organoid structures with the CD24lo or CD29lo group form-
ing more lobular acinar like structures, whereas the CD24hi/CD29hi, and CD24med/CD29hi groups forming more
ductal structures, suggesting that these populations contains more primitive stem/progenitor cells. Interestingly,
all cells derived from spheres after more than 7 self-renewal passages are enriched for CD24hi/CD29hi. Moreover,
when transplanted in locally 15 Gy irradiated salivary glands the success ratio of salisphere derived CD24hi/CD29hi
cells (10000cells/mouse) in recovering gland function increased with passage number to 100% at passage 13, in-
dicating selection of stem cells through culturing.



In conclusion, mice salisphere-derived cells that have a high expression of CD24 and CD29 have strong stem
cell properties as they can self-renew, differentiate to salivary gland structures in vitro and superbly regenerate
irradiation-damaged salivary glands in vivo. In vitro passaging of salivary gland cells further enriched this popula-
tion for stem cells, indicating that this population most likely contains the stem cells of the salivary gland. Poten-
tially this population could be used for stem cell therapy after radiotherapy for head and neck cancers.

Nanduri L.S.Y., Maimets M., Pringle S.A., van der Zwaag M., van Os R.P., Coppes R.P. Regeneration of irradiated
salivary glands with stem cell marker expressing cells (2011) Radiotherapy and Oncology, 99 (3), pp. 367-372
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PLURIPOTENCY IN FALLOPIAN TUBE AND EPITHELIAL MESENCHYMAL TRANSITION

Farhana Ishrat Ghanil, Mirjana Kesslerl, Thieck OIiverl, Susan Jackischl, Christina Fotopouoluz, Thomas F. Meyer1

Imolecula Biology, Max Planck Institute for Infection Biology, Berlin, Germany, ZDepartment of Gynocology, Charite
University Medicine, Campus Virchow, Berlin, Germany

Oxidative stress response, inflammation and regeneration during the reproductive years argue for the existence of
pluripotent mechanisms in fallopian tube mucosa to facilitate these extensive changes. Also implication of fallopian
tube in etiology of ovarian cancer might indicate the existence of stem cells in this organ. We identify stem cell po-
tential within fallopian tube epithelium and establish long term culture in vitro. Monolayer culture was obtained by
cultivating mucosal folds in 2D culture and 3D organoid culture system could be established in Matrigel by provid-
ing optimal growth conditions with paracrine signaling components. Differentiated spheres, exhibiting all markers
of mature, polarized, fallopian tube epithelium, could be propagated in vitro for longer than 4 months, support-
ing the presence of stem cells as the “engine” of proliferation potential. Active proliferation regions, resembling
mucosal folds in tissue, were confirmed by immunohystochemistry. In effort to identify subpopulation of epithelial
cells with stem cell capacity we show that sorted Epcam high cells have the highest organoid formation potential
in 3D culture by limited dilution organoid culture assay. Other stem cell markers like alkaline phosphatase, Lgr5,
CD133 were also expressed in these cells. Furthermore, 2D cultured cells undergo epithelial mesenchymal trans-
ition which is the most important event during organogenesis and cancer metastasis. In early passages, epithelial
marker E-cadherin is highly expressed and in late passages EMT marker Snail and mesenchymal marker N-cadherin
are strongly expressed and cells show mesenchymal morphology. Therefore, fallopian tube is a nice model to study
stem cell characteristics and EMT of epithelial cells.

W-1137

CHARACTERIZING PUTATIVE THYMIC EPITHELIAL PROGENITOR CELLS IN THE ADULT MURINE THYMUS

Kahlia Y.P Wongl, Natalie L. Seachl, Maree V. Hammettl, Marco Barsantil, Daniel Grayz, Richard Boydl, Ann
Chidgey1

IMonash Immunology and Stem Cell Laboratories, Monash University, Melbourne, Australia, 2Walter and Eliza Hall
Institute of Medical Research, Melbourne, Australia

The thymus is the primary source of T cells for adaptive immunity, in which thymic epithelial cells (TECs) play a
crucial role. Thymic function and naive T cell output is optimum during the early years of life but progressively de-
clines, resulting in <10% of functional tissue remaining by midlife. The decrease in naive T cell output leads to com-
promised immunity in the elderly and is further exacerbated by cytoablative treatments, such as irradiation and
chemotherapy in bone marrow transplant and cancer patients.

Strategies to regenerate the thymic microenvironment include sex steroid ablation and growth factor transfusions.
However, from a clinical perspective, optimal recovery of the naive T cell pool remains a challenge. An alternative
approach may be to activate resident TEC progenitors/stem cells within the adult thymic microenvironment to me-
diate internal thymic regrowth and thus, T cell output.



Whilst evidence supports the derivation of cortical (cTEC) and medullary (mTEC) epithelial lineages from a common
bipotent progenitor in the postnatal thymus, the identity of these cells remains elusive. Herein we characterize the
adult thymic epithelium and demonstrate that progenitor capacity is retained exclusively by a subset of cortical

TECs expressing high levels of Sca-1 and low levels of MHC Class Il (cTEC|°). Using label retention studies, this subset
was found to retain BrdU at 6 months post chase and was preferentially localized to the cortico-medullary junction
of adult thymic tissue. Adult epithelium grows poorly in 2D culture however, when placed in a 3D Matrigel co-cul-

ture system, cTECl® efficiently formed colonies and repeatedly generated medullary lineage following serial purific-
ation and passaging in vitro. Furthermore, when combined with embryonic stroma and engrafted under the kidney
capsule, reaggregates containing putative cTEC progenitors generated pockets of thymic tissue containing cells of
both medullary and cortical lineage in vivo. These cells persisted at 12 weeks post-engraftment however long-term

serial grafting will be required to assess the self-renewal potential of the cTEC' subset.

In summary, these findings suggest that progenitor, and possibly stem cell, potential is retained in the cTEC'® subset
in postnatal thymic tissue. Further studies will help refine the molecular pathways involved in thymic stem or pro-
genitor cell activation, and potentially contribute to strategies for endogenous repair of thymus function.

Embryonic Stem Cell Clinical Application
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TRANSPLANTATION OF XENO-FREE, SORTED HUMAN EMBRYONIC-DERIVED NEURAL STEM CELLS INTO THE
INTACT AND TRAUMATICALLY INJURED RODENT BRAIN

Daniel L. Hausl, Eric Goldl, Harvey Perezz, Hal X. Nguyenz, Aileen J. Anderson3, Brian J. Cummings3
AAnatomy and Neurobiology, BSsue and Bill Gross Stem Cell Center, CPhysical Medicine and Rehabilitation,
Luniversity of California, Irvine, Irvine, CA, United States

Traumatic brain injury (TBI) is one of the leading causes of death and disability worldwide, with an estimated 1.7
million individuals affected each year in the United States alone. Limited treatment options exist, which include
stabilizing patients after the initial traumatic event as well as providing limited physical and cognitive rehabilitation.
However, therapies to facilitate cellular repair and treat the underlying source of TBI-related deficits have remained
elusive. Transplantation of human neural stem cells has the potential to afford such repair via multiple mechanisms,
including cellular replacement and/or neurotrophic support. Currently, multiple cell transplantation-based clinical
trials are on-going for conditions such as amyotrophic lateral sclerosis (ALS) and spinal cord injury. However, human
neural stem cell transplantation has not yet been fully evaluated long-term in an appropriate animal model of TBI.
Here we report results from the development and subsequent transplantation of Xeno-Free (XF) human embryon-
ic stem cell-derived neural stem cells (hES-NSCs) into the intact and traumatically injured immunodeficient rodent
brain. Shef4 and Shef6 XF hES-NSCs expressed markers characteristic of neural stem/progenitor cells in vitro via im-
munocytochemistry (ICC) and gPCR (e.g. Nestin, Sox2) and retained a normal karyotype. Magnetic sorting (MACS,
Miltenyi Biotec) was used to further enrich XF hES-NSCs for a self-renewing stem cell population (CD133+) and re-
move potential contaminating CD34+ cells of the hematopoietic and endothelial lineages. Multipotency of differ-
entiated CD133+/CD34- Shef6 XF hES-NSCs was confirmed at 28 days in vitro via expression of neural lineage mark-
ers (e.g. B-Tublll, GFAP, and Olig2). Additionally, unsorted and CD133+/CD34- sorted Shef6é XF hES-NSCs differed
in cellular morphologies and growth dynamics in vitro, with unsorted cells having increased cytoplasmic volume
and a slower rate of expansion. Upon stereotaxic transplantation into the intact immunodeficient NOD-Scid mouse
hippocampus, unsorted Shefé XF hES-NSCs failed to engraft (0/7, 0%) when examined 12 weeks post-transplant-
ation. Conversely, CD133+/CD34- sorted Shef6 XF hES-NSCs engrafted in the intact hippocampus with a high rate
of success (10/10, 100%), with a majority of SC121 positive human cells expressing the neuronal marker RB-Tublll
at 12 weeks post-transplantation. When transplanted into the traumatically injured Athymic Nude (ATN) rat brain
9 days after a controlled cortical impact (TBI-0310, Precision Systems and Instrumentation, LLC), CD133+/CD34-
Shef6 XF hES-NSCs engrafted, migrated, and extended long processes around the injury penumbra as well as in-
to the contralateral hemisphere via the corpus callosum. Human cell projections were found spanning more than



3mm anterior to posterior and 5mm contralateral from the initial injection sites at 8 weeks post-transplantation. In
summary, our preliminary data has demonstrated that sorting (CD133+/CD34-) of Shef6 XF hES-NSCs improves cell
engraftment and migration in a sub-acute TBI model, and thereby may produce a more clinically translatable cell
population. Future studies will aim to further explore contralateral cell migration/process extension and assess the
efficacy of cellular transplantation in promoting behavioral recovery after TBI.
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HUMAN DEVELOPMENTAL CHONDROGENESIS AS A BASIS FOR THE ENGINEERING OF CHONDROCYTES FROM
PLURIPOTENT STEM CELLS.

Ling Wu, Brooke Latour, Stephanie Gonzalez, Saumya Shah, Frank Petrigliano, David R. McAllister, Denis Evseenko
UCLA, Los Angeles, CA, United States

Articular cartilage is a highly specialized tissue formed from chondrocytes that protects the bones of diarthrodial
joints from forces associated with load bearing and impact, and allows nearly frictionless motion between the ar-
ticular surfaces. Cartilage injury and lack of cartilage regeneration often lead to osteoarthritis currently affecting
more than 25 million people in the United States alone, making joint surface restoration a major priority in modern
medicine. None of the previously published studies have reported the generation of a highly purified population of
pluripotnet stem cells (PSC)-derived chondrocytes, instead demonstrating the generation of a likely heterogeneous
population capable of depositing chondrogenic matrix molecules, the cell of origin of which cannot be tracked in
these systems. As a result, immunophenotypes and functional characteristics of the earliest cartilage cells derived
during differentiation of PSC were not known. To the large extend this knowledge was missing due to the complete
lack of the developmental studies dissecting the earliest stages of human chondrogenesis. In this study we have
isolated and characterized, for the first time, pre-chondrocytes and chondrocytes at 6-17 weeks of human devel-
opment. Pre-chondrocytes represent a unique, transitional population of cartilage-committed cells at the earliest
stages of articular joint development that gives rise to joint forming definitive peri-articular chondrocytes. Genome
wide comparison of pre-chondrocytes isolated at 6 weeks of development with peri-articular chondrocytes in fully
formed joints at 17 weeks of human development led to the identification of several markers for immunopheno-
typic tracing and FACS isolation of both cartilage cell types. The identification of specific molecular signature for
the earliest pre-chondrocytes and peri-articular chondrocytes will now permit further delineation of the molecu-
lar regulation of the first stages of chondrogenic commitment in humans. It may also contribute to understanding
of how these processes are affected during aberrant chondrogenesis in disease states. Finally, characterization of
the earliest primary cartilage cells provides essential knowledge for the generation of highly purified chondrocytes
from PSC and representing a unique target for cartilage tissue engineering.
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MATURATION OF INDUCED NEURONAL CELLS GENERATED FROM ADULT AND POSTNATAL FIBROBLASTS
FACILITATED BY SMALL MOLECULES

Cheen Euong Ang, Marius Wernig
Bioengineering, Stanford University, Stanford, CA, United States

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, Myt1l and
NeuroD1) or in combination with other transcription factors or microRNAs to generate other neuronal subtypes.
While mouse embryonic fibroblast to iN cell conversion is generally efficient and yields synaptically mature iN cells,
the reprogramming efficiency of human postnatal or adult fibroblasts to iN cells hovers around 2% and most res-
ulting neurons are of very immature appearance. Herein, | will describe our efforts in employing a high throughput
screening strategy to find small molecule inhibitors or agonists which can improve iN reprogramming efficiency. To
date, an inhibitor of the BMP and an agonist of the PKC pathway were found to be helpful in increasing the effi-
ciency of iN reprogramming by up to 2.5 fold for a mere three day drug treatment. Further characterizations using



immunofluorescence showed that the induced neuronal cells are positive for multiple mature neuronal markers as
early as 2 to 2.5 weeks post doxycycline induction which is faster than using BAMN alone. These results provide
(a) a basis on which further screenings can be done to find other small molecules that act synergistically with the
two small molecules and (b) a protocol in which induced neurons can be generated in sufficiently high amount for
human disease modelling and drug screening purposes.
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THE APPLICATION OF MULTIPLEX LIGATION-DEPENDENT PROBE AMPLIFICATION (MLPA) AS ROUTINE
EXAMINATION METHOD FOR GENETIC STABILITY OF HUMAN EMBRYONIC STEM CELLS

Jeoung Eun Leel, Sung Han Shim?, Myung Sun Shim?, Yuri Kim?, Sung-Geum Leel, Dong Ryul Leel

1CHA Stem cell Institute, CHA Uiversity, Seoul, Korea, Republic of, 2Dept of Biomedical Science, CHA Uliversity, Seoul,
Korea, Republic of

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, ge-
netic stability of hESCs should be proven during cultivation and differentiation in the chromosomal level at least. In
several studies regarding the chromosomal integrity during long term culture, the most results showed that hESCs
were stably maintained after freezing/thawing and long-term culture. But some reported that hESCs had developed
chromosomal aberration during in vitro culture. Therefore, hESCs have to be routinely tested at least chromosomal
level to verify deleterious changes during maintenance and differentiation. The MLPA is a fast method designed
for simultaneous quantification of copy numbers of several dozens of specific genomic sequences. MLPA is easy to
perform and requires only 20ng of DNA sample, and is mainly used for diagnosis such as copy number changes of
human genomic DNA sequences. Here, we reported the results of genetic stability test by MLPA (SALSA MLPA Kit
P070; detection of deletion/duplication) and traditional karyotyping using G-banding in cultivated 10 hESC lines.
In early and late passages (cultured for more than 50 passages), chromosomal abnormality of CHA-hES 15, 20, 31,
32, 36, 45, B3 (maintained on mouse feeder cells), 40, 42 (maintained on human feeder cells in xeno-free culture
condition), and H1 (maintained on mouse feeder cells) was analyzed by using those two methods. In the present
study, the MLPA results corresponded with the karyotyping results. CHA-hES 15, 20, 31, 40, B3 and H1 were 46,XY,
and CHA-hES 36 was 46,XX. CHA-hES 32 was 46,XX,inv(9). Interestingly, CHA-hES 42 and 45 were chromosomally
abnormal at early passage, 47,XY,+5 and 47,XX,+16 respectively, and then changed spontaneously to normal karyo-
type during cultivation, 46,XY and 46,XX respectively. It was suggested that the MLPA does not detect polyploidy
(like triploid/tetraploid) and translocation, but can detect deletion or duplication of chromosome easily and quickly.
Therefore, we may suggest that MLPA analysis can be applicable for routine chromosome analysis of hESCs due to
their convenience after MLPA and karyotyping were performed at early stage. Also, when MLPA detected the dele-
tion or duplication, karyotyping should be performed for confirming the genetic abnormality of hESCs.
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INEFFICIENT INDUCTION OF HUMAN EMBRYONIC STEM CELLS TO KERATINOCYTE STEM CELLS POPULATION
DURING EARLY STAGE OF EPIDERMAL COMMITMENT: A KEY PLAYER IN LIMITED PROPAGABILITY?

Mehdi Mohammad Movahednia, Fahad Karim Kidwai, Yu Zou, Huei Jinn Tong, Tong Cao
Dentistry, National University of Singapore, Singapore, Singapore

Background: Upon first derivation of human embryonic stem cells (hESCs), they attracted lots of excitements, con-
centrated in developmental research models and future regenerative therapies, due to their unique ability to dif-
ferentiate into all 3 germ layers in vitro. Successful hESCs differentiation toward particulate lineage can be achieved
through exposure to selective growth factors and/or by providing a co-culture system with specific inducing lineage.
In this notion various differentiation methods toward hESCs-derived keratinocyte (hESCs-Ker) have been reported
to provide a pure epidermal population with extended replicative capacity. However, in all of those methods pres-
ence of xenogeneic compounds was far from clinically accepted procedures. Recently, we reported the successful



establishment of Autogenic Feeder Free (AFF) system provided by extra cellular matrix (ECM) derived from hESCs-
fibroblast, able to provide pure population of hESCs-derived keratinocyte (AFF-Ker) in xeno free environment after
10 days differentiation. However, research and future clinical applications of AFF-Ker system were hampered by
their limited propagation (till day 40 day). Therefore, it was our interest to unravel this limited replicative capa-
city and early senescence in compare to hESCs-Ker, differentiated in presence of feeder. We identified hierarchy of
keratinocyte population during differentiation and found that keratinocyte stem cells (KSCs) are the key regulatory
factor in hESCs-Ker growth capacity. We speculated that alteration in culture condition during differentiation can
increase this population and consequently extends hESCs-Ker propagation.

Methods: hESCs-Ker was provided in two differentiation system, autogenic co-culture (ACC) system in which hESCs
cultured on hESCs-fibroblast and autogenic feeder free (AFF) system, utilizing hESCs-fibroblast ECM as a microen-
vironment. Culture condition alteration performed during 10 days of differentiation in AFF system following by KSCs
population quantification by flow cytometry analysis.

Results: Efficient induction to KSCs at early stage of epidermal commitment plays a critical role in hESCs-Ker future
growth capacity. hESCs-Ker in AFF system posed limited replicative capacity due to the low percentage of KSCs pop-
ulation. Alternatively, KSCs population was found to be significantly higher in propagable hESCs-Ker, in ACC system.
Induction to pure population of KSCs in AFF system was performed through culture modification during epidermal
commitment. AFF-Ker differentiated in modified condition showed 16+2.4 (SE) population doublings over 70 days
with delayed expression of senescence associated B-galactosidase (SA-B-Gal) activity. Moreover, AFF-Ker with ex-
tended propagation showed decreased accumulation of cyclin-dependent kinase inhibitor proteins, p16 and p21,
concomitant with slower telomere erosion rate.

Conclusion: hESCs-Ker with extended culturing time provided by efficient induction of KSCs at early stage of epi-
dermal commitment. These findings open a new perspective in extending hESCs-derived keratinocyte as an authen-
tic research model. Moreover, this study will enhance the industrial and future clinical application of hESCs-derived
keratinocyte.

W-1147

BETA-CATENIN SIGNALING PATHWAY REGULATES THE NON-TUMORIGENESIS OF HUMAN EMBRYONIC STEM
CELLS CULTURED ON HUMAN UMBILICAL CORD STROMAL CELL FEEDERS

Dah-Ching Dingl, Yu-Hsun Changz, Tang-Yuan Chu3
1Dept of Obstetrics and Gynecology, Buddhist Tzu Chi General Hospital, Tzu Chi University, Hualien, Taiwan, ADept
of Pediatrics, BDept of Obstetrics and Gynecology, 2Buddhist Tzu Chi General Hospital, Hualien, Taiwan

The expansion of pluripotent human embryonic stem cells (hESCs) requires a culture on feeder layers of mouse
embryonic fibroblasts (MEF). This culture model often involves immunogenic contamination such as xeno-carbo-
hydrate, and inevitably forms teratoma in vivo. We used human umbilical cord-derived mesenchymal stem cells
(HUCMSC) as the feeder for hESCs. Under a mitomycin-inhibited HUCMSC feeder, the hESCs maintained the fea-
tures of embryonic stem cells (pluripotency, immortality, unlimited undifferentiated proliferation, and maintenance
of normal karyotypes) after a prolonged culture of more than 20 passages.

Notably, in extensive trials, no teratomas were formed in xenografts in NOD/SCID mice, however subsequent re-
sumption of teratoma formation was noted upon transient co-culturing with MEF. HUCMSC feeders may confer
an “epiblast-like” status on hESCs. Interestingly, among the four pluripotency-conferring genes, MYC was found to
be down-regulated in hESCs co-cultured with HUCMSC. We propose that MYC-mediated tumorigenic pathways are
down-regulated in hESCs under this coculture model. This means that hESCs on HUCMSC may be reprogrammed to
a non-tumorigenic epiblast such as stem cells.

In this study, we found that the B-catenin signaling pathway is an important signaling pathway which regulates the
tumorigenicity of hESCs. We demonstrated that the B-catenin antagonist, FH535, could down-regulate B-catenin
and c-MYC transcription and translation in vitro. Furthermore, FH535 also reduced the teratoma formation rate of
hESCs/MEF in vivo. We also demonstrated that the B-catenin enhancer, LiCl, could up-regulate B-catenin and c-MYC



transcription and translation in vitro. Moreover, LiCl could promote the teratoma formation of hESCs/HUCMSC in
vivo.

Based on these findings, we conclude that the WNT/B-catenin pathway is an important but not the only signaling
pathway which controls the tumorigenicity of hESCs.

Hematopoietic Cells
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ANGIOPOIETIN-LIKE PROTEIN RECEPTORS STIMULATE HSC DEVELOPMENT THROUGH DIRECT INTERACTION WITH
NOTCH.

Michelle I. Linl, Emily N. Pricel, Sruthi Satishchandranl, Charles W. Carspeckenl, Audrey Uongl, Anthony DiBiasel,
Jon C. Asterz, Richard M. White3, Leonard I. Zon?
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States, 2Pathology, Brigham and Women's Hospital, Boston, MA, United States, 3Medicine, Memorial Sloan-Ketter-
ing Cancer Center, New York, NY, United States

Members of the angiopoietin-like protein (angptl) family have recently been identified as novel growth factors, cap-
able of stimulating ex vivo expansion of mouse and human HSCs. However, their requirement during development
and their mechanism of action are still very much unknown. To first recapitulate the effects of exogenous angptl
on HSC expansion, we generated a stable heatshock inducible transgenic zebrafish line to overexpresses angptl2
and found that these embryos showed a significant increase in cmyb- and runx1-positive HSCs in the aorta-gonad-
mesonephros (AGM) region, the site of definitive hematopoiesis. Conversely, anti-sense morpholino knockdown of
angptll and 2 resulted in a decrease in cmyb/runx1-positive HSCs in the AGM, suggesting that angptls are sufficient
and required for definitive hematopoiesis. These double morphants also displayed a disruption in vascular develop-
ment and differentiation prior to the defect observed in the AGM, indicating that angptl regulation of HSC develop-
ment occurs through an early specification of the hemogenic endothelium. Because angptl morphants phenotypes
resemble that found in the notch mutant mindbomb, mib, we asked if there is a genetic interaction between notch
and angptl signaling. Using a transgenic notch reporter line, we see that knocking down angptll and 2 caused de-
creased notch signaling. Surprisingly, the HSC defects normally observed in mib embryos were rescued when an-
gptl2 is overexpressed, implying that angptl2 acts downstream of mindbomb signaling. When we overexpressed a
constitutively active form of notch in angptll and 2 double morphants, restored HSC formation was observed. To-
gether, these genetic data corroborated our hypothesis that angptls can regulate notch signaling. To further dissect
this relationship, we stimulated cultured human CD34+ cells with purified Angptl2 and found an increase in Notch
receptor cleavage, indicating that Angptl2 can induce Notch receptor activation. Through endogenous co-immun-
oprecipitation experiments in CD34+ cells, we also found that the Angptl receptor, LILRB2, interacted with Notch
receptor either in the transmembrane or intracellular region. This strongly indicates a direct regulation of Notch
activation/signaling by Angptls through physical interactions between Notch and Angptl receptors. Finally, in order
to examine downstream signaling of Angptl-mediated Notch activation, we performed ChlP-seq for Notch in Ang-
ptl2-stimulated CD34+ cells and found enrichment for Myc binding elements. Independent microarrays performed
from the same cells also revealed a strong Myc signature through GSEA analysis. Thus, to test the hypothesis that
myc is a common downstream mediator for angptl and notch signaling, we overexpressed zebrafish myc-b in ang-
ptll and 2 double morphants or mib mutants, and found a significant rescue in HSCs formation in the AGM. Togeth-
er, these results indicate that angptl can regulate notch signaling through receptor interaction, leading to activation
of myc target genes during definitive hematopoiesis. Our data provide new insights to the previously uncharacter-
ized angptl signaling during HSC development and present a novel mechanism of action for non-canonical notch
activation.
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HEMATOPOIETIC ENGRAFTMENT OF AMNIOTIC FLUID STEM CELLS FOLLOWING IN UTERO TRANSPLANTATION
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Background:
Fetal immune tolerance is the most compelling rationale for prenatal stem cell therapy for congenital blood dis-

orders. However, experimental in utero transplantation (IUT) of allogenic hematopoietic stem cells gives limited
chimerism in the blood, and maternal humoral and cellular immune responses are thought to be to be responsible
for loss of engraftment. Amniotic fluid stem cells (AFSC) are an appealing cell source for IUT as they are autologous
to the fetus, non-immunogenic to the mother, and have shown hematopoietic potential when transplanted post-
natally. The aim of the present study was to determine whether IUT of autologous (congenic) AFSC would result in
hematopoietic engraftment in immune-competent mice.

Methods:

IUT was performed in timed-pregnant wild-type C57BL/6J mice (n=3; CD45.2+). To mimic autologous AFSC IUT,
lineage-depleted/c-Kit+ AFSC were isolated at E13.5 from C57BL/6J dams expressing CD45.1 (n=2; CD45.1+; con-
genic AFSC). IUT was performed at E13.5, and 10,000 freshly isolated AFSC were injected into the peritoneal cavity
of each fetus (n=15). Donor cell engraftment in transplanted pups was assessed at 4 weeks of age by flow cyto-
metry as the percentage of CD45.1+ cells isolated from blood and hematopoietic organs. Chimerism was defined as
more than 1% (of total) CD45.1+ cells. Bone marrow (BM) derived cells from chimeric pups were used to perform
colony-forming assays. Results are expressed as mean+SE.

Results:

Freshly isolated c-Kit+ AFSC expressed pluripotency (c-myc, KIf4, Oct4, Sox2, SSEA1), as well as hematopoietic mark-
ers (Scal, CD34, CD45.1). The miscarriage rate following IUT was 33.3% (5/15) and there were no maternal complic-
ations. Chimerism in the blood and BM was observed in 100% (4/4) of transplanted pups at 4 weeks (CD45.1+ cells
in blood: 5.8£1.2% of total; BM: 10.9+£1.6% of total). Transplanted (CD45.1+) cells contributed significantly to hem-
atopoietic stem cell (7.0+1.3% of CD34+; 7.2+1.9% of c-Kit+) and lymphocyte (8.8+2.2% of CD4+ cells; 11.6+2.0% of
CD8+) populations in the blood, and similar results were observed in BM (18.1+1.8% of CD34+; 15.2+0.8% of c-Kit+;
19.4+1.7% of CD4+; 12.7+1.2% of CD8+). Moreover, there was substantial engraftment in other haematopoietic or-
gans including the thymus (CD45.1+ cells: 10.41£5.3% of total; 38.5£6.8% of CD34+; 39.3+5.3% of c-Kit+; 38.845.4%
of CD4+; 41.542.3% of CD8+), spleen (5.2+1.0% of total) and liver (4.3+0.3% of total). Colony forming assays of BM
cells from chimeric pups (n=2) demonstrated formation of hematopoietic colonies (BFU-E: n=18; CFU-GM: n=72;
CFU-M: n=15), and CD45.1+ cells represented 6.2+1.2% of the total cells harvested after 12 days of culture.
Conclusion:

Prenatal transplantation of AFSC results in successful hematopoietic engraftment in an immune-competent murine
model of autologous (congenic) stem cell IUT. Further work will determine whether these engrafted cells have hem-
atopoietic potential when transplanted secondarily in immune-deficient mice and whether IUT of AFSC is effective
for prenatal therapy in murine models of congenital blood disorders.

W-1153

REGULATORY FUNCTION OF HEMATOPOIETIC STEM/PROGENITOR CELLS THROUGH THE ARYL HYDROCARBON
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To

elucidate the biological functions of the aryl hydrocarbon receptor (AhR),

which transmits various xenobiotic responses, it may be strategically

worthwhile to analyze tissue stem cells as a model because the expression level

of AhR tends to gradually decrease as stem cells differentiate. Because we have

recently found that AhR-knockout (KO) mice show an earlier onset of spontaneous

neoplasms and a much shorter lifespan than wild-type mice, AhR is assumed to have

a suppressor gene function. In this study, we focus on the biological function of AhR in

hematopoietic progenitor cells and the cell cycle regulation of these cells to

elucidate the relevant mechanism that may explain such an advantageous function

of AhR. In the comparison of AhR-KO mice with wild-type mice, 1) the cell cycle status of hematopoietic
stem/progenitor cells (colony forming unit (CFU) granulocyte-macrophage (GM); day 9 CFU in spleen (CFU-S9); and
day 13 CFU-S (CFU-S13)) was examined

by evaluating cycling stem/progenitor cells with

continuous incorporation of bromodeoxyuridine (BrdUrd) in vivo for up to 13 weeks followed by exposure to ultra-
violet A light to eliminate only

BrdUrd-incorporating cells, and 2) comprehensive gene expression analysis of

bone marrow cells in the steady state was carried out using an

Affymetrix GeneChip® Mouse Genome 430 2.0 Array. As a result, 1) AhR-KO mice showed

an increased percent kill (percentage of BrdUrd-incorporating stem/progenitor

cells) of CFU-S13 or a decreased percent kill of CFU-GM during the initial 1 hr

(S phase fraction); a shortened doubling time of CFU-S9: and an increased

percent kill of all the stem/progenitor cells, CFU-GM, -S9, and -S13, at a plateau

level (entire cycling fraction). In other words, although those from AhR-KO

mice showed different times to reach the plateau level, none of them showed

continuously increasing BrdUrd incorporation rate, but maintained the level at

least until 13 weeks, as in the wild-type mice, which once reached a plateau

level after 8 weeks of age then kept the level until 18 months of age. 2) Three

hundred and fifteen probe sets were selected as showing significantly different

expression levels between AhR-KO and wild-type mice. Among them, 276 genes including

51 cell-cycle regulators were identified by Ingenuity Pathway Analysis. Moreover,

their biological functions, which were considered on the basis of their

expression levels, were elucidated as to be related to the acceleration of cell

cycle (e.g., up-regulation of bromodomain-containing

protein 4 and pim-1, down-regulation

of transcription factor 3), suppression of apoptosis (e.g., up-regulation

of BCL2-like 1, down-regulation of caspase 7

and Fyn), and tumorigenesis (e.g., down-regulation of mitogen-activated protein kinase 9 /Jun kinase 2, Smad4,
and RNA polymerase Il, TATA box binding protein-associated factor). Thus,

steady-state hematopoiesis is presumed to be suppressed via AhR signaling by a

possible physiological ligand, which is as yet not identified in wild-type AhR*/*

mice. The possible regulation of hematopoietic stem cells that maintains the

fraction of dormant hematopoietic stem cells may have mechanistic relevance in

terms of a possible genomic stabilization by AhR, which should be elucidated. Nevertheless, such a deceleration of
the

cell cycle in hematopoietic stem/progenitor cells contributes to a longer stem

cell survival, which may be the reason for the extension of animal lifespan.
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ACCELERATIVE EFFECT OF AUTOLOGOUS BONE MARROW ON HEALING OF MANDIBULAR FRACTURES IN MALE
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Recent researches have shown that mandibular fractures are the most common fractures in male camels. Healing
of mandibular fracture in camels takes relatively long time in which the animal might die due to its inability to eat.
Bone marrow contains many cellular elements that may contribute to fracture repair. Several studies on laborat-
ory animals and humans have shown that injection of bone marrow cells significantly enhances healing of bone
fracture. The aim of this study was to investigate the effect of bone marrow cells on the acceleration of mandibu-
lar fracture healing in male dromedary camels. In addition to physical examination, bone healing was evaluated by
bone biomarkers (formation and resorption) and x-ray imaging techniques. Twenty four mandible-fractured adult
male camels were divided into four groups:6 were fixed with interdental wiring technique with injecting bone mar-
row sample at the fracture line (IWBM), 6 were fixed with interdental wiring without adding bone marrow(IW), 6
were fixed with screws and plates with injecting bone marrow at the fracture line (SPBM), and 6 were fixed with
only screws and plates (SP). Autologus bone marrow samples were collected from the tuber coxae (6 Ml) and dir-
ectly injected at the fracture line on the day of bone fixation surgery (day 0) and 14 days post surgery (day 14).
Blood samples were collected weekly and x-ray radiography were performed every 14 days. Bone formation bio-
markers including osteocalcin (OC) and bone alkaline phsphatase(BAP) and bone resorption biomarkers including
pyridinoline (PYD) and deoxypyridinoline (DPY) crosslinks were determined in the serum samples. The mean levels
of calcium and phosphorus were also determined in the serum samples. The time took up for complete fracture
healing was significantly shorter in groups using bone marrow compared with those without injecting BM. The
levels of OC and BAP were significantly increased in all groups, but they were higher starting at day 14 post surgery
in groups with BM compared with those without BM. A positive correlation was observed between x-ray radio-
graphs and the concentration of bone formation biomarkers starting from day 28 post surgery. It was concluded
that injecting fresh bone marrow directly on the fracture line was able to accelerate the healing of mandibular frac-
ture in dromedary camels.
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REPROGRAMMING HUMAN COMMITTED ERYTHROBLASTS EXPANDED FROM BLOOD TO MULTI-POTENT BLOOD
PROGENITORS

Bin-Kuan Chou, Xiaosong Huang, Siddharth Shah, Linzhao Cheng
Institute for Cell Engineering, Johns Hopkins Univ, Baltimore, MD, United States

Despite extensive efforts in the past decades to expand transplantable CD34+ human hematopoietic stem/progen-
itor cells (HSPCs) that are able to give rise to multiple lineages of human hematopoietic cells after clinical trans-
plantation, more research is still required to achieve ex vivo expansion of human HSPCs. Ex vivo production of trans-
plantable HSPCs from human ES cells and more recently from iPS cells has been actively pursued in the past sev-
eral years, but so far this approach has proved difficult. This is likely due to the lack of a culture condition enabling
self-renewal and/or anti-differentiation of human HSPCs in culture. The concept of cellular fate conversion by the
iPS reprogramming factors that convert cells to a self-renewing state may provide a novel route to achieve HSPC
expansion. We took a different approach by reprogramming human committed blood mononuclear cells (MNCs)
back to HSPCs. To this end, we started with cord blood MNCs that have been cultured under an erythroblast culture
condition for 7-10 days. As predicted, the expanded cells are mostly erythroblasts expressing CD36 and CD235a,



able to form erythroid colonies (very few myeloid colonies), and lacking lymphoid and myeloid cells as we pre-
viously reported (Chou et al., 2011). We further purified the starting cells by sorting the CD34-CD36+CD45+ cell
population, in order to exclude possible HSPC (CD34+) contamination. The sorted cells were infected by a single
retroviral vector expressing the standard 4 iPS factors. Instead of putting cells under a culture condition of iPS
cell induction, the infected erythroblasts at day 2 post transduction were cultured under conditions favoring HSPC
growth that include SCF, TPO and FLT3 ligand. In the absence of feeder cells, we observed a transient population
of CD34+CD45+ cells characteristic of human HSPCs. Similar to the culture of primary CD34+ HSPCs, these induced
CD34+CD45+ cells could not be sustained for more than 3 weeks: resulting cells are either CD34-CD45+ cells in
suspension or CD34+CD45- adherent cells. In the presence of stromal cells, however, we observed the prolifera-
tion of CD34+CD45+ cells from day 14 post-infection that continued for at least 8 weeks. The standard methylcellu-
lose colony-forming assays confirmed the CD34+CD45+ cells can form both myeloid and erythroid colonies (1% and
0.2%, respectively). The conversion from human CD34-CD36+ committed erythroblasts to CD34+ HSPCs within 2-3
weeks required the iPS reprogramming vector; a GFP control vector is insufficient. Our finding suggests that human
committed blood cells can be reprogrammed back to multipotent and expandable blood progenitors, without the
need of iPS cell derivation and expansion. We are currently testing the potential of the directly reprogrammed and
expanded CD34+CD45+ cells to lymphoid lineages and to engraft in mouse models. We are also examining if we can
achieve the same result by using non-integrating vectors and adult MNCs as we did previously for iPS cell derivation
(Chou et al., 2011). If successful, our approach provides an alternative method to expand patient-specific HSPCs ex
vivo for research and for future clinical transplantation.
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A ROLE FOR STROMA-DERIVED OSTEOPONTIN IN HEMATOPOIETIC STEM CELL AGING
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Hematopoietic stem cells (HSCs) are located within bone marrow (BM) in a specific microenvironment referred to
as the stem cell niche. HSCs as well as more differentiated hematopoietic cells interact in the BM with non-hema-
topoietic cells (CD45- cells) called stroma cells. The interaction of stroma cells with HSCs is central to hematopoiesis
for regulating cell proliferation, self-renewal, differentiation and location. This interaction is supposed to be reg-
ulated by cytokines as well as signalling mechanisms that are at least in part initiated by cell-to-cell interactions.
Aging of HSCs is linked to a decreased immune response, an increase in myeloid disease and a reduced regener-
ative capacity. It is supposed to be driven by primarily stem cell intrinsic mechanisms, and only more recently also
stem cell extrinsic mechanisms of HSC aging are being discovered. We thus hypothesized that HSC niches age, and
that these aging-associated changes impair HSCs function.

Flow cytometric analyses of BM stroma cells located at the endosteum from either young (2 month) or old C57BL/6
mice (22 month) demonstrated a significant decrease in the frequency of CD45- cells and of the osteoblastic sub-
population CD45-CD44+ in aged mice. Osteopontin (OPN) is a secreted glycoprotein expressed by osteoblasts loc-
ated close to the endosteum. It regulates the HSC pool size by regulating HSCs quiescence. Further investigating a
role of OPN in aging, a significant decrease in expression (by real time PCR) and secretion (by ELISA assay) of OPN
in aged stroma was detected, with a significant decrease of the frequency of CD45-OPN+ stroma cells in aged mice.
We next tested whether the decrease of OPN in stroma upon aging might be causatively linked to aging of HSCs.
In vitro trans-well co-culture experiments of young and old hematopoietic stem and progenitor cells (HSPCs) on
young, old and OPN KO stroma cells demonstrated a reduction of the number of LSK cells (Lin-Scal+c-kit+) after
2 days in the presence of old and OPN KO endosteal stroma cells compared to cells co-cultured on young stroma.
Heterochronic transplants of young and old BM cells into young, old and OPN KO mice revealed that an aged envir-
onment supports aging-associated lineage skewing of HSCs (myeloid over lymphoid), a decrease in overall engraft-
ment and an increase in the frequency of long term HSCs (LT-HSCs). OPN KO recipients, similarly to aged recipients,
also presented with a significant decrease in stem cell engraftment but an increase of the frequency of LT-HSCs,
implying a causal role for reduced OPN in aged stroma for regulating aging-associated phenotypes of HSCs. We re-



cently reported that the majority of young HSCs is polar for planar cell polarity proteins and tubulin as well as for
acetylated HistoneH4 at Lysinel6 within the nucleus (AcH4K16), while the majority of aged HSCs is apolar. Finally
we thus investigated the polarity status of LT-HSCs from each of the experimental group of the heterochronic trans-
plants by single cell immunofluorescence staining. Interestingly young and thus polar LT-HSCs, when transplanted
into either aged or OPN KO mice turned apolar for tubulin and AcH4K16, while young HSCs transplanted in young
mice remained polar. Therefore, aging-associated reduction in OPN expression in stroma implies a novel and critic-
al role for HSCs aging.
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THE ROLE OF ACTIVATED LEUKOCYTE CELL ADHESION MOLECULE (ALCAM / CD166) IN HEMATOPOIESIS AND
HEMATOPOIETIC STEM CELL NICHE

Brahmananda Reddy Chitteti, Michihiro Kobayashi, Yinghua Cheng, Peirong Hu, Bradley Poteat, Hal E. Broxmeyer,
Louis M. Pelus, Melissa A. Kacena, Edward F. Srour
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Hematopoietic stem cell (HSC) fate is controlled by ligand-counter ligand interactions that are expressed inde-
pendently on HSC and hematopoietic niche (HN) elements. To date, not a single surface marker has been iden-
tified as a common marker expressed on murine and human HSC and on cells of the HN. We previously demon-
strated that CD166 expression tracks the maturational status of osteoblasts (OB) and promotes higher hematopoi-
etic enhancing activity (HEA). In co-culture studies, hematopoietic potential of HSC declined precipitously with in-
creasing maturational status of OB concomitant with loss of CD166 expression. Fractionation of OB with lineage,
Scal, osteopontin (OPN), CD166, CD44, and CD90 revealed that OB with high Runx2, low osteocalcin expression,
and with Lin-Scal-OPN+CD166+CD44+CD90+ phenotype maintain higher in vitro and in vivo HEA compared to
CD166- counterparts. Given that CD166 can mediate homophilic cell-cell interactions, we investigated the role of
CD166 in identifying HSC and the impact of CD166 on hematopoiesis, HSC engraftment, and the HN. Interestingly,
CD166+, but not CD166- fractions of murine and human repopulating HSC identified by a rigorous hierarchical
classification for each species mediated robust long-term engraftment. In the murine system, Lineage- Scal+ ckit+
(LSK) CD48-CD150+CD166+ cells mediated significantly higher chimerism 4 months post-transplantation (PT) com-
pared to LSKCD48-CD150+CD166- cells suggesting that CD166 identifies long-term repopulating cells beyond what
is possible with SLAM markers. Similarly, in the human system, cord blood-derived Lin-CD34+CD38-CD49f-CD166+
cells and Lin-CD34+CD38-CD49f+CD166+ cells engrafted 16 weeks PT in conditioned NSG mice significantly higher
than Lin-CD34+CD38-CD49f+CD166- cells demonstrating that the CD166+ but not the CD166- fraction of CD34+Lin-
CD38- cells contains long-term engrafting human HSC. In CD166 knockout (KO) mice, numbers of LSKCD48-CD150+
cells in the marrow and Lin-CD48- cells in circulation were significantly reduced relative to wild-type (WT) controls.
LSK cells from CD166-/- mice failed to engraft in lethally irradiated WT recipients. Short-term repopulating cells en-
grafted efficiently in KO mice 1mo PT, but declined substantially thereafter demonstrating that the CD166-/- HN
cannot support long-term repopulating cells. We assessed the impact of homophilic CD166 interactions on the HEA
of OB using a co-culture system and demonstrated that high HEA was detected when both OB and LSK cells ex-
pressed CD166. Reconstitution kinetics data and survival of KO mice under hematopoietic stress conditions sugges-
ted that CD166-/- HSC have an intrinsic self-renewal capacity precluding them from both rapid proliferation and
expansion and maintenance of the stem cell pool in the HN. Since Stat3 has 3 binding sites on the CD166 promoter,
we examined the relationship between expression of Stat3 and CD166. Pharmacologic inhibition of Stat3 expres-
sion led to a simultaneous inhibition of CD166 expression. Overall, our data illustrate that CD166 is a universal
marker of both murine and human HSC and OB within the HN and suggest that CD166 may modulate HSC-niche
interactions and impact stem cell fate. The conserved homology between murine and human CD166 provides an
excellent bridge between human and murine studies for efficient translational investigations and interventions for
enhancing stem cell engraftment and clinical utility.
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DEVELOPMENT AND CHARACTERISATION OF A DYNAMIC EX VIVO BONE MARROW (BM) NICHE
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Background: Ex vivo hematopoietic stem cell (HSC) niche recapitulation and HSC self-renewal remain among the
holy grails of stem cells biology. Despite decades of laboratory and clinical research, the expansion of human HSC,
capable of contributing to long-term engraftment in transplant recipients, has not been achieved. At present, the
most promising HSC culturing techniques are cytokine/growth factor-supplemented liquid suspension cultures and
2-dimensional (2D) monolayer co-cultures. Co-cultures are intended to mimic the multicellular HSC niche environ-
ment, but their 2D geometry does not effectively mimic native cellular organization and ultimately this comprom-
ises the quality of the mimic. Our group has developed the first high-throughput, scaffold-free 3-dimensional (3D)
HSC co-culture system. We use an in-house fabricated microwell surface to assemble hundreds-to-thousands of
multicellular microaggregates, each containing 100 bone marrow (BM) derived mesenchymal stromal cells (MSC)
and 10 human umbilical cord blood (UCB)-derived CD34+ cells - we term these mimics “micromarrows”. Herein,
we contrast the capacity of this 3D niche mimic to expand/maintain umbilical cord blood-derived CD34+CD38- cells
relative to conventional 2D co-cultures.

Methods: The microwell surface was fabricated from polydimethylsiloxane (PDMS) and modified with an electro-
static multilayer to prevent cellular adhesion to the PDMS surface. The micromarrows were assembled with a ratio
of 100 MSC to 10 CD34+ cells. Control 2D co-cultures were performed in parallel by seeding the same number of
MSC and CD34+ cells in fibronectin-coated wells. Co-cultures were maintained for 7 days in a 2% 02, 5% CO2 atmo-
sphere in serum-free X-Vivo 15 medium (Lonza), supplemented with a minimal amount of cytokine (10 ng/ml SCF).
Furthermore, we tested the effect of growth factors that act indirectly, via MSC, on hematopoietic cells in 2D and
3D co-cultures and determined the number of CD34+CD38- cells. Cultures were characterized using fluorescence
flow cytometry and confocal microscopy.

Results: Our results indicate that the scaffold-free 3D co-culture system supports the expansion of UBC-derived
CD34+ cells and exhibits significantly more expansion of the CD34+CD38- cell population, compared to 2D co-cul-
tures. During the first 3 hours of 3D co-culture, spontaneous cell aggregation occurs with hematopoietic cells organ-
izing within the bulk MSC microsphere. Over the subsequent culturing period, the bulk MSC aggregate continues
to condense, while hematopoietic cells ‘spill’ out of the microsphere as they migrate and/or proliferate, forming
a proximal expanding cell pool. The addition of certain growth factors that act on MSC to co-cultures resulted in
comparable CD34+ expansion in both 2D and 3D co-cultures; however, the CD34+CD38- population was depleted
at a much lower MSC density in 2D compared to 3D.

Conclusion: Preliminary results suggest that 3D co-culture is a promising expansion platform for HSCs and may be
a promising platform for BM niche recapitulation. The indirect effect of HSC differentiation factors is ameliorated in
3D co-cultures, suggesting this co-culture platform may be suitable for preserving more primitive HSC populations
over long culturing periods. Moreover, this culturing system may serve as a tool to study complex HSC-MSC inter-
actions ex vivo, such as those that drive HSC quiescence, proliferation, differentiation, migration and apoptosis.
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HETEROGENEITY OF YOUNG AND AGED MURINE HEMATOPOIETIC STEM CELLS REVEALED BY QUANTITATIVE
CLONAL ANALYSIS USING CELLULAR BARCODING
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The number of hematopoietic stem cells (HSCs) that simultaneously contribute to blood formation, and dynamics
of their clonal contribution is a matter of on-going discussion for the last five decades. Recent discoveries of hetero-
geneity of differentiation, migration and cycling behavior within the HSC pool further complicate this question. It is
unclear how different HSC behaviors co-manifest within the same animal, what the number of active HSCs at a mo-



ment of time is and what the dynamics of polyclonal hematopoiesis upon aging is. Here we utilized combination of
cellular barcoding technique and multiplex deep sequencing detection for high-resolution, quantitative, sensitive
analysis of clonal fluctuations in hematopoietic system. Using this system, we studied clonal behavior of hundreds
of young and old hematopoietic clones in mono-, oligo- and polyclonally repopulated mice and addressed different
levels of HSC heterogeneity. Blood analysis showed that the majority of transplanted clones stably contributes to
hematopoiesis over time, however clonal output in granulocytes, T cells and B cells is substantially different. While
the clonal repertoire remained consistent from 12 up to 54 weeks post-transplant, contributions of the clones were
dynamically changing, most of the clones either growing or declining in time. We further analyzed the population
of primitive cells in the bone marrow and observed that HSC clones were mosaically distributed throughout the
skeleton of the mice. Comparison of old and young HSCs revealed that the pool of old HSCs is composed of multiple
small clones while young HSC pool can be dominated by a few clones. These data supports the theory of clonal
stability of hematopoiesis, and at the same time demonstrate that this process is dynamic. We confirm that cellular
barcoding analysis is instrumental in addressing multiple levels of heterogeneity in clonal HSC behavior in poly-
clonal system.
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THE FRIZZLED DOMAIN FROM COLLAGEN XVIII (FZC18) CONTROLS HEMATOPOIESIS AND MYELOIDOGENESIS IN
MICE
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Ritva Heljasvaara, Taina Pihlajaniemi
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Collagen XVIII (Col18), characterized by the antiangiogenic/tumor-suppressive endostatin domain at its C-terminus,
occurs as three N-terminal variants. The corresponding gene has two promoters, promoter 1 encoding the shortest
variant and promoter 2 the middle and longest variants. The longest variant is characterized by a frizzled-like do-
main (FZC18), known to be shed from full-length Col18, and shown to act as a soluble inhibitor of the Wnt3a/beta-
catenin pathway. In view of the known importance of Wnt3a in hematopoietic stem cell (HSCs) development and
myeloidogenesis, and the fact that Col18 is expressed in the bone marrow, we decided to investigate the effects of
lack of Col18 on mouse hematopoiesis.

Using total and promoter-specific knockout mice for Col18, as well as mice overexpressing FZC18 under the keratin
14 (K14) promoter, the whole hierarchy of HSCs was screened for alterations in the numbers of self-renewable HSCs
(srHSCs), multipotent precursors, myeloid and lymphoid precursors and mature bone marrow myeloid cells. The
same mouse cohorts were also screened for differences in blood and spleen leukocyte counts and for embryonic
HSCs at different developmental stages. Furthermore, in vitro long-term bone marrow cultures and myeloid cells
cultures were adopted to clarify the role of FZC18 domain in hematopoiesis and myeloidogenesis.

Our data show for the first time a role for Col18 in hematopoiesis, as witnessed by a significant increase in HSCs
in the knockout mice, both in the whole bone marrow as well as at specific stages during embryonic development.
This effect was found to be more pronounced in promoter 2 knockout mice, recoverable in vitro with purified FZC18
protein, and totally absent in knockout mice overexpressing FZC18. As a consequence of HSCs impairment, a signi-
ficant hematopoietic reprogramming towards myeloid progenitors was observed, which resulted in a wide increase
of monocyte and granulocyte counts in the blood accompanied by a marked decrease in immature myeloid cells
(IMCs) within the bone marrow.

Altogether, specific ablation of the middle and longest Col18 variants leads to an increase in srHSCs which reflects
on peripheral monocyte and granulocyte accumulation, without any appreciable effect on the specific compart-
ment of the immune response. These data thus provide evidence of novel roles for Col18 and its FZC18 variant,
capable of binding Wnt molecules, as endogenous controllers of myeloidogenic commitment during HSC develop-
ment.
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AUTOLOGOUS UMBILICAL CORD BLOOD FOR REGENERATIVE MEDICINE APPLICATIONS
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Background:

For over 20 years, umbilical cord blood (UCB) has been a source of hematopoietic stem cells (HSCs) for use in trans-
plant medicine to treat malignancies, blood disorders and genetic diseases. Newborn stem cells are now being
researched in regenerative medicine applications to repair damaged or diseased tissues outside of the blood and
immune system. Preclinical studies have shown that UCB contains a heterogeneous population of stem cells. Fur-
thermore, cord blood stem cells have been shown to migrate to injured tissues, secrete therapeutic factors and
modulate the immune system. These findings suggests that UCB stem cells may have potential for a variety of re-
generative medicine applications. Autologous cell sources, such as family banked UCB, are preferred in regenerat-
ive medicine, as they do not have immune complications nor require conditioning regiments.

Objective:

To assess the indications and characteristics of UCB units released by a family stem cell bank for autologous use in
regenerative medicine.

Methods:

UCB was collected from consenting mothers who elected to family bank. The UCB was transported to Cord Blood
Registry (CBR)’s processing facility in Tucson, AZ. The whole blood product was processed to remove the plasma
and majority of the red blood cells and other non-engrafting cells. The processed UCB was stored in the vapor-
phase of liquid nitrogen in dewars at -195C until requested for use. Prior to release of the unit, viability and percent
CD34+ (or CFU) were assessed from an attached segment by the treating institution. Viability assays varied by insti-
tution. Infusions were performed under research protocols at major medical institutions.

Results:

Through January 30th of 2013, CBR released 236 UCB units. 72 (30.5%) units were released for use in a transplant
while 164 (69.5%) units were released for autologous regenerative medicine therapies including: cerebral palsy
(90), traumatic brain injury (4), autism (4), type 1 diabetes (11) and other conditions. 31 units used for regenerative
medicine were released for patients participating in clinical trials. The mean storage time for autologous units was
36.12 months, the mean viability was 95.1% and the mean CD34+ cell count was 0.52%.

Conclusion:

UCB is increasingly being utilized as a source of stem cells in cellular therapies for treatment of a wide range of
disorders. Clinical trials are evaluating the safety and efficacy of UCB in regenerative medicine applications such as
cerebral palsy, traumatic brain injury, autism and pediatric stroke. The data here support that emerging therapies
utilizing autologous cord blood stem cells are a significant and growing percentage of all the treatments facilitated
by a family bank. Family banks provide a valuable resource for storing UCB for future autologous or related allogen-
eic stem-cell based therapies and are facilitating a new era of clinical research focused on regenerative medicine.
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A SUB-POPULATION OF EXPANDED HEMATOPOIETIC PROGENITOR CELLS THAT RETAIN HIGH ALDEHYDE
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357 million individuals worldwide currently have diabetes and >90% of these patients will develop severe vascular
complications shortening their life expectancy. We have previously identified that human umbilical cord blood

(UCB) cells with high aldehyde dehydrogenase activity (ALDHhi), a conserved stem cell function of multiple progen-
itor lineages, can stimulate B-cell proliferation and islet vascularization after intrapancreatic transplantation into

mice with steptozotocin (STZ)-induced diabetes. However, UCB ALDH" cell are rare (<0.5% of MNC), and expan-



sion of these cells under clinically applicable regimens will be required to treat patients with diabetes. Interest-

ingly, ALDHN stem cells are primarily composed of hematopoietic progenitor cells (HPC, 93.3 + 1.9% CD45*, N=3)
that are efficiently expanded in short-term culture. Thus, the purpose of these studies was to characterize the is-

let regenerative capacity of UCB-derived ALDHM cells after clinically applicable serum-free expansion under hem-
atopoietic conditions ex vivo. We hypothesized that culture-expanded HPC that retain high-ALDH activity would

stimulate islet regeneration via paracrine mechanisms after transplantation in vivo. ALDHN cells were first isolated
from human UCB (n=8) using fluorescence activated cell sorting (FACS), and expanded in serum-free media supple-
mented with hematopoietic cytokines (10ng/mL rhSCF, rhFLT3L, rhTPO). Using these conditions total cell number
was increased by 18.612.6 fold within 6 days, and 1 in 8 expanded progeny possessed multipotent hematopoietic
colony forming capacity in methylcellulose media (n=4). Interestingly, a distinct sub-population (13.2+2.7%) of ex-

panded progeny retained high ALDH-activity characteristic of hematopoietic progenitor cells (ALDHhi-HPC). ALDHNL-
HPC also expressed primitive myeloid (99.9+0.1% CD33*) and hematopoietic progenitor cell markers (77.6+4.2%
CD34%, 48.2+7.7% CD133*) without the acquisition of mature monocyte (0.4+0.1% CD14*) or macrophage markers

(0.6+0.2% CD11b*). Next, 6-day expanded HPC bulk progeny were intravenously (iv)-transplanted into STZ-treated
NOD/SCID mice, and blood glucose levels were monitored to evaluate hyperglycemia reduction in vivo. Surprisingly,
mice transplanted with expanded bulk HPC (n=9) remained severely hyperglycemic, similar to PBS-injected controls

(n=6). Therefore, expanded HPC progeny were re-selected for low versus high ALDH activity (ALDH'°-HPC vs ALDHMi-
HPC), prior to iv-transplantation. Remarkably, mice transplanted with ALDHM-HPC (n=5) demonstrated reduced sys-

temic glucose levels and improved glucose tolerance, compared to mice transplanted with ALDH'"°-HPC (n=6). Al-
though immunohistochemical characterization of the islet regenerative programs stimulated by these cells is ongo-
ing, these preliminary finding suggest that expanded HPC that retain high ALDH activity possess robust islet regen-

erative capacity in vivo. This data identify expanded ALDHM-HPC as a novel cell population for clinical application,
and provide strong justification for the further development of expansion, re-selection, and transplantation tech-
nologies using UCB-derived HPC for islet regenerative therapies in patients with diabetes.
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Hematopoietic stem cells (HSCs) are both necessary and sufficient to sustain the complete blood system of ver-
tebrates. HSCs are heavily utilized in the clinic for bone marrow transplants (BMTs) to treat a variety of diseases.
However, a lack of suitable donors and inefficiency in recipient engraftment currently limit this life saving therapy.
To improve BMT regimens, a better understanding of regulators of HSC BM engraftment is required.

The transcription factor Nfix, a member of the nuclear factor | (Nfi) family of transcription factors, is highly ex-
pressed in HSCs. This fact suggests that Nfix may play a novel role in regulating HSC function. To test this hypothesis,
HSCs were enriched from adult BM (Lineage-, c-kit+, Sca-1+ (LSK) cells) and then transduced with lentiviruses car-
rying shRNAs targeting Nfix. Twenty-four hours post-transduction, cells were injected into lethally irradiated mice
along with untransduced BM LSK competitor cells congenic at the CD45 allele. The peripheral blood of recipient
mice was then analyzed periodically over 16 weeks for engraftment of the Nfix-depleted cells. Depletion of Nfix by
two independent shRNA (confirmed by Western blot analysis to deplete Nfix protein levels to <20% of baseline)
resulted in a significant decrease in the repopulating activity of BM LSK cells relative to LSK cells transduced with
either of two independent control shRNAs. As early as two weeks post-transplant, a 22% +/- 5% (p=0.03) reduc-
tion in repopulating activity was observed. By 16 weeks post-transplant, this reduction in repopulating potential
had gradually increased to 55% +/-8% (p<0.0001) in four independent experiments. Lineage analysis of peripheral
blood of recipients showed no significant differences in the distribution of the major blood lineages derived from
LSK cells transduced with Nfix- specific shRNAs compared to controls. Depletion of either Nfia or Nfic, two Nfi fam-
ily members also expressed by HSCs, in LSK cells via shRNAs led to a similar loss in LSK repopulating potential, sug-



gesting a general role for Nfi genes in the regulation of hematopoietic stem and progenitor repopulating potential.
When the BM of recipients transplanted with Nfix- depleted LSK cells was examined 4 and 16 weeks post-trans-
plant, a loss of phenotypic HSCs (LSK/CD150+/CD48-) relative to controls was evident. Thus, the observed decrease
in repopulating activity likely occurs at the level of HSCs and multipotent progenitors

Analysis of early engraftment revealed that Nfix-depleted LSK cells established in the BM but failed to expand due
to excessive apoptotic cell death. Critically, in vitro analysis of BM LSK expansion in liquid culture revealed no dif-
ferences in the activity of LSK cells transduced with Nfix-specific sShRNAs compared to controls. Thus, it is unlikely
that the observed decrease in BM repopulating activity is due to general cytotoxicity resulting from Nfix-depletion.
Moreover, gene expression profiling revealed that a number of previously described HSC regulators, Evil, Mpl and
Prdm16, were downregulated in Nfix-depleted LSK cells. Current studies aim to elucidate if any of these genes has
a direct causative role for the observed phenotype following Nfix depletion and whether they are direct transcrip-
tional targets of Nfix.

In summary, we have for the first time established a role for the Nfi gene family in HSC biology, as evident by a
decrease in BM repopulating activity in HSCs depleted for the expression of these genes.
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TARGETED INHIBITION OF INNATE IMMUNOSURVEILLANCE TO PROMOTE THE ENGRAFTMENT OF
HEMATOPOIETIC STEM CELLS
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Despite the enormous therapeutic potential of bone marrow transplants, the procedure carries significant risks of
morbidity and mortality. Some of the risks are associated with the cytoreductive conditioning regimen that clini-
cians must use to clear niche space and promote donor cell engraftment. Without high-dose radiation or chemo-
therapy, donor bone marrow cells fail to engraft in host bone marrow. Other risks are associated with transplanting
donor T cells, which cause an immune response against host tissue. However, depleting T cells from transplants
causes a further increase in engraftment failure. Therefore, there is a pressing medical need to develop new meth-
ods to increase donor cell engraftment in bone marrow transplants. We are developing a novel strategy of thera-
peutic delivery that may find wide application in transplant biology. CD47 is a ubiquitously expressed “don’t eat
me signal” that negative regulates macrophage activation and phagocytosis. Cell surface CD47 expression is a ne-
cessary factor for hematopoietic stem cell engraftment in wild-type mice and a sufficient factor to promote the
engraftment of MOLM-13 cell line in immunodeficient mice. Because of the risks associated with gene therapy, we
are capitalizing on protein-based strategies to artificially increase CD47 protein levels on the donor cell surface.
Using biotin / streptavidin crosslinking, we have successfully increased cell surface display of CD47 and we are act-
ively characterizing the effect on bone marrow transplants and hematopoietic stem cell transplants with various
conditioning regimens. We propose to treat donor bone marrow cells ex vivo with both of these strategies in order
to evade innate immunosurveillance and promote donor cell engraftment.
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Bone marrow (BM) endothelial cells (BMEC) serve as ‘niche’ cells



for both hematopoietic and mesenchymal stem and progenitor cells (HSPC/MSPC). Yet, BMEC-mediated synchron-
ization of HSPC bi-directional trafficking through the blood-bone marrow-barrier (BBMB) and of stem cell mainten-
ance is poorly understood.

In vivo treatment with the angiogenic cytokine FGF-2 resulted in increased BM HSPC/MSPC numbers and repopu-
lation potential, while reducing peripheral blood (PB) HSPC numbers and their repopulation potential from the PB.
FGF-2 treated mice had reduced BBMB permeability evaluated by dye penetration and incorporation, and reduced
HSPC BM homing. We have generated endothelial specific inducible FGF receptor knock-out (eFGFR1/2 KO), using

VE-Cadherin-CREERT2 and FGFR1M™/MX/FGER2MX/fX transgenic mice). Importantly, eFGFR1/2 KO mice exhibited re-
duced BM stem cell levels. FGF-2 treatment was able to increase stem cell levels only in WT BM, but not in the BM
of eFGFR1/2 KO mice. FGF-2 treated eFGFR1/2 KO mice failed to exhibit increased HSPC retention and reduced BM
homing like in WT treated mice. These results suggest that endothelial specific activation of FGF signaling regulates
the BBMB control of HSPC bi-directional trafficking. Thus, hampering endothelial FGF signaling interferes with stem
cell maintenance and expansion, while increasing BBMB permeability. In addition we have observed that Nestin-
GFP MSPC co-localize with non-permeable blood vessels. Mechanistically, FGF-2 treatment resulted in decreased
BM MMP-9 activity combined with upregulated Timp-1 (MMP-9 inhibitor) mRNA levels. Furthermore, FGF-2 treat-
ment activated AKT, and reduced NO and ROS content in BMEC. Importantly, permeability regulating endothelial
junction molecules such as VE-Cadherin and ZO-1 were upregulated following FGF-2 treatment. Administration of
neutralizing VE-Cadherin antibodies efficiently increased HSPC egress by increasing BBMB permeability. These res-
ults suggest that interfering with endothelial adhesion interactions alone increases HSPC trafficking. Examination
of eNOS KO and Timp-1 KO mice revealed that HSPC bi-directional trafficking was decreased in eNOS KO mice and
increased in Timp-1 KO mice. In the BM, primitive, repopulating HSPC numbers were increased in eNOS KO mice
and decreased in Timp-1 KO mice. Of interest, we observed that chimeric immune-deficient mice transplanted with
malignant human pre-B ALL cells, exhibited reduction in BBMB permeability. We suggest that leukemic cells stim-
ulate BMEC in order to support their own maintenance, expansion and chemoresistance via reducing BBMB per-
meability, and CXCL12 while increasing SCF levels. This suggests that human leukemias can modify the BBMB to a
malignant-supportive microenvironment and that BBMB targeting could hamper leukemia expansion and protec-
tion, to improve clinical chemotherapeutic protocols.

In conclusion, our findings reveal that normal and malignant stem cell migration and development are dynamically
regulated by BMEC. We suggest that BMEC balance their dual roles as stem cell niches, and as an anatomical barrier
synchronizing HSPC bi-directional trafficking. Thus, unbalanced BBMB function towards either stem cell trafficking
or maintenance will come at the expense of the other.
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DEVELOPMENT OF AN OPTIMAL CULTURE SYSTEM FOR INDUCTION OF FUNCTIONAL HUMAN NEUTROPHILS
FROM SERUM-FREE EXPANDED HEMATOPOIETIC STEM CELLS

Chao-Ling Yao, Yu-Shuo Hu
Department of Chemical Engineering and Materials Science, Yuan Ze University, Chung-Li City, Taiwan

Hematopoietic stem cells (HSCs) from bone marrow, peripheral blood and cord blood are widely used in transplant-
ation after cancer chemotherapy. Among them, there are several limitations of cord blood hematopoietic stem cell
transplantation, such as slow recoveries of neutrophils and platelets. The aim of this study is to develop an optimal
neutrophil induction culture system to increase the number of neutrophils in vitro, to accelerate the recovery of
patient's autoimmune system after cord blood HSC transplantation and to overcome the limitation of clinical ap-
plication.

In this study, HSCs were isolated from cord blood and were expand by a serum-free HSC expansion system (SF-HSC
medium) that was developed previously by our lab. Then we screened five of cytokines (SCF, G-CSF, GM-SCF, IL-3
and IL-1) and optimized the concentration of cytokines that can effectively induce serum-free expanded HSCs in-
to CD66+/MPO+ cells. In addition, we also checked CD66+/MPO+ cells by neutrophil-associated surface antigens,
such as CD11b, CD13, CD15, CD16, CD33, CD64, TLR2 and TLR4, and neutrophil-specific functional assays, such as



phagocytosis assay, chemotaxis assay and cellular ROS production assay. Finally, we confirmed induced cells were
functional neutrophils.

In this study, we have successfully established a neutrophil induction medium that can effectively induce HSCs into
mature and functional neutrophils in vitro. We believe that combination of SF-HSC medium and neutrophil induc-
tion medium can generate a large amount of functional neutrophils and provide a promising cell source for basic
research and clinical application in the future.
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DYNAMICS OF LONG-TERM HSPC SUBTYPES IN NON-HUMAN PRIMATES REVEALED BY A DECADE-LONG CLONAL
TRACKING EXPERIMENT

Sanggu Kim1, Namshin KimZ, Angela P. Presson!, Mark E. Metzger3, Gay M. Crooks?, Dong-Sung Anl, Robert E. Do-
nahue3
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Hematopoietic stem cell and progenitor cell (HSPC)-based genetic therapy to treat HIV or other previously incurable
diseases is becoming increasingly realistic. The composition of the primate HSPC pool nor the regenerative poten-
tial of cells composing the HSPC pool is, however, yet to be clearly understood due partly to the lack of appropri-
ate in vivo models and experimental tools. Here, we report detailed behavior patterns of repopulating HSPCs in
four rhesus macaques transplanted with autologous CD34+ cells 4 to 12 years ago after myeloablative condition-
ing. Prior to transplantation, cells were transduced with either control lentivirus vectors expressing EGFP or vectors
expressing both EGFP and shRNA against the HIV-1 co-receptor, C-C chemokine receptor type 5 (CCR5). All anim-
als showed normal hematopoietic recovery and maintained stable marking in all tested blood lineages. In order to
study the behavior of engrafted HSPCs, vector marked clones in serially collected blood as well as different blood
lineages were analyzed using a high-throughput quantification assay. The assay, involving large-scale vector integ-
ration site (VIS) sequencing and bioinformatics analysis of VIS sequences, allowed sensitive quantification of indi-
vidual clones in a polyclonal blood cell pool. Unlike traditionally used techniques that employed bulk populations,
our clonal marking tracked the functional behavior of a single cell. Analysis revealed thousands of HSPC clones ex-
panded sequentially over time in each animal, clustered into groups with different kinetics of repopulation, main-
taining the total marked blood cells at a relatively stable level over the years. While short-term repopulating clones
provided rapid and transient immune recovery, long-term engrafted clones gradually expanded and became the
main source of repopulating cells starting from 8 - 13 months post-transplantation. Importantly, consistent with
recent discoveries in murine HSC studies, these long-term clones were also distinctively grouped into “myeloid-
biased”, “lymphoid-biased”, and “balanced” subtypes based on their unique lineage output potentials. Clones with
more balanced lineage potentials, accounted for only 4 — 10% of the identified clones, yet predominated, contrib-
uting up to 25 - 71 % of total repopulating cells in each animal. No notable effect of CCR5 shRNA expression upon
clonal repopulation was observed. Our long-term clonal tracking revealed new insights regarding the biology of
primate HSPCs, providing a potential frame of reference for future HSPC based gene therapy clinical trials.
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HIERARCHICAL CHANGES OF HUMAN HEMATOPOIETIC STEM CELL DIFFERENTIATION DURING ONTOGENY



Sasan Zandi, Faiyaz Notta, Stephanie Dobson, Naoya Takayama, John E. Dick
UHN, Toronto, ON, Canada

Hematopoietic stem cells (HSCs) undergo phenotypic, functional, and anatomic changes over the course of ontogeny. Murine
studies show differences in surface markers, cytokine dependency and self-renewal/differentiation capacity of stem and pro-
genitors between the fetus and adult. The system tends to produce more lymphoid and megakaryocytic-erythroid (Mk/E) cells
in fetal stage but changes in favor of more myeloid biased outputs in adults. During aging, this myeloid (My) bias correlates
with increased incidence of myeloid malignancies such as acute myeloid leukemia (AML). Our understanding of the dynamics
of human hematopoiesis during ontogeny is very limited due to the absence, until recently, of consistent methods to clonally
resolve human HSC and progenitors. Using these advanced sorting methods and a highly efficient single cell functional assay
that supports My, E and Mk differentiation, we traced the lineage potential of nearly 4000 deposited single cells from highly
purified HSC and progressively restricted progenitor populations from across human development. There was a progressive
reduction in the proportion of HSC and multipotent progenitor cells between fetal liver to adulthood. Strikingly in the adult,
all multipotent cells are relegated to the CD34+CD38- stem cell compartment. Although CMP are commonly considered as
CD34+CD38+, our single cell analysis of adult BM showed that more than 95% the cells in CD34+CD38+ compartment are
unipotent, revealing important developmental changes. We then used CD71 (transferrin) and cMPL (TpoR) to identify new
classes of hematopoietic progenitors in human FL, cord blood (CB) and adult BM. While >90% of CD34+CD38+CD71+cMPL+
cells in adult BM are committed erythroid progenitors, in FL and CB more than 40% of them are multipotent. Noticeably Mk
cells can be generated from several different multipotent progenitors indicating multiple branching points for Mk in FL and
CB. In-vivo repopulation assays in NSG mice confirmed that CD71 and cMpl expression marks erythroid-committed progen-
itors with varying degrees of proliferation capacity that can be resolved based on variation in CD45RA and FIt3 expression.
To gain further insight into molecular mechanisms governing early commitment of erythroid and megakaryocyte lineage, we
used Fluidigm to quantify the expression of lineage-associated genes in single progenitors that expressed a combination of
these surface markers. We detected co-expression of EpoR, TpoR and GATA1 in more than 90% of CD71+cMpl+ progenitors
from FL, while >85% of adult BM CMPs expressed Mpo and GCSFR but lacked erythroid associated genes. Our gene expression
data also showed that stemness programs extend much farther down into the hierarchy within the fetal stage where progen-
itors are more flexible to adopt E, Mk or My fates. It is only in the adult BM stage that progenitors make binary and distinct
decisions.
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HUMAN HEMATOPIETIC STEM AND PROGENITOR CELLS INJECTED IN HUMANIZED NSG AND MITRG MICE ENGRAFT THE
MENINGEAL COMPARTMENT

Mariangela Amendunil, Anthony Rongvauxz, Richard A. Flavell?, Flora M. Vaccarino?

1child Study Center, Yale University, New Haven, CT, United States, ZDepartment of Immunobiology, Yale School of Medicine,
New Haven, CT, United States

Microglia, the resident macrophages of the CNS, are thought to participate in the pathogenesis of neurodevelopmental and
neurodegenerative diseases. However the origin of brain microglia remains unclear. It has been recently shown that in mice
microglia derive from primitive myeloid progenitors of the yolk sac and that these cells are able to penetrate the developing
brain around embryonic day 8. On the contrary perinatal circulating hematopoietic precursors do not seem to significantly
contribute to the pool of adult microglia.

This result is in contrast with previous studies showing that bone -marrow derived cells able to engraft the brain during neuro-
degeneration and inflammation and differentiate into microglia-like cells when bone marrow transplantation is preceded by
irradiation-mediated immune ablation. To date there is no evidence that this is true also in humans. We tested whether hu-
man hematopoietic stem and progenitor cells (HSPCs; CD34+ cells isolated from human fetal liver) are able to differentiate
into brain microglia. Our data indicate that HSPC transplanted in the liver of neonatal immunodeficient mice expressing mul-
tiple human cytokines required for myelopoiesis (M-CSF, GM-CSF, IL-3 and TPO) are not able to engraft the adult mouse brain;
indeed, human cells positive for CD11b/Ibal are mainly localized within the meninges. To address whether the blood brain
barrier that is already formed after birth might have prevented human hematopoietic cells from entering the brain, we injec-
ted the HSPCs in embryonic mouse brain at E12; however, engrafted human cells positive for CD11b/Ibal were localized in
the meninges. Future research will reveal whether HSC are already committed toward a more differentiated state and/or lack
brain specific- triggers that allow these cells to colonize the brain. Furthermore it would be interesting to understand whether



these cells are able to enter the brain after damage and whether they will display the same characteristics of the
endogenous yolk sac-born microglia.

Knowing the unique origin of microglial cells will in fact contribute to better understand their role in neurological
and psychiatric disorders and develop therapeutic strategies, since specific myeloid cells-from the yolk sac, bone
marrow or blood could each be involved in shaping circuit development and pruning. These cells could also used to
deliver specific compounds into the damaged brain.
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INCREASED MIR-223 EXPRESSION DYSREGULATES MYELOID DIFFERENTIATION IN PTPN11-ASSOCIATED JMML

Sonia Mulero-Navarrol, Ana Sevillal, Angel Romanz, Dung-Fang Leel, Sunita D'Souzal, Jie Sul, Christoph Schaniell,
Brian Brownl, Hélene Cavé3, Marco Tartaglia®, Ihor Lemischkal, Bruce Gelb?!
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Somatic

mutations in PTPN11, encoding the

RAS/MAPK regulator SHP-2, cause juvenile myelomonocytic leukemia (JMML). Germ-line PTPN11 defects cause
Noonan syndrome

(NS), while specific inherited mutations cause NS/JMML. Hematopoietic cells differentiated from human induced
pluripotent stem

cells (hiPSCs) harboring NS/JIMML-causing PTPN11

mutations recapitulated JMML features including granulocyte macrophage

colony-stimulating factor hypersensitivity and increased fetal hemoglobin,

documenting sufficiency of the PTPN11

mutation for leukemogenesis. hiPSC-derived NS/JMML myeloid cells exhibited increased signaling

through STAT5 and up-regulation of miR-223 and miR-15a.

Reducing miR-223’s function in NS/JMML hiPSCs normalized myelogenesis.

Micro-RNA target gene expression levels were reduced in hiPSC-derived myeloid

cells as well as in IMML bone marrow mononuclear cells, of which ~70%

of the patient samples also showed miR-223 and/or miR-15a up-regulation. The findings confirm the utility of
studying

inherited human cancer syndromes with hiPSCs to understand early oncogenesis

prior to the accumulation of secondary genomic alterations and provide opportunities

for therapeutic target discovery and small molecule testing.
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THE ARYL HYDROCARBON RECEPTOR (AHR) REGULATES THE PRODUCTION OF BIPOTENTIAL HEMATOPOIETIC
PROGENITOR CELLS

Brenden W. Smithl, Sarah S. Rozellel, Amy Leungl, Shirley K. Nahl, Deborah Frenchz, Paul Gaduez, Darrell N. Kot-
ton?, Gustavo Mostoslavskyl, David H. Sherr3, George J. Murphy1
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The evolutionarily conserved aryl hydrocarbon receptor (AhR), a member of the basic helix-loop-helix Per-ARNT-
Sim family, has been studied for its role in environmental chemical-induced toxicity. Recent studies now demon-
strate that the AhR may regulate the hematopoietic and immune systems during development in a cell-specific
manner. To better understand the possible role of the AhR in hematopoiesis, we developed a novel, human, in-
duced pluripotent stem cell (iPSC) platform based on the step-wise directed differentiation of hematopoietic pro-
genitor cells. Our in silico analysis of transcriptional profiles of 71 primary human hematopoietic cell isolates in-
dicated AhR-upregulation at both the hematopoietic stem cell and bi-potential megakaryocyte-erythroid progen-
itor (MEP) stages. This result, together with the absence of an in vitro model system enabling production of large
numbers of primary human MEPs capable of differentiating into megakaryocytes (Mks) and erythroid lineage cells,
motivated us to determine if AhR modulation could facilitate both MEP expansion and Mk and erythroid cell differ-
entiation.

Our results indicate that AhR has a physiological and functional role in normal hematopoietic development, and
that modulation of the receptor in bi-potential hematopoietic progenitors can direct cell fate. We demonstrate
a novel methodology for the directed differentiation of pluripotent stem cells in chemically defined, serum and
feeder-free culture conditions into MEPs capable of final specification into Mks and/or erythroid-lineage cells. The
use of a non-toxic aryl hydrocarbon receptor agonist in our directed differentiation scheme significantly increases
the number of MEPs and resultant cells. Following the addition of potent AhR ligands to our cultures, we observed
exponential expansion of MEPs from fifteen thousand to one billion cells in two weeks, with the role of AhR in
the MEP population confirmed using a specific AhR inhibitor. This logarithmic expansion of cells appears to be a
function of decreased cell death and is consistent with previous studies which suggest that the AhR can control
apoptosis. In addition to allowing for the exponential expansion of MEPs, our results demonstrate that modulation
of AhR can direct cell fate, with AhR agonism permissive to erythroid differentiation and antagonism favoring Mk
specification. Although erythropoietin (EPO) and thrombopoietin (TPO) stimulate RBC and Mk production respect-
ively, AhR may play a cytokine-independent role in the specification of these lineages and warrants further study.
These results demonstrate a new platform for studying human red blood cell and MK development that allows for
exponentially greater production of RBCs and Mks in comparison to existing methodologies. This strategy relies on
the first of its kind definition of the role of the AhR receptor in normal hematopoietic development using special-
ized ligands in hematopoietic progenitor cells. A useful outcome for this work will be the utilization of this in vitro
platform for the clinically relevant production of blood products. An iPSC-based system, such as the one described
here in which sufficient numbers of cells can be produced, should facilitate future clinical adaptation involving the
transfusion of iPSC-derived red blood cells and platelets without problems related to immunogenicity, contamina-
tion, or supply.
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IN VIVO TIME LAPSE IMAGING OF MOUSE BONE MARROW REVEALS DIFFERENTIAL NICHE ENGAGEMENT BY
QUIESCENT AND PHYSIOLOGICALLY ACTIVATED HAEMATOPOIETIC STEM CELLS

Mark Scottl, Narges Rashidil, Jens Kalchscmidtl, Nico Scherfz, Ingo Roederz, Kleoniki Gounarisl, Murray SeIkirkl,
Cristina Lo Celso?!
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Understanding the mechanisms linking stem cell-niche interaction and stem cell fate is critical for developing re-
generative medicine approaches. The nature of such interactions between hematopoietic stem cells (HSC) and the
bone marrow (BM) microenvironment has long been elusive due to the difficulty of penetrating bones for direct
observation and the fluid nature of the hematopoietic tissue itself. Several functional studies based on ablating or
overexpressing specific genes in the hematopoietic or distinct BM stroma compartments have highlighted the pres-
ence of an intricate and dynamic network of regulatory signals responsible for the crosstalk between HSC and the
BM microenvironment. The question, however, remains open as to whether multiple, molecularly and functionally



distinct HSC niches exist within the bone marrow and whether HSC trafficking between them may be necessary to
switch fate between quiescence and proliferation, self-renewal and differentiation.

To address this question, we developed an imaging technique combining two photon and confocal microscopy
that allows in-vivo imaging of live transplanted hematopoietic stem and progenitor cells (HSPC) in mouse BM with
single cell resolution. Using this technique we showed that engrafting long-term repopulating HSC (LT-HSC) local-
ize near osteoblastic cells, while their progeny are more distal. Our results also highlight that localization of LT-HSC
and their progeny near osteoblasts correlates with improved engraftment outcomes. Studies based on single time-
point observations demonstrated that asynchronous HSPC proliferation initiates BM reconstitution, however did
not provide information about long-term interactions between HSC and their BM niche (or niches), which are re-
sponsible for maintenance of balanced hematopoiesis. We therefore developed a new in vivo imaging experiment-
al protocol, allowing time-lapse imaging of HSPC, leading us to uncover their differential abilities to engage with
the BM microenvironment over time. Moreover, using a physiological model of HSC activation, we observed that
changes in the nature of the interactions between stem cells and the BM microenvironment accompany switches
in fate choice.
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A COMPARISION OF INTRAUTERINE HAEMOPOIETIC STEM CELL & DIRECT IN VIVO LENTIVIRAL THERAPIES FOR
BETA THALASSEMIA MAJOR IN A MURINE MODEL OF FETAL THERAPY.
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AimsSevere haemoglobinopathies like the major thalassaemias cause perinatal complications including death, or
chronic iliness requiring life-long red cell transfusion. Prenatal stem cell transplantation has not succeeded in cor-
recting the outcomes of these diseases thus far. Yet fetal therapy could possibly arrest pathogenesis early enough to
allow perinatal survival, or to improve the severity of the disease such that transfusion independence is acquired.
To realize the putative benefits of the fetal microenvironment that may facilitate genetic correction, we investig-
ated the dual intrauterine strategies of haemopoietic stem cell transplantation (IUHSCT) and direct in vivo gene
therapy (IUGT) designed to treat a murine fetal model of beta thalassaemia major. Our specific aims were to com-
pare donor cell engraftment, vector biodistribution and phenotype improvement in treated progeny.

MethodsHbb/Th3+ males were backcrossed with C57BL/6 females on a CD45.2 background. IUHSCT fetuses were

given 2x10°-1x10° cells of either murine fetal liver-derived CD45.1 mononuclear cells, or human fetal liver-derived
HSCs intraperitoneally. Cells were treated with Diprotein A for CD26 inhibition just prior to transplantation. In the

IUGT arm, F1 fetuses were given 5x10° TU IV (via the vitelline vein) of a lentiviral vector (LV) LCR-B-globin. Injections
were performed at E15-18. Weaned pups were analysed by genotype, blood smears and haematological indices.
Chimerism was determined in peripheral blood in IUHSCT pups, and was studied in the liver, bone marrow and
spleen at six months. IUGT pups were monitored by vector biodistribution and intracellular expression of human
beta globin. Phenotype changes were studied in treated Hbbth3/+ offspring, while uninjected progeny served as
controls.

Results In the IUHSCT arm, peripheral blood chimerism was observed at a median level of 0.54% (n=8, range
0.1-1.7%) with murine CD45.1 cells, while with human CD45 cells median engraftment was 0.33% (n=20, range
0.1-3.4%) at 8 weeks. Median levels of engraftment in bone marrow, liver and spleen (n=17) were 0.17% (range
0.1-0.54%), 1.05% (range 0.1-5.96%) and 0.16% (range 0.1-0.95%) respectively at 6 months. DNA chimerism
was confirmed by gPCR. At this level of microchimerism, there was no difference in haematological parameters
between untreated and injected Hbbth3/+ progeny.



In contrast to cell therapy, haematological indices in Hbbth3/+ recipients showed marked improvement with len-
tiviral treatment over controls from 4 to 20 postnatal weeks (n=2). Red cell counts increased to 8.3+/-1.2 E+6/ul
(vs. 5.2+/-0.2E+6/pl, p<0.05) and haemoglobin levels improved to 12+/-1.4g/dL (vs. 9.6+/-0.3g/dL, p<0.05). Despite
this, blood smears showed

persistent evidence of haemolysis. Vector copy number in peripheral blood ranged from 0.2-4.6 (median 2.4 copies
per cell).

ConclusionlUHSCT at current cell doses resulted in microchimerism with no significant haematological improve-
ment. In contrast, lentiviral IUGT showed greater efficacy in treating Hbbth3/+ mice, although we observed only
partial albeit significant correction. Despite this initial success, the long-term effects of LV use must be determined
as there are numerous safety concerns. As the safety profile of IUHSCT is likely to be more favourable, we are cur-
rently studying various strategies to improve engraftment, including postnatal cell boosting.
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IMMUNOSUPRESSION MEDIATED BY HUMAN ADIPOSE DERIVED MSC INVOLVES A CELL CONTACT-DEPENDENT
MECHANISM.

Suzdaltseva Yulia, Goryunov Kirill, Rubtsov Yuri, Tkachuk Vsevolod
Moscow State University, Moscow, Russian Federation

Human adipose-derived mesenchymal stem cells (hASCs) are the candidate cellular therapeutics in regenerative
medicine. Extensive research has focused upon the MSC-dependent immunomodulate properties. Various molecu-
lar mechanisms can be involved in hASC-mediated immune suppression. These mechanisms underlying hASCs-me-
diated immunosupression include soluble factors and cell-cell contacts, which possibly depend on expression of
cell adhesion molecules. In the present study the potential mechanism involved in regulatory cell induction by allo-
genic hASCs was examined. To dissect cell contact-dependent mechanism of hASC-dependent immune suppression
in vitro co-culture system consisting of hASCs and phytohemaglutinin-activated peripheral blood lymphocytes (PBL)
was established. hASCs isolated from adipose tissue were characterized for human MSC surface marker expression
and differentiation potential. hASCs inhibited proliferation of activated PBL both in trans-well and cell-contact co-
culture system as assessed by CyQuant cell proliferation assay. hASC-conditioned growth medium had no effect on
proliferation of activated PBL. Activation of lymphocytes with hASCs had also resulted in increased attachment of
immune cells to hASCs. Flow cytometry analysis of bound CD4+ and CD8+ T cells, NK and B cells with fluorophore-
conjugated antibodies against surface markers reveals that activated CD4+ T cells are capable to bind hASCs more
effectively in comparison to non-activated. At the same time, the capability of other analyzed immune cells to bind
hASCs decreased or did not change. The protein and mRNA levels of ICAM increased in both activated T-cells and
hASCs in contact cocultures compared with cells cultured alone or separately in transwells. We showed that hASCs-
dependent suppression of activated T-cell proliferation is not associated with reduction of IL-2R (CD25) expression
or apoptosis. hASCs were shown to induce FoxP3 mRNA and protein expression in CD4+ T-cells. This effect required
direct contact between hASCs and CD4+T-cells. On the other hand hASCs stimulation with activated lymphocytes
induces indoleamine-2,3-dioxygenase (IDO) synthesis. The increased level of IDO mRNA was observed in hASCs co-
cultured with activated PBMC in cell-cell contact system in comparison to separate cocultures. It addition, through
use of antagonist and neutralizing antibodies, IDO were shown to correlate with induction CD4+CD25+FoxP3+ T-
cells in cell-cell contact coculture. Taken together our data support the substantial role of cell contact-dependent
mechanism in hASC-mediated immune suppression.
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SOMATIC PROGENITOR CELL HOMEOSTASIS IS DISRUPTED BY MITOCHONDRIAL DNA MUTAGENESIS IN
PREMATURELY AGING MICE.
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Mitochondria produce energy in form of ATP to be used in all cellular functions. Mitochondria have its own circular
DNA encoding for 13 polypeptides, tRNAs and rRNAs. All the proteins encoded by the mitochondrial DNA (mtDNA)
are subunits of respiratory chain complexes |, Ill, IV and V. ATP is synthesized by respiratory chain (RC), which also
produces superoxide as a by-product, so RC defect may, besides decreasing ATP production, increase the produc-
tion of reactive oxygen species (ROS). When mtDNA is mutated, it often leads to RC dysfunction, which in turn leads
to ineffective energy production and/or increased ROS production.

Somatic stem cell (SSC) dysfunction is typical for different progeroid phenotypes in mice with genomic DNA repair
defects. Increased mtDNA mutagenesis can also result in progeroid phenotype in mice. “Mutator” mice show ex-
tensive mtDNA mutagenesis because of an inactivated exonuclease function of the mitochondrial replicative DNA
polymerase gamma (POLG). Their phenotype mimics premature aging, starting from 6-8 months of age, with pro-
gressive hair graying, alopecia, osteoporosis and general wasting. Their life span is limited to 13-15 months because
of severe anemia, with age-dependent decline in erythro- and lymphopoiesis, recently suggested to be due to HSC
dysfunction. POLG forms the minimal mtDNA replisome together with the mitochondrial single-stranded DNA bind-
ing protein and a replicative helicase, Twinkle. If dominant mutant Twinkle is overexpressed in mice, large-scale
mtDNA deletions accumulate in postmitotic tissues (hence the “Deletor” mice), leading to progressive late-onset
mitochondrial myopathy at 12 months of age and RC deficient neurons, but normal life span. We asked whether
SSC dysfunction could contribute to the mtDNA mutagenesis-linked premature aging, and utilized the two mouse
models with mtDNA maintenance defects, Mutator and Deletor, of which only the former showed a premature
aging phenotype.

We found that Polg-Mutator mice had neural (NSC) and hematopoietic progenitor (HPC) dysfunction already from
embryogenesis. NSCs extracted from E12 embryos showed accumulation of mtDNA point mutations and the self-
renewal ability of NSCs was decreased in vitro. Also the amount of quiescent NSCs in adult brain was reduced in
vivo.

Mutator fetal liver showed changes in erythropoiesis already before the onset of anemia. FACS analysis of fetal liver
HPCs showed decreased amount of basophilic erythroblasts (CD71+,Ter119+), whereas the amount of more ma-
ture erythroblasts (Ter119+,CD71low) was increased. Mutator fetal liver HPCs produced more erythroid colonies
compared to wild type cells when cultured in methylcellulose. N-acetyl-L-cysteine treatment rescued both NSC and
HPC abnormalities during embryonal development, suggesting that subtle ROS/redox changes, induced by mtDNA
mutagenesis, modulate SSC function. We also found delayed maturation of erythrocytes in adult Mutator peripher-
al blood, including ineffective clearance of transferrin receptor and organelles, and long-term NAC-treatment is on-
going.

Our results show that mtDNA mutagenesis affected SSC function early but manifested as respiratory chain defi-
ciency in nondividing tissues in old age. Deletor mice, having mtDNA deletions only in postmitotic cells and no pro-
geria, had normal SSCs. We propose that SSC compartment is sensitive to mtDNA mutagenesis, and that mitochon-
drial dysfunction in SSCs can underlie progeroid manifestations.
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RECRUITMENT OF HEMATOPOIETIC STEM AND PROGENITOR CELLS IS REGULATED BY THE ANGIOGENIC FACTOR
EPIDERMAL GROWTH FACTOR-LIKE DOMAIN 7
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Epidermal growth factor-like domain protein 7 (Egfl7), known to play a role in angiogenesis, is expressed during em-
bryogenesis, in hematopoietic stem cells (HSCs) as well as in certain myeloid leukemias. The contribution of Egfl7
to hematopoiesis has not yet been described. Herein, we studied the effects of forced expression of Egfl7 on mur-
ine hematopoiesis. Enforced expression of Egfl7 resulted in a marked enhanced myeloid and megakaryocytic cell



differentiation in vivo. Overexpression of Egfl7 expanded the number of hematopoietic stem and progenitor cells
(HSPC) in the BM of non-myelosuppressed mice. In addition, adenoviral-mediated overexpression of Egfl7 into non-
myelosuppressed mice caused mobilization of immature progenitors into circulation. Using a hematopoietic stress
model, Egfl7 was upregulated in BM cells upon Fluorouracil (5-FU)-induced injury. Overexpression of Egfl7 using an
adenoviral delivery system resulted in accelerated hematopoietic recovery, especially of myeloid cells and platelets
after 5-FU treatment, accompanied by a dramatic increase in HSPC within the BM. Overexpression of Egfl7 in mice
accelerated the entrance of HSCs into cell cycle and myeloid (granulocytic) and megakaryocytic differentiation after
myelosuppression. Kit-ligand, SDF-1a, and VEGF-A were identified as novel downstream target molecules after Eg-
fl7-forced expression.

These data suggest that increased expression of Egfl7, as found after myelosuppression within BM cells or released
from endothelial cells of a growing tumor, can promote myeloid cell proliferation and differentiation, and cause
HSPC mobilization, most likely due to its ability to alter the secretion pattern of critical stem cell niche factors (Kit-
ligand, SDF-1a and VEGF-A).

W-1184
COMPREHENSIVE ANALYSIS OF HEMATOPOIETIC STEM CELL NICHE

Aparna Venkatraman, Xi C. He, Ariel Paulsonl, Hua Li, Linheng Li, Ryohichi Sugimura Sugimura
Stowers institute for medical research, Kansas city, MO, United States

Bone marrow niches and the signals emanating from them are critical for maintaining quiescent and active hem-
atopoietic stem cells (HSC). Though a variety of stromal cells are reported to be HSC niche components, the in-
tegration of molecular signals emanating from different niche component to maintain different states of HSC is
largely unclear. Combining high throughput RNA sequencing with protein expression analysis, we provide a com-
prehensive view of the unique and combinatorial ability of several niche components to maintain various HSC
states. The reporter mice used were Nestin+, Cspg4d+, Sdf+(mesenchymal stromal cells), Col2.3+(mature osteo-
blasts, mOB),Col3.6+, N-Cadherin+ (pre-osteoblast, pOB) and Pecam+(endothelial cells). Megakaryocytes, macro-
phages and HSCs were separated using surface markers. Analysis of major signaling pathways in stem cell function
revealed at least three distinct zones.

The Endosteal zone- This zone mainly comprises of mOBs (Col2.3+) and pOBs (N-Cadherin+). Our data revealed that
the two types of cells are quite distinct. Genes involved in maintenance of HSC quiescence including Opn, Cxcl12
and Angpt2 were preferentially expressed in N-cadherin+ pOBs. Members of BMP signaling like BMP4 known to
play key role in stem cell quiescence were preferentially expressed in N-Cadherin+ pOBs. Analysis of Wnt signaling
revealed members of non-canonical Wnt signaling and inhibitors of canonical Wnt signaling were predominantly
expressed in N cadherin+ cells. Cytokines were minimally expressed in this zone. Cell adhesion molecules of cad-
herin family- Cdh2, 11; Integrin family- Itga 7, 8 and 11 were uniquely expressed in N cadherin+ cells.

The Perivascular zone- This mainly comprised of stromal cells around the arteriole and included Nestin+ and Csp-
ga+cells. Unique expression in Nestin+ included BMP signaling antagonist Noggin and Lif , members of both canon-
ical and non-canonical Wnt signaling. Unlike the endosteal zone, expression of canonical Wnt signaling inhibitors
was negligible. Cytokines and cell adhesion molecules were less abundant in this zone.

The Sinusoidal zone- This comprised of Pecam+ cells and megakaryocytes since sinusoids and these differentiated
hematopoietic cells are present scattered throughout the central bone marrow. Ligands of Notch signaling, includ-
ing Jagl, 2, and DIlI4 were uniquely expressed in Pecam+ stromal cells. Jagged 1, involved in retention of HSC in the
undifferentiated state, was also expressed in N-Cadherin+ pOBs. SCF as ligand for cKit were preferentially expressed
in Pecam+ stromal cells. Cell adhesion molecules of the integrin family and members of Fgf signaling involved in
HSC proliferation, homing and mobilization were preferentially expressed in this zone.

In summary, our data indicates that N-cadherin+ cells present in the endosteal zone have the highest expression of
genes involved in stem cell quiescence. In contrast, suppressed BMP signaling, and presence of canonical and non-
canonical signaling members in Nestin+ cell in peri-vascular zone suggested HSCs in this zone are in a binary state of
quiescence and active. High expression of Scf, Fgfs, and Notch ligands in Pecam+ cells and megakaryocytes suggest
that the sinusoidal zone support proliferation and mobilization of stem cells. Hence this comprehensive analysis in



gene and protein reveal that different niche components play unique as well as co-operative roles for maintenance
and regulation of different states of HSCs.
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DELETION OF NOTCH1 TRANSCRIPTIONAL ACTIVATION DOMAIN REVEALS A NOVEL ROLE FOR NOTCH1
SIGNALING IN FETAL HEMATOPOIETIC STEM CELLS

Kostandin V. Pajcinil, Dawson Gerhardtl, Teresa D'Altri4, Lanwei Xul, Olga Shestovaz, Jonathan Epstein3, Nancy
Speck3, Anna Bigas4, Warren S. Pearl!

APathology and Laboratory Medicine, BAFCRI Cancer Institute, “Cell and Developmental Biology, 1University of
Pennsylvania, Philadelphia, PA, United States, 2Cancer Research Program, IMIM-Hospital del Mar, Barcelona, Spain

Notch1 contains a conserved transcriptional activation domain (TAD) that is required for optimal signaling in vitro
and for Notchl-induced T-ALL. To determine its developmental function, knock-in mice lacking the Notchl TAD
(ATAD/ATAD) were generated. Unlike Notchl1 knockouts, ATAD/ATAD mice survive until late gestation, succumbing
to multiple cardiac abnormalities. Notch1 is required to generate the earliest embryonic hematopoietic stem cells
(HSC); however since Notch1-null embryos die early in gestation, additional functions for Notch in embryonic HSC
biology have not been described. Notchl TAD deficient HSCs successfully transit to the E11.5 fetal liver, but are de-
creased in frequency compared to wild type and are defective in competitive bone marrow transplant experiments,
a phenotype recapitulated in RBPJf/f conditional knockout mice. Loss of Notch1 TAD impairs Notch1 core complex
formation on the Hes1 promoter and consequently inhibits Hes1 expression. Together, these studies reveal an es-
sential role for the Notch1 TAD in embryonic development and identify important cell autonomous functions for
Notch1 signaling in fetal HSC homeostasis.
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HUMAN FETAL BONE MARROW MESENCHYMAL STEM CELL DERIVED FROM SECOND-TRIMESTER FETUS
DEMONSTRATE A STRONGER HEMATOPOIETIC SUPPORTIVE CAPACITY THAN FETAL LIVER MESENCHYMAL STEM
CELL

Xiao Hu?, Yongjuan Duan?, Fang Li2, Yi Sun?, Chunmin Fangl, Xiaoting Wang1

institute of Hematology, The Chinese Academy of Medical Sciences, Tianjin, China, 2Shandong University, Jinan,
China

Mesenchymal stem cells, which play a major role in establishing hematopoietic microenvironment, have been isol-
ated from various tissues in the early developing embryo and the adult organism. During ontogeny, hematopoietic
stem cells (HSC) shift from fetal liver and spleen to adult bone marrow and this movement may be due to favorable
inductive signals from different microenvironments. It is of great interest for both basic research and translation-
al application to understand the nature of the hematopoietic microenvironment. A few in vitro study has demon-
strated that fetal bone marrow MSC(FBM-MSC), compared with adult bone marrow MSC(ABM-MSC), is less perfect
for adult HSC maintenance and differentiation. However, similar evidence is lacked for the fetal HSC in fetal liver
MSC (FL-MSC) and fetal bone marrow MSC (FBM-MSC) which represents the fetal hematopoiesis. This study was
aimed to compare the hematopoietic supportive capacity for fetal HSC and adult HSC between fetal liver and fetal
bone marrow MSC in vitro.

Fetal liver MSC (FL-MSC) and fetal bone marrow MSC (FBM-MSC) of the same fetus were isolated from three
second trimester fetuses between gestations of 16 to 25 weeks. Another six fetal liver MSCs were isolated from
gestation stage matched and unmatched fetuses. After irradiation, MSC were co-cultured with CD34(+) cells isol-
ated from umbilical cord blood (UCB-CD34+)or fetal liver (FL-CD34+). The total nucleated cell number were counted
and the phenotypic changes of co-cultured CD34(+) cells were analyzed by flow cytometry and the colony forming
unit cells were analyzed by CFU forming assay. UCB-CD34+cells were drive into erythroid differentiation by cytokine



cocktail then co-cultured with FL-MSC or FBM-MSC for terminal maturation and enucleation. Erythroid culture was
analyzed by flow cytometry with CD71 and CD235a antibodies and DNA dye LDS751.

The results showed that cell morphology varies between FL-MSCs and FBM-MSCs, yet immunophenotype of CD34,
CDA45, CD105, CD49e, CD90, CD44 expression are comparable between FL-MSCs and FBM-MSCs. Both types of cells
demonstrated similar osteoblastic differentiation capacity, yet FL-MSC has less strong adipogenic differentiation ca-
pacity. FBM-MSC had a stronger hematopoietic supportive capacity than FL-MSC for both fetal and adult HSCs, yet
the supportive capacity is more prominant for adult HSCs than fetal HSCs. In addition, FBM-MSC has a stronger ca-
pacity to promote terminal maturation of UCB-CD34+ erythroid culture. Both of them enhanced the differentiation
of CD34(+) cells into myeloid lineages. The study also found that cytokines were expressed differently in FBM-MSC
and FL-MSC. The study supports the hypothesis that hematopoietic stem cells move to favorable microenvironment
during ontogeny and provides clues to engineer better hematopoietic niches for in vitro hematopoietic differenti-
ation.

Endothelial Cells/Hemangioblasts
W-1191

HIGHLY EFFICIENT AND SCALABLE GENERATION OF FUNCTIONAL ENDOTHELIAL CELLS FROM HUMAN
PLURIPOTENT STEM CELLS BY A NOVEL GSK3 INHIBITOR.

Christoph Patsch?, Eduard Urichl, Eva Christina ThomaZ, Klaus Christensenl, Tobias Heckel?, Lin Sun?, Xin Jiang?,

Wei Hel, Per-Ola Freskérdl, Paul Huang3, Dorothee KIingl, Martin Grafl, Roberto laconel

1pharma Research Early Development, Roche, Basel, Switzerland, 2Harvard Stem Cell Institute, Cambridge, MA, Un-

ited States, 3Massachusetts General Hospital and Harvard Medical School, Cardiovascular Research Center and Car-
diology Division, Boston, MA, United States

The use of human pluripotent stem cells (PSCs) for in vitro disease-modeling and clinical applications is limited by
the ability to rapidly produce pure populations of various cell types in sufficient quantities.

Herein, we describe a scalable monolayer protocol to induce vascular cells in chemically defined conditions driven
by a novel and potent GSK3( inhibitor. Within six days we generated large cell populations that are highly en-

riched for endothelial cells (VE-Cadherin® 285%). We isolated VE-cadherin* cells by magnetic activated cell sorting
(MACS) to ensure pure and homogenous endothelial cell cultures (298%). Time-resolved whole-genome expres-
sion and selective qRT-PCR analysis revealed a gene expression pattern closely resembling early embryonic vasculo-

genesis. Further characterizations of VE-Cadherin* cells, confirm a functional endothelial phenotype. Stem cell-de-
rived endothelial cells give rise to continuous endothelium with dynamic barrier function properties, form vascular
network-like structures in angiogenesis assays, show in vivo angiogenic potential, convert into activated endothe-
lium after treatment with pro-inflammatory cytokines, thereby facilitating the recruitment of leukocytes. Overall

the purified VE-Cadherin® cells present an endothelial-specific expression pattern; positive for PECAM-1*, CD34",
VE-Cadherin®, vVWF*, CXCR4*, VEGFR2*, VEGFR3" and negative for the hematopoetic lineage markers CD45", CD43"

and for the smooth muscle cell markers PDGFRB", SMA™ The endothelial cell population maintained their cellular
identity over the period of cultivation.

This novel and robust method allowed us to reproducibly generated large numbers of homogenous endothelial
cells from more than 20 different PSC lines including disease-specific lines from patients that have vascular com-
plication associated with Type 2 Diabetes. With the growing need for defined protocols, our differentiation system
may become the standard for deriving endothelial cells at relevant scales appropriate for drug discovery campaigns
and regenerative therapies.
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NEUROPILIN-1 IDENTIFIES THE EMERGENCE OF ENDOTHELIAL COLONY FORMING CELLS FROM HUMAN
PLURIPOTENT STEM CELLS



Nutan Prasainl, Man R. Leez, J. Luke Meadorz, Sasidhar Vemulal, Momoko Yoshimotol, Michael J. Ferkowiczl, Hal
E. Broxmeyerz, Mervin C. Yoder!
APediatrics, Lindiana University School of Medicine, Indianapolis, IN, United States

Endothelial colony forming cells (ECFCs) are rare circulating endothelial progenitor cells with robust clonal prolifer-
ative potential that display intrinsic in vivo vessel forming ability. While ECFCs form durable and functional blood
vessels in vivo, they are rare in number in peripheral blood and their number tends to decline with age and dis-
ease. Thus, harnessing autologous ECFCs derived from patient specific induced pluripotent stem (hiPS) cells may be
an innovative alternative approach to repair the damaged blood vessels in patients with peripheral artery disease
(PAD) at risk for critical limb ischemia. While directed differentiation of hiPS and human embryonic stem (hES) cells
into the endothelial lineage has been reported to generate endothelial cells with a mature endothelial phenotype
possessing low proliferative potential, derivation of endothelial cells with ECFC properties (progenitor cells with
clonal proliferative potential and in vivo vessel forming ability) from human pluripotent stem (hPS) cells (both hiPS
and hES cells) has not yet been reported.

In order to identify ECFCs from hPS cells undergoing endothelia lineage differentiation, we utilized previously re-
ported protocols (both mouse stromal OP9 cells and embroid body-induced endothelial differentiation protocols)
to differentiate hiPS and hES cells into endothelial lineages and characterized isolated putative endothelial cells for
ECFC properties. The putative endothelial cells that were derived from these protocols exhibited low clonal pro-
liferative potential and were highly unstable often transitioning into non-endothelial phenotype and failed to give
rise to functional in vivo vessels upon implantation into immunodeficient mice, suggesting that endothelial cells
derived from the existing protocols lacked the ECFC properties. Therefore, based upon the known importance of
vascular endothelial growth factor (VEGF) signaling pathway in the emergence of endothelial cells during develop-
ment, we developed a novel endothelial differentiation protocol and found neuropilin-1 (NRP-1), a VEGF co-recept-
or, as an early marker for identifying the emergence of ECFCs from hPS cells. Endothelial lineage differentiation was
initiated by growing hPS cells in endothelial differentiation media supplemented with growth factors for 12 days
on Matrigel coated dishes. On day 12, cells were harvested and sorted using antibodies that recognize endothelial
antigens CD31, CD144, CD146, and NRP-1. Sorted cells were subsequently cultured in endothelial growth (EGM-2)

media. Compared to other sub-sets of sorted cells, only NRP-1*CD31" cells exhibited ECFC properties. NRP-1*CD31*
formed a homogenous monolayer with characteristic cobblestone appearance, exhibited clonal proliferative poten-
tial, demonstrated angiogenic behavior by forming capillary like structures when cultured on Matrigel, and formed
robust in vivo vessels when in implanted in immune deficient mice. Collectively, we conclude that the emergence of
ECFCs from hPS cells is identified by the endothelial subset expressing NRP-1. Overall, these studies would provide
new information on a potentially critical factor and mechanism that control specification and emergence of en-
dothelial cells with ECFC properties from hiPS cells, thereby, provide an innovative strategy to produce large num-
bers of autologous in vivo vessel forming cells to restore deficient microvasculature in patients with cardiovascular
disease.
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A SYSTEMATIC APPROACH TO ELUCIDATING THE OPTIMAL CONDITIONS FOR EFFECTIVE HARVEST OF
ENDOTHELIAL OUTGROWTH CELLS

Dedy Sandikin!, Mark Chongz, Mahesh A. Choolani?, Jerry K'Y Chan3

AObstetrics and Gynaecology, INational Univ of Singapore, Singapore, Singapore, 2Reproduct‘ive Medicine, KK Wo-
men's and Children's Hospital, Singapore, Singapore

Endothelial Progenitor Cells (EPC) from circulating blood have been the subject of intense research for diagnostic
and therapeutic applications. In particular, Endothelial OQutgrowth Cells (EOC), an EPC subset, demonstrate lineage
stability and proliferation capacity, leading to their proposed use in tissue engineering and regenerative medicine.
However, translation to clinics has been hampered by significant differences in experimental observations across
research groups, leading to questions on reproducibility of results and, indeed, on the exact identity of these cells.



We hypothesised culture conditions to influence harvest efficiency of EOC and sought to optimise the protocol for
maximal EOC yield from umbilical cord blood (UCB). Following informed consent, term UCB (n=86) were obtained
and the influence of mononuclear cell (MNC) separation, seeding density, sera and substrates were systematically
evaluated. In spite of a 10-fold reduction in total nucleated cell counts following density centrifugation, EOC could
not be generated from direct cultures of whole blood, suggesting the process of red blood cell depletion to be
critical. Subsequently, seeding density was studied and established to be inversely related to harvest yield, with a
seven-fold increase in number of EOC colonies obtained following a four-fold reduction in seeding density (p<0.01).
The effects of sera were then studied. Varying serum concentrations from 10 to 50 percent of total culture medium
was not found to significantly influence yield. Strikingly, batch-dependence was found to be the major factor, with
EOC found to be reliably generated from only two out of seven lots of sera tested from three companies. Finally,
substrate coating was not found to influence the number of colonies generated, nor cellular phenotype as assessed
by surface marker profile and functionality, as assessed by Matrigel network formation assays. In conclusion, the
isolation of EOC from UCB was successfully optimised, with recommendations for red blood depletion, optimal
seeding density and batch testing of sera for the reproducible generation of EOC. Identification of sera components
that promote or inhibiting colony formation is currently under way.
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DOSAGE OF VASCULAR ENDOTHELIAL GROWTH FACTOR REGULATES HEMATOPOIETIC STEM VERSUS
PROGENITOR CELL FATE IN HEMOGENIC ENDOTHELIUM

Lydia K. Lee, Masaya Ueno, Luisa lruela-Arispe, Hanna A. Mikkola
Department of Molecular, Cell and Developmental Biology, University of California, Los Angeles, Los Angeles, CA,
United States

Healthy donors comprise the only source of transplantable hematopoietic stem cells (HSC) to date, as their produc-
tion in vitro from pluripotent cells has been unsuccessful. So far, the mechanisms that dictate hemogenic endotheli-
um fate to multipotent, self-renewing HSC rather than transient myeloerythoid progenitors are poorly understood.
A critical signaling pathway acting on embryonic mesoderm and endothelium is the Vascular Endothelial Growth
Factor A (VEGF-A)/VEGFR2 pathway, a potent regulator of vasculogenesis and angiogenesis. Although its function
in embryonic hematopoiesis has been implied, developmental studies using in vivo mammalian models are scarce
due to the lethality of the VEGF heterozygous embryos. To overcome this hurdle and obtain germline heterozygous

mutants, we intercrossed female Vasa-Cre transgenic mice with VEGF/W! males. Remodeling of the yolk sac and
embryo vasculature into mature branched networks was severely impaired in haploinsufficient concepti, which
never developed beyond E10.5. Surprisingly, although the yolk sac is the site of emergence for the first hematopoi-
etic wave of “primitive” erythroid cells as well as the second wave of “transient-definitive” myeloerythroid restric-
ted progenitor cells, its potential to form either primitive erythroid or myeloerythroid colonies in methylcellulose
was unaffected. This finding contrasted prior reports of a major defect in the generation of primitive red blood cells
(RBC). FACS analysis and immunofluorescence (IF) confirmed the presence of Ter119+CD71+ BH1-globin primitive
RBCs in the yolk sac and the placenta, and suggested that improper vascularization, rather than perturbed hema-
topoiesis, was the cause for the pale yolk sac.

In contrast, fewer mixed myeloerythroid colonies developed from explants of the placenta and the caudal half of
the embryo, which are sites for the final and “long-term definitive” wave generating the multipotent HSCs that dif-
ferentiate into myeloid, erythroid as well as lymphoid lineages. Moreover, hematopoietic organs from heterozygous
embryos could not grow either B or T-lymphoid cells in OP9 and OP9-DL1 stroma co-culture, respectively. Further-
more, IF revealed reduced arterialization in VEGF-A-deficient placenta. These data suggest that proper dosage of
VEGF-A is required to develop HSCs and establish arterial identity that is necessary for the specification of hemo-
genic endothelium to HSC fate.

To define the critical sources of VEGF-A during hematopoiesis, we used complementary tissue-specific genetic mod-
els of VEGF-A inactivation. Deletion of one VEGF-A allele from Tie2-expressing endothelial cells generated mutant
embryos that were indistinguishable from their control littermates and robustly generated all types of hematopoi-
etic stem/progenitor cells. Similarly, deletion of one allele of VEGF-A from Mesp1-expressing mesodermal cells in



embryonic hemogenic tissues and the heart did not abolish the generation of pRBCs, myeloerythroid progenitors
or lymphoid cells. Finally, we deleted one or both VEGF-A alleles exclusively from the placental trophoblasts by in-
fecting the trophectoderm with a lentiviral vector encoding Cre. No mutants survived beyond the 26 somite-pair
stage, and yolk sac vasculature was poorly remodeled. These data suggest that placental trophoblasts constitute
a vital source of VEGF-A during development that may even support hematopoiesis and vasculogenesis in distant
hemogenic tissues.
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INVESTIGATING THE DIFFERENTIATION OF ARTERIAL AND VENOUS SUBPOPULATIONS OF HUMAN EMBRYONIC
STEM CELL DERIVED ENDOTHELIAL CELLS - APPROACH TO VESSEL GENERATION

Edit Gara, Judit Skopal, Annamadria Kosztin, Zsolt Bagyura, Tamas Németh, Béla Merkely, Gabor Foldes
Heart Center, Semmelweis University, Budapest, Hungary

Human pluripotent stem cell derivatives offer the promise for novel therapeutic possibilities in cardiovascular dis-
ease. In this study, we aimed to identify signals responsible for induction of arterial and venous endothelial dif-
ferentiation. Undifferentiated H7 human embryonic stem cells (hESC) were differentiated into endothelial lineage
using monolayer and embryoid-body formation methods. The CD31-positive cells were separated from the differ-
entiating culture by FACS. Human ESC-derived endothelial cells (hESC-ECs) were characterized by their morpholo-
gical, immunocytochemical and in vitro functional properties. Cells were stained positive for panendothelial mark-
ers CD31, von Willebrand factor, and ve-cadherin by immunocytochemistry; cells form capillary-like tubules on
Matrigel and can take up acetylated-low density lipoprotein. The role of hypoxia (5% 02) and vascular endotheli-
al growth factor (VEGF) supplementation were assessed on the differentiation of arterial and venous subpopu-
lations. We showed that both hypoxia and VEGF tended to improve the differentiation yield (control, 0.2%; hyp-
oxia, 0.3%; VEGF, 0.7%), however, it stayed low. As assessed by quantitative PCR, culture of hESC-EC abundantly
expressed both arterial (EphrinB2, Notch1-2) and venous (EphB4) endothelial markers. The mRNA of lymphatic-
specific marker, FLT4 was not detectable. VEGF markedly increased the mRNA levels of arterial endothelial genes
as well as venous marker EphB4 in the differentiating culture (Notch1, 18.89+3.75; Notch2, 9.01+2.97; EphrinB2,
11.8945.29; EphB4, 10.10+3.04-fold increases vs. hESC, all p<0.01, n=3). Hypoxia induced higher endothelial marker
expressions in monolayer than in EB-derived cultures (Hypoxia-method: Notch1, 6.01+1.68; Notch2, 6.46+1.50;
EphrinB2, 2.9340.68 - fold changes vs hESC all p<0.05; EphB4 3.72+1.01 - fold increase vs. hESC; EB-method:
Notch1, 1.15+0.60; Notch 2 0.60+0.14; EphrinB2, 0.77+0.13; EphB4, 0.7040.15 - fold increase vs. hESC,n=3).To test
in vivo viability and maturation of the cells, we have transplanted hESC-EC and control HUVEC subcutaneously into
athymic nude rats. Immunohystochemistry has proven that hESC-EC form capillary-like structures in vivo. After im-
plantation, the mRNA levels of arterial and angiogenesis markers were significantly higher as compared with preim-
planted cells (fold increases, meantsem: angiopoietin2, 86.23+26.34; apelin, 1197+703, Notch1 440+303; EphrinB2
58+37; n=5, p<0.05). Endothelial derivatives of human pluripotent stem cells can be promising future options for
tissue engineering in ischaemic cardiovascular diseases and vascular regeneration. VEGF and hypoxia may act as
key extracellular signals in the differentiation process toward more specific endothelial subpopulations.
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HUMAN ENDOTHELIAL COLONY FORMING CELLS (ECFCS) - IMMUNOGENICITY STUDIES UNDER INFLAMMATORY
CONDITIONS AND THE PRESENCE OF MESENCHYMAL STROMAL CELLS (MSCS)

Naima Souidil, Katharina Schallmoserz, Dirk Strunkz, Caroline Schmidt-Lucke3, Hans-Dieter Volkl, Martina Seifert?
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Introduction: Endothelial Colony Forming Cells (ECFCs) have been described to have regenerative properties by en-
hancing endogenous vascular repair processes and forming vascular networks in vitro as well as in vivo. To consider



ECFCs for therapeutic purposes, the cells must be analyzed regarding their immunogenic capacity in an inflammat-
ory environment. Potential therapeutic co-application with Mesenchymal Stromal Cells (MSCs) might not only sta-
bilize vessel formation, but could also promote modulation of ECFC immunogenicity in an inflammatory surround-
ing.

Methods: We isolated pairs of human umbilical cord derived ECFCs and MSCs from healthy donors and checked for
phenotypic and immunogenic marker expression and differentiation capacity. Both cell types were exposed to dif-
ferent pro-inflammatory cytokines for 24h and stained for HLA- and adhesion molecules. Induction of CD4+ T cell-
proliferation by ECFCs and MSCs was analyzed using a CFSE-based proliferation assay and measured by multicol-
or flow cytometry. To assess the potential immunomodulatory cross-talk between both cell types, we additionally
performed proliferation assays with mitogen-triggered CFSE-labeled peripheral blood mononuclear cells (PBMCs).

Results: ECFCs and MSCs showed strong constitutive expression of HLA-ABC and ICAM-1. After stimulation with dif-
ferent pro-inflammatory cytokines (TNFa, IL-1B and IFNy) for 24 hours, both cell types showed enhanced expres-
sion of both surface markers. ECFCs triggered with TNFa and IL-1p upregulated the adhesion molecule VCAM-1,
whereas MSCs did not respond to IL-1B stimulation. Exposure to IFNy dose-dependently induced expression of HLA-
DR in ECFCs after 24h. In contrast, MSCs remained negative for HLA-DR during the same time frame but showed a
delayed upregulation after three days.

The co-culture of IFNy pre-treated ECFCs with CD4+T cells induced some immune cell proliferation. In contrast,
unstimulated as well as IFNy-treated MSCs failed to trigger proliferation responses. When tested in mitogen-stim-
ulated assays, only MSCs were able to reduce PBMC proliferation significantly. Co-application of ECFCs and MSCs
diminished the MSC effects.

Conclusion: ECFCs, in contrast to MSCs, show restricted immunogenicity via the up-regulation of HLA-DR by IFNy.
MSCs were not able to influence the immunogeneic potential of ECFCs. However, ECFCs could reduce the immun-
omodulatory effects of MSCs.
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A HIGH-THROUGHPUT SCREENING TO STUDY THE ROLE OF THE HEMANGIOMA-DERIVED STEM CELL (HEMSC) IN
TUMOR FORMATION

Shaghayegh Harbi
New York University, New York, NY, United States

Infantile hemangioma (IH) is the most common tumor of infancy. However, little is known of its etiology and patho-
genesis of infantile hemangioma. The overall goal of this investigation is to understand the process of hemangioma-
genesis — defined as human vascular differentiation, followed by vascular regression and adipogenesis — by char-
acterizing the progenitor hemangioma-derived stem cells (HemSCs). To understand the tumorigenic potential of
HemSCs at the single cell level, genetic signatures and cell surface markers need to be identified via a multifaceted
and targeted approach, using fluorescence-activated cell sorting (FACS)-purified/enriched HemSCs to highlight ex-
pression signatures between the progenitor — HemSCs and its derivatives.

Based on the current knowledge of IH biology, we hypothesize that the hemangioma-derived stem cell (HemSC) is
a vascular stem/progenitor cell whose proliferation is dysregulated but not fully transformed, that orchestrates
hemangioma pathophysiology via sophisticated activation of multiple signaling and regulatory networks.

To explore this hypothesis we propose to develop the following Specific Aims: 1) To perform a high-throughput
FACS analysis of cell surface markers and confirm the results by fluorescence bioimaging: Through a high through-
put screen, characterize human cell surface markers (242-antibody screening) to differentiate between tumor bio-
markers (diagnostic tool) and tumor stem cell biomarkers (therapeutic tool). 2) To characterize the gene expres-
sion profiles and patterns: Characterize the gene expression profiles and patterns by microarray analysis followed
by gRT-PCR and high-throughput analysis using lab-on-a-chip approach with single cell microfluidic analysis (micro-
fluidic based single cell transcriptional analysis and fluorescence-activated cell sorting) of the cultured (FACS sor-
ted) HemSCs and endothelial cells (human umbilical vein endothelial cells, HUVEC); HemSCs and the heterogen-
eous cell population following exposure to dexamethasone (the steroid commonly used for clinical management



of IH); HemSCs and glioblastoma CD133+ stem cells; HemSCs and Mesenchymal/Bone Marrow/Cord Blood CD133+
stem cells.

Significance |dentifying a stem cell (HemSC) as a cellular precursor - with the ability to self renew and give rise to
derivative cell types (with a differentiation potential) - two key functional properties of adult stem cells, is para-
mount in disease intervention and direct drug target therapy of IH as well as in regenerative medicine. Thus further
identification and characterization of the HemSCs will lead to practical implications for clinical application. Reach-
ing this goal requires advanced technology for quantitative characterization of the FACS enriched HemSCs to char-
acterize the cellular biomarkers and the gene expression profiles of the single HemSC. This approach will provide
distinct gene set signatures for diagnostic assays and drug targeting. Understanding the vasculogenic mechanism
that controls IH development can also afford understanding the mechanisms that mediate the transformation of
certain cancer stem cells into tumor endothelial cells - such as the differentiation of glioblastoma CD133+ cells into
endothelial progenitors - potentially indicating a therapeutic target for treating proliferating hemangiomas.
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RSK4 SUPPRESSES ENDOTHELIAL CELL FATE THROUGH DIRECT INHIBITION OF PKA ACTIVITY

Taichi Matsunagal, Kohei Yamamizul, Kazuko Koshiba Takeuchiz, Mizuyo Kojimaz, Jun K. Takeuchiz, Jun K.
Yamashita®
1Department of Cell Growth & Differentiation, Center for iPS Cell Research and Application, KYOTO UNIVERSITY,

Kyoto, Japan, 2Division of Cardiovascular Regeneration, Research Center for Epigenetic Disease,, Institute of
Molecular and Cellular Biosciences, The University of Tokyo, Tokyo, Japan

Endothelial cell (EC) differentiation is strictly regulated to generate functional blood vessel. To elucidate the under-
lying mechanisms of EC differentiation, we have previously established in vitro differentiation system and demon-
strated that fetal liver kinase 1 (FIk1) + mesodermal cells derived from ES cells serve as common progenitor of both
EC and Mural cells (MC; vascular smooth muscle cells and pericytes). We recently reported that cyclic adenosine
monophosphate (cCAMP)/protein kinase A (PKA) signaling enhanced EC differentiation from Flk1+ mesodermal cells
via induction of VEGF receptors expression. We also revealed that expression of Ets variant2 (Etv2), a key molecule
for hemato-endothelial fate, is triggered by PKA signaling. However, little is known about the regulation of PKA sig-
naling in EC differentiation. To further dissect these sequential processes in vascular formation, we investigated a
novel molecule target and its function during EC differentiation.

We carried out microarray analyses at various differentiation stages; undifferentiated ES cells, Flk1+ mesodermal
cells to ECs and MCs. Then, we found that isoforms of p90 ribosomal S6 protein kinase (RSK) family were specifically
expressed in differentiation stages. RSK1 was predominantly expressed in undifferentiated ES cell. RSK2 and RSK3
were highly expressed in EC. RSK4 was expressed in Flk1+ mesodermal cells and diminished in ECs. RSKs are medi-
ators of the Ras/mitogen-activated protein kinase (MAPK) signaling cascade, which controls various biological func-
tions, including cell growth, proliferation and survival. However, the role of RSK family that is still uncharacterized
during EC differentiation.

To investigate roles of RSKs in EC differentiation, we examined the effect of a broad-spectrum RSKs inhibitor,
SL0101, in our system. SL0101 treatment enhanced VEGF receptor expression and EC differentiation specifically
with the simultaneous cAMP signal. SL0101-elicited EC differentiation was abolished by knockdown of PKA catalytic
subunit alpha (PKAc), suggesting that the regulation by RSK during EC differentiation is depended on a PKA pathway.
To identify RSK isoform that regulates EC differentiation, we investigated EC differentiation using shRNA against
each RSK isoform. Among RSK families, RSK1-3, RSK4 knockdown in Flk1+ mesodermal cells similarly showed an
increase of EC differentiation via induction of FIk1l and Etv2 expression even in the absence of SL0101. To demon-
strate whether RSK4 interacts to PKA, we investigated the mechanisms linking PKA activity to RSK4. The immuno-
precipitation and immunoblotting experiments indicated that RSK4 has potential to bind to PKAc. Moreover, RSK4
overexpression significantly decreased PKA activity. Furthermore, to investigate the biological function of RSK4 in
vivo, we performed ex vivo whole embryo culture assay. Embryos that were cultured in the presence of SL0101



displayed an aberrant surface of yolk sac. Namely, SL0101 treatment dramatically enlarged the area of CD31+ vas-
culature in yolk sac.

Taken together, our findings are first evidences of strict system regulated by RSK4 to form correctly vascular devel-
opment in mouse embryogenesis. RSK4 expression regulates endothelial cell fate through suppression of PKA-me-
diated Flk1 and Etv2 induction. Elucidation of the new-model cell fate determination by RSK4 would provide novel
insights in developmental biology, stem cell biology, and regenerative medicine.
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HUMAN UMBILICAL VEIN ENDOTHELIAL CELLS SYNERGIZE OSTEOGENIC/ODONTOGENIC DIFFERENTIATION OF
PERIODONTAL LIGAMENT STEM CELLS IN 3D CELL SHEET

Chamila P. Panduwawalal, Lakshman P. Samaranayakez, Lijian Jin3, Chengfei Zhang1

AComprehensive Dental Care, BOral Biosciences, Periodontology and Public Health, 1The University of Hong Kong,
34, Hospital Road, Sai Ying Pun, HK, Hong Kong

Objective:

To investigate the expression of odontogenic differentiation markers and vascular network formation in 3-D cell
sheet with different cell ratios of periodontal ligament stem cells (PDLSCs) and human umbilical vein endothelial
cells (HUVECs).

Method:

Human PDLSCs were isolated and characterized by flow-cytometry, and HUVECs were used for construction of
cell sheet. Both types of cells were seeded on temperature responsive culture dishes with PDLSCs alone, HUVECs
alone, and various ratios of these cells (1:1, 2:1, 5:1 and 1:5) to obtain confluent cell sheet layers. The expres-
sion of odontogenic pathway markers including ALP, BSP, RUNX2 were analyzed at 3 and 7 days using RT-PCR. Fur-
ther ALP protein quantification was done at 7 and 14days using alkaline phosphatase assay. The calcium nodule
formation was assessed qualitatively and quantitatively by Alizarin Red assay. Histological evaluations of three cell
sheet constructs treated with different combinations (PDLSCs-PDLSCs-PDLSCs/PDLSCs-HUVECs-PDLSCs/Co-Culture
2:1 PDLSCs-HUVECs) were performed with H&E and immunofluorescence straining. Statistical analysis was done by
t-test (p<0.05).

Result:

Significantly higher ALP gene expression was observed at 3days in 1:1 (PDLSCs:HUVECs) (2.52+0.67) and
5:1(4.05+1.07) co-culture groups compared with other groups(p<0.05), being consistent with ALP protein quantific-
ation. However, BSP and RUNX2 genes expressions were higher at 7days compared to that detected at 3 days. Sig-
nificant calcium mineralization was detected and quantified by Alizarin red assay at 14days in 1:1(1323.55+6.54um)
and 5:1(994.67+4.15um) co-cultures as compared with mono-culture cell sheets(p<0.05). H&E and CD31 immuno-
staining illustrated the development of a layered cell sheet structure with endothelial cell islands within the con-
structed PDLSCs-HUVECs-PDLSCs and co-culture groups. Furthermore, HUVECs permeated into layered cell sheet,
was suggestive of rudimentary vascular network initiation.

Conclusion: This study suggests that PDLSCs-HUVECs co-culture models exhibit significantly high levels of odonto-
genic markers with signs of initial vascualar formation. This novel 3-D cell sheet-based approach may be potentially
beneficial for periodontal regenerative therapy.
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ANGIOGENESIS IN PATIENTS WITH CHRONIC OCCLUSIVE ARTERIAL LOWER LIMBS DISEASE TREATED WITH
AUTOLOGOUS STEM CELL AND EXERCISE

carlos francol, Luz Mabel Avila Portilloz, Francisco Arroyol, Daniel Segural, Gonzalo PuIIazz, Benjamin Ospinoz,

Oscar Mauricio Alvarez?, Jenniffer Priscila Avila2
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Introduction:

Chronic occlusive arterial disease (COAD) affecting the lower limbs, is a

disease resulting from atherosclerosis, also having the risk of progression to
critical ischemia. Many

of these patients are not candidates for revascularization strategies; the stem
cell transplantation becomes a viable treatment option.

.Objectives:

Evaluate the clinical response

obtained after autologous stem cell (ASCs) transplantation and a walking exercise program,
in patients with chronic occlusive arterial disease of lower limbs without
possibility of surgical revascularization.

Materials and

Methods: After signing informed

consent 24 patients with unilateral or bilateral COPD without possibility of
revascularization (Fontaine Il and IIl), were subjected to an ASCs intramuscular
injection, obtained from peripheral blood or bone marrow, all the patients
started therapy 3 times a week for 12 weeks at a Low Intensity 85% of maximum
heart rate obtained during a stress test or formula 220-age x 85%. With the
inclination and speed needed to induce claudication (moderate pain) in the
first 3 to 5 minutes with duration of 30 minutes to 60 minutes treadmill with
duration: 30 minutes to increase up to 60 minutes. At mode: Walk treadmill. In
this study was evaluated the ankle / brachial index (ABI), pain visual analog
scale (VAS) and free walking distance claudication (WDC) by comparing
pre-transplant, two visits post-implementation and a year after the
intervention.

Results:

The first evaluation was done by week 9.1 + 3.3 and the second to 16.6 £ 5 days
post injection. The third assessment was done at week 64.5 + 4. All patients
showed improvement in ABI 1(0.52 + 0.21 to 0.65 + 0.13 p = 0.0023) and had
decreased in the score by VAS of pain (from 9.1+ 0.67to5.67+1.3p=

0.0000) compared with the first visit; difference increases when comparing the
initial state with the second visit (0.52 + 0.21 to 0.71 £ 0.14 p = 0.0001) for

the ABI and VAS (from 9.1 + 0.67 to 3.22 + 2.4 p = 0.0000). The decrease in VAS
for pain persisted over time even up to the assessment year (from 9.1 £ 0.67 to
2.22 + 1.3 p = 0.0000). On the march there was a significant increase in
distance traveled in meters after transplantation (from 86.2 + 50.6 to 339.4 +
119 p = 0.0000) of the significant between groups. There were no adverse effects or
complications related to the procedure.

.Conclusion:

The autologous stem cells CD34 * / CD133 * through intramuscular
injection plus a walking exercise

program is a clinically feasible and effective strategy to sustainable results
in short and medium term, making it

, (viable) suitable tool for the

management of patients with severe lower limb atherosclerosis.
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UTILIZING STEM CELLS TO CREATE A NOVEL BLOOD-BRAIN BARRIER MODEL

Ethan Lippmann, Samira Azarin, Abraham Al-Ahmad, Jennifer Kay, Hannah Wilson, Sean Palecek, Eric Shusta
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The blood-brain barrier (BBB) is composed of brain microvascular endothelial cells (BMECs) which line brain ca-
pillaries and control trafficking between the brain and bloodstream via extremely restrictive intercellular junctions
and a cohort of transporter proteins expressed by the endothelium. This unique interface is necessary to main-
tain brain health and homeostasis but presents a significant bottleneck for drug delivery: it excludes ~98% of small
molecule therapeutics from reaching the brain. A long-standing goal in the research community has been the cre-
ation of a robust human in vitro BBB model to utilize for many purposes, including studies of BBB development and
regulation and to use in high throughput screening of prospective neuropharmaceuticals. However, issues such as
low yields, lack of scalability from primary sources, and poor barrier properties in vitro have hindered this field for
several decades. To circumvent such problems, we have utilized human pluripotent stem cell (hPSC) technology to
construct a high-fidelity BBB model. We developed a protocol for differentiating hPSCs to endothelial cells possess-
ing characteristic BBB markers (GLUT-1, p-glycoprotein) and tight junction proteins (claudin-5, occludin). Derivation
of these so-called hPSC-derived BMECs relies on the co-differentiation of neural cells that impart BBB character-
istics on the developing endothelium in part via Wnt/B-catenin signaling. Purified hPSC-derived BMECs possess a
substantial in vitro BBB phenotype, including elevated transendothelial electrical resistance (TEER) in response to

co-culture with primary rat astrocytes (up to 1450+140 Qxcmz), selective permeability to small molecules of vary-
ing lipophilicity that correlates well with in vivo uptake, and expression of active efflux transporters. By incorporat-
ing other cells of the neurovascular unit into this BBB model, such as human pericytes derived from fetal tissue and
human astrocyte/neuron mixtures derived from fetal neural progenitor cells, and optimizing medium conditions,

we can further improve TEER up to 5000 Qxcm?2. Overall, this model could have a variety of applications ranging
from basic biological studies to screening candidate drugs for brain uptake.
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INDUCED HEMANGIOBLASTS DERIVED FROM EMBRYONIC STEM CELLS EFFECTIVELY IMPROVE VASCULAR REPAIR
AND REGENERATION

Fang Liul, Suk Ho Bhangz, Elizabeth Arentson?, Chan Kyu Kim?, Inyoung Kangl, Jinsheng Yu3, Judy Yool, Nagisa Sak-
urail, Kyunghee Choil

APathology & Immunology, BDepartment of Biomedical Engineering, CDepartment of Genetics, 1Washington
University in St. Louis, St. Louis, MO, United States

Generation of tissue restricted multipotent progenitors from pluripotent stem cells would be a powerful tool for
regenerative applications. As for blood and vessel development, it has been shown that FIk-1+ mesoderm derived
from embryonic stem (ES) cell or embryos contains the hemangioblast, a common progenitor of hematopoietic
and endothelial cells. Our previous studies suggest that an Ets transcription factor, ER71/Etv2, can specify heman-
gioblast commitment from Flk-1+ mesoderm at the expense of cardiogenic Flk-1+ mesoderm generation. Herein,
we reasoned that homogenous hemangioblast induction from ES cells could be achieved through cooperatively
utilizing of defined hemangiogenic factors. By extensively screening of candidate genes preferentially expressed in
the hemangioblasts, we were able to detect skewing outcome toward hemangiogenic (FIk-1+PDGFR-alpha-) meso-
derm with Er71, Gata2 or Scl enforced expression. Furthermore, we demonstrated that ER71/Etv2, GATA2 and Scl
form a core transcriptional network in hemangioblast development and that transient co-expression of these three
factors during mesoderm formation stage in mouse ES cells robustly induced hemangioblasts by activating BMP and
FIk-1 signaling and inhibiting PI3K and Wnt signaling. “The three factor-induced hemangioblasts” effectively gener-
ated hematopoietic and endothelial cells both in culture and in vivo. Importantly, mesenchymal stem cells (MSCs)
protected induced hemangioblasts from apoptosis when co-cultured as spheroids and promoted their endothelial
cell differentiation by producing VEGF and FGF2 angiogenic factors. Consequently, induced hemangioblasts, when
co-delivered with MSCs as spheroids, generated functional endothelial cells and smooth muscle cells in ischemic
mouse hindlimbs, resulting in improved blood perfusion and limb salvage. We provide a novel strategy to generate
hemangioblasts and tissue spheroids of hemangioblast-MSCs for potential angiogenic repair and regeneration.
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HIF1a EXPRESSION IN MULTIPLE ADULT STEM CELL COMPARTMENTS

Natsumi Takahashi, Juanita Mathews, Richard Allsopp
Institute for Biogenesis Research, University of Hawaii, Honolulu, HI, United States

Hypoxia inducible factor 1 alpha (HIF1a) is the principal transcriptional regulator in response to a low oxygen en-
vironment, activating a number of target genes for adaptive responses. Previously our group has identified HIF1a
as a critical regulator of telomerase reverse transcriptase (Tert), the catalytic component of telomerase, in mouse
embryonic stem cells. In the present study, we have begun to investigate the expression of HIF1a in mouse adult

stem cell compartments. We observed low but detectable levels in resting c-Kit+Scal+lineageN®8 Thy1.1° hema-
topoietic stem cells (HSC), and readily detectable levels in CD133+ neuronal stem cells (NSC). Furthermore, immun-
ohistochemical and western analysis revealed high levels expression of HIF1a in spermatogonial stem cells in both
neonatal and adult testes as well as in both primordial follicles in neonatal ovary and mature oocytes in adult ovary.
Exposure of both HSC and NSC to a hypoxic environment in vitro significantly induced Hif1 levels as well as Tert ex-
pression and telomerase activity (P<0.01). These observations point towards an important role of Hifl in stem cell
behavior, including regulation of telomerase.
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ASYMMETRIC AND SYMMETRIC REGULATION OF STEM CELL FATES BY HETEROCHRONIC AND WNT/MAPK
PATHWAYS IN C. ELEGANS

Omid F. Harandil, Victor Ambros?

lMedicine, Harvard Medical School/Beth Israel Deaconess Medical Center, Boston, MA, United States, 2Molecular
Medicine, University of Massachusetts Medical School, Worcester, MA, United States

Stem cells can switch between asymmetric (self-renewing) and symmetric (proliferative) cell division patterns and
this transition must be tightly regulated for normal development and tissue homeostasis. Many genes that function
in invertebrate asymmetric division have been shown to be deregulated in human malignancies and may act to pro-
mote proliferation of cancer stem cell by altering the balance between asymmetric and symmetric cell divisions. To
genetically assess the role of pathways involved in transition from asymmetric to symmetric cell division, we util-
ized post-embryonic epithelial stem (seam) cells in C. elegans which permits us to study the genetic interactions of
factors involved in temporal cell fate decision, self-renewal and polarity at the level of single stem cell in vivo. Here,
we provide evidence that this transition is regulated by the activity of Wnt and MAPK pathways components, LIT-1/
NLK (Nemo-Like Kinase) and POP-1 (TCF), and the temporal control of this transition is regulated by the hetero-
chronic genes LIN-14, LIN-28, and let-7-family microRNAs. We propose that the heterochronic genes may modulate
the temporal thresholds for LIT-1/NLK and POP-1/TCF activity in the stage-specific of these transitions by maintain-
ing the polarity of APR-1/APC. Our results suggest a new emerging view of regulation of asymmetric to symmetric
transition and polarity by heterochronic genes during normal stem cell development which might be deregulated
in cancer stem cells.
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EFFECTS OF DIFFERENT SUBCULTURE TIMES ON CELL PROLIFERATION, REACTIVE OXYGEN SPECIES GENERATION
AND APOPTOSIS OF FRESH OR CRYOPRESERVED EMBRYONIC STEM CELLS

Myungook Leel, Jung Ki Yoonl, Jae Hee Lee3, Seo Jin Ohl, Ji Yeon Ahnz, Jeong Mook Liml

AWCU Biomodulation, Bcancer Research Institute, 1Seoul National University, Seoul, Korea, Republic of, 2Dept of
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This study was conducted to evaluate the effects of subculture times on cellular competence and cryopreservation
capacity of embryonic stem cells (ESCs). Mouse ESCs subcultured either 4 (early passaged) or 19 times (late pas-
saged) were further subpassaged with or without cryopreservation. Cell proliferation, generation of reactive oxy-
gen species (ROS) and incidence of apoptosis were monitored after 1, 2 and 6 subpassages of post-treatment sub-
culture. Faster cell proliferation appeared as shortening of doubling times (p<0.05 by PROC-GLM) were detected
in the late-passaged ESCs as compared to the early-passaged ESCs, which was accompanied by decreased ATP syn-
thesis. These effects appeared, regardless of cryopreservation, but the difference of each parameter among the
treatments disappeared as the post-treatment subculture progressed. The same pattern was detected in ROS gen-
eration, but a significant decrease in the generation was observed only in the late ESCs after cryopreservation.
There was no remarkable increase in apoptotic cell number between the early-passaged and late-passaged ESCs,
but the subculture after cryopreservation further reduced the apoptotic cell number. In conclusion, subculture of
ESCs influences cellular activity and subculture repeated at least twice after the designated treatment contributes
to the stabilization of ESC activity.
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A NOVEL POTENTIAL THERAPY FOR VASCULAR DISEASES: DENDRITIC CELLS DIRECT PRO-ANGIOGENIC
STIMULATION OF BLOOD-DERIVED STEM/PROGENITOR CELLS

Yael Poratl, Mark J. Nivenz, Shlomo Bulvik3
1Hemato/ogy BC Stem Cell Research, BioGenCell Sanz Medical Center Laniado Hospital, Netanya, Israel, ABildirici
Diabetes Center, BHematology BC Stem Cell Research, 2Sanz Medical Center Laniado Hospital, Netanya, Israel

Background: Recent data show that dendritic cells (DCs) are important component of stem cell niches in the bone
marrow and spleen, and as such may have a role in stem/progenitor cell homeostasis and in pro- and anti-an-
giogenic processes (Gabrilovich, 1996; Dikov, 2005; Sozzani, 2007). We describe a novel technology for generating
a therapeutic population (BGC101) of enriched endothelial progenitor cells (EPCs), using DCs to specifically direct
Stem/progenitor cell (SPCs) activity in vitro. This newly developed process makes it possible to use unmobilized
blood cells as a source for sufficient numbers of potentially therapeutic stem/progenitor cells within culture for one
day.

Methods and results: Selected immature plasmacytoid and myeloid DCs from healthy and diabetic donors, ob-
tained from either the Israel Blood Bank, or Laniado Hospital after receiving signed informed consent approved
by hospital’s IRB (Bulvik 15/150109), were activated with anti-inflammatory and pro-angiogenic molecules to in-
duce specific activation signals. Co-culturing of activated DCs with SPCs for 12-66 hours generated 83.7+7.4x1076
BGC101 cells with 97% viability from 250 ml of blood. BGC101, comprising 52.4+2.5% EPCs (expressing Ulex-lectin,
AcLDL uptake, Tie2, vascular endothelial growth factor (VEGF) receptor 1 and 2, and CD31), 16.1+1.9% SPCs (ex-
pressing CD34 and CD184), and residual B and T helper cells, demonstrated angiogenic and stemness potential
and secretion of IL-8, IL-10, VEGF, and osteopontin. When administered intramuscularly to nude mice with limb
ischemia, BGC101 yielded a high safety profile and significantly increased blood perfusion, capillary density, and
limb function. In the experiment the %perfusion was tested in the vehicle-treated control group, the peripheral
blood mononuclear cell (PBMC)-treated group, and the BGC101-1 (1-day culture), BCGC101-3 (3-day culture, high
dose), and BGC101-31 (3-day culture, low dose). After 21 days BGC101 treatment doubled the blood flow to the
legs from an average of 23+5% after injury to an average of 51+3.1% on day 21 after treatment (p<0.002). Cell
tracking and biodistribution showed that engraftment was restricted to the ischemic limb.

Conclusions: These observations indicate that alternatively-activated DCs can promote the generation of EPC-en-
riched SPCs within culture for one day. It is particularly noteworthy that the blood of diabetic patients yielded the
same range of numbers and specific cells as that of healthy donors. This is an important finding, as a blood volume
of 250 ml can be safely and easily acquired even from patients with anemia. Thus, in addition to its scientific merit
the novel technology described here can be expected to facilitate the development of a standardized product with
potential clinical applications for treatment of various vascular conditions such as coronary heart disease, stroke
and peripheral ischemia.
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SMAD3 DEPLETED ES CELL TERATOMA AS A NOVEL MODEL TO STUDY TUMOR DEVELOPMENT

Ping Yuan
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Smad3 depleted ES cell teratoma as a novel model to study tumor development

Disease associated gene knockout embryonic stem cells can serve as valuable in vitro models for the study of dis-
ease mechanisms and drug screen. Smad3 mediated TGF-B/Activin/Nodal signaling plays important roles in many
biological processes and Smad3-/- mice develop colorectal cancer. But, Smad3 depleted embryonic stem cells have
yet to be derived. To exam whether Smad3-/- ES cell can be used to study tumor development, we derive Smad3-/-
ES cells. Smad3-/- ES cells display no defect on self-renewal and proliferation. They express similar level of pluri-
potent genes and lineage genes compared to wild type ES cells. Intriguingly, subcutaneous injection of Smad3-/-
ES cells into nude mice leads to formation of malignant immature teratomas, while wild type ES cells tend to form
mature teratomas. Microarray analysis shows that Rifl, a key DNA repair factor, is highly upregulated in Smad3-/-
ES cells. Smad3 binds to Rifl promoter region and directly represses its expression. As the elevated expression of
DNA repair genes is associated with metastasis of tumor, the upregulation of Rifl may be responsible for the malig-
nancy of Smad3-/- teratoma. This study uncovers a novel mechanism between smad3 and a DNA repair factor Rif1,
and also suggests that transgenic ES cell teratoma may serve as a good model to study the mechanism of tumor
development.
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ISOLATION AND CHARACTERIZATION OF ENDOTHELIAL OUTGROWTH FROM CORONARY ARTERIES IN PATIENTS
WITH ACUTE MYOCARDIAL INFARCTION FOR DISEASE MODELING

Susan Gallogly
Scottish Centre for Regenerative Medicine, University of Edinburgh, Edinburgh, United Kingdom

Background: Endothelial dysfunction is one of the earliest pathological features in atherosclerosis and predisposes
to intra-vascular thrombosis, ischemia and infarction. Our understanding of endothelial cell biology is derived
mainly from the study of commercially available human umbilical vein endothelial cells (HUVECs). However,
HUVECs are not involved in atherosclerosis and provide only limited insight into the pathogenesis of coronary
artery disease. We describe a novel method for the isolation of coronary artery endothelial cells from thrombec-
tomy specimens obtained during the treatment of patients with acute myocardial infarction.

Objective: To isolate, expand and characterise coronary endothelial outgrowth (CEO) cells and compare these cells
to HUVEGs, in order to investigate the potential of CEO cells as a model of human endothelial dysfunction.
Method: Patients presenting to the Royal Infirmary of Edinburgh with ST-segment elevation myocardial infarction
(n=15) who underwent emergency percutaneous coronary intervention and thrombus aspiration were recruited.
Thrombus specimens were manually dissected, plated onto collagen-I coated plates and maintained in endothelial
growth media to encourage cellular outgrowth. Growth kinetics (population doubling time) was evaluated and cells
were fixed and immunostained. A multiparameter flow cytometric analysis using monoclonal antibodies to en-
dothelial cell markers was performed (CD31-FITC, KDR-PE, CD146-PE/Cy7 and CD34-APC/Cy; percent positive ex-
pression). Angiogenic potential was assessed using an established method of tubule-like structure formation on a
basement membrane matrix (Matrigel).

Results: Outgrowth of coronary artery endothelial cells was observed in 9/15 samples. CEO cells were maintained
for a minimum of 38 days in culture (mean=4512 days). Populations doubling times of CEO cells were comparable to
HUVECs (mean+SD: CEO 2.6+0.5, HUVEC 2.310.1 days; p=0.50 student’s t-test). CEO cells had typical “cobblestone”
morphology and were immunoreactive for the endothelial specific glycoprotein vWF. Surface expression of CD31
and KDR was comparable in both CEO cells and HUVECs (CD31 mean+SD: CEO 74.9+21.3 vs. HUVEC 89.3+11.4,
p=0.13; KDR mean+SD: CEO 46.7+31.7 vs. HUVEC 22.2+15.9, p=0.11) whereas CD146 and CD34 expression was
increased in CEO cells compared to HUVECs (CD146 mean+SD: CEO 96+5.3 vs. HUVEC 73.5+30.7, p<0.05; CD34



mean+SD: CEO 80.94+16.92 vs. HUVEC 40.63+18.06, p<0.001). Limited angiogenic potential was observed in CEO
cells with only 4/9 (44%) capable of tubule formation compared to 10/10 (100%) of HUVECs (p=0.01, contingency
tables and fishers exact test). CEO cells that were capable of tubule formation had reduced capacity to form con-
nections compared to HUVECs (meanzSD: CEO 1248, versus HUVEC 63116 connections; p<0.0001).

Conclusion: Viable coronary arterial endothelial cells can be isolated from thrombus extracted during emergency
percutaneous coronary intervention. These cells have a mature endothelial phenotype comparable to control en-
dothelial cells, but have reduced angiogenic potential suggesting they retain the functional characteristics of in situ
endothelium. This novel approach to isolate dysfunctional endothelial cells may have applications in drug screening
and in future studies may provide additional insight into the cellular and molecular basis of endothelial dysfunction
in patients with coronary artery disease.
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IN VIVO AND IN VITRO STUDY OF MIGRATORY CAPABILITY OF HUMAN MESENCHYMAL STROMAL CELLS
TOWARDS HEPATOCELLULAR CARCINOMA AND FIBROSIS.
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Hepatocellular carcinoma (HCC) represents 85% to 90% of liver primary tumors and is the third-leading cause of
cancer-related death in the world. Moreover, the incidence and mortality associated with HCC continues increasing
worldwide. In most cases, HCC is developed in patients with liver cirrhosis; for this reason this condition is con-
sidered a preneoplasic stage. The hepatocarcinogenesis process involves an extensive exchange of signals between
the tumor cells and their microenvironment, which is composed by several cell types, including hepatic stellate
cells. Particulary, several proinflammatory cytokines, chemokines and growth factors, which are produced by tu-
mor and stroma cells, are involved in this crosstalk. It is known that mesenchymal stromal cells (MSC) have the
ability to migrate in response to most of these soluble factors. The aim of this work was to study the in vitro and
in vivo migration capability of MSCs towards HCC in order to use them for delivery of therapeutic genes. For that
purpose, in vitro migration was studied by modified Boyden chamber, observing that MSC displayed a higher mi-
gration towards conditioned medium (CM) derived from fresh human samples of HCC compared with CM derived
from non tumoral tissue. MSCs also showed a high ability to migrate towards CM derived from ex vivo tumors gen-
erated in nude mice by the inoculation of HuUH7 cell lines or a primary culture of HCC (HC-PT-5). We also found an
increased migration to CM derived from liver or tumors derived from animals with liver fibrosis and intrahepatic
tumors, when compared with the CM obtained from healthy mice. In order to evaluate hMSC in vivo migration,
HCC cell line HuH7 was inoculated subcutaneously (s.c.) or intrahepatically (i.h.) in BALB/c nude mice. HuH7 tumors
were also developed by intrahepatic inoculation in animals with subjacent fibrosis, induced by the administration
of thioacetamide (i.h. TAA). Once tumors have developed, CMDil-DiR-labeled hMSCs were intravenously injected
and biodistribution was monitored by fluorescence imaging (Xenogen In Vivo Imaging System). Seven days later,
healthy and tumor bearing mice were sacrificed and MSCs were found in spleen, liver and lungs. Animals with tu-
mors also presented MSCs signal in tumors. Moreover, liver and tumors from i.h. TAA mice showed a stronger signal
compared with the other groups. These results were confirmed by microscopy fluorescence visualization of CMDil+
cells in the isolated organs. Our results indicate that factors produced by HCC and fibrotic liver induce higher hMSC
migration both in vivo and in vitro, compared with lungs and spleen, which showed a lower signal. Taking together,
our results indicates that soluble factors present in the tumor milieu induce the recruitment of MSC to HCC, making
these cells a promising candidate for effective cellular delivery of therapeutic genes, not only against HCC but also
fibrosis.
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BONE MARROW MESENCHYMAL STROMAL CELLS (BM-MSCs) PROMOTE PANCREATIC CANCER GROWTH AND
CLONOGENICITY IN VITRO
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Introduction: Heterotypic interactions between pancreatic

cancer cells (PCCs) and tumor stroma are critical for pancreatic cancer development and progression. MSCs are
multipotent stromal progenitors that may selectively migrate and home to primary and metastatic tumor sites.
Little is known about the contribution of BM-MSCs to pancreatic tumor growth and development. Here, we eval-
uate the paracrine effect of human BM-MSCs on pancreatic tumor growth, apoptosis and clonogenic potential. In
addition, we investigate PCC/BM-MSC interactions

via Sonic Hedgehog (Hh) and canonical Wnt signaling mechanisms. Hh and Wnt signaling are implicated in pancre-
atic cancer growth and

progression.

Methods: PCCs from Mia-Paca-2 (undifferentiated), Panc-1 (poorly differentiated) and BXPC3 (moderately differ-
entiated) cell lines were plated on 0.4 um transwell inserts and co-cultured with hBM-MSCs at 1:1 ratio in basic
medium with 10% FBS for 48-72 hrs. Tumor cells alone and dermal fibroblast (FB) co-cultures were used as con-
trols. Apoptosis was evaluated by DilC1. Cell proliferation was assessed by Click-iT EdU. Clonogenic assays were
performed by culturing 5000 tumor cells in methylcellulose. Experiments were repeated 3 times in triplicate. Hh
and Wnt signaling were evaluated by western blot (WB) and RT-PCR.

Results: BM-MSCs significantly promoted the growth of Mia-Paca-2 enhancing tumor cell proliferation by 37%
(P<0.0001) and reducing

tumor cell apoptosis by 3.4% (P<0.02) versus tumor alone but

showed little or no effect on Panc-1 or BXPC3 cell lines. BM-MSCs promoted Mia-Paca-2 cell cycle entry, increasing
the number of cells in S phase by 32% (P<0.005) compared with tumor cells cultured alone. In addition, BM-MSC
co-cultures significantly enhanced the frequency of Mia-Paca -2 colony forming cells in methylcellulose by 1.6 fold
versus tumor alone. There was little or no difference between tumor cells cultured alone or co-cultured with FB.
The BM-MSC growth promoting effect was associated with increased levels of cyclin E1 and c-Myc proteins in co-
cultured tumor cells as shown by WB. RT-PCR and WB show that BM-MSCs have little or no effect on Hh and Wnt
activity in co-cultured tumor cells versus controls.

Conclusion: Under our experimental conditions, BM-MSCs promoted pancreatic cancer growth, increased tumor
clonogenicity and reduced tumor cell apoptosis in a cell line dependent manner via soluble factors. This growth
promoting effect may have been due to increased cyclin E1 and c-Myc expression in Mia-Paca-2 cells in co-culture
with BM-MSCs but not via the Hh or Wnt signaling pathways which were similarly active, in Mia-Paca-2 alone, or
in co-culture with BM-MSCs. Elucidating the molecular mechanisms by which hBM-MSC support pancreatic tumor
growth and the pathways triggered by pancreatic cancer/stromal interactions may lead to identifying new thera-
peutic targets.
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MESENCHYMAL STROMAL CELLS (MSCS) IN EXPERIMENTAL SEVERE BURN INJURY: IMPROVEMENT OF SURVIVAL,
WOUND HEALING AND MODULATION OF IMMUNE CELLS
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Background: Skin damage by severe burns triggers a cascade of events that cause both local effects and systemic
responses. These responses lead to a complex biological event involving both resident skin cells and leukocyte sub-
sets. In this context, MSCs are good candidates to cell therapy for burns wounds due to their regenerative potential
(differentiation and paracrine effects) and immunomodulatory properties. Aim: Evaluating the therapeutic poten-
tial of xenogeneic MSCs in the treatment of experimental model of severe burn injury. Methods: MSCs were isol-
ated from the bone marrow of FVB GFP+ mice and expanded in vitro in a-MEM plus 15% FCS. Wistar rats were

submitted to experimental burn through the dorsal contact of a brass bar (200°C for 25s). 5x10° MSCs or PBS were
given via intradermal in animals belonging to the treatment group (TG) and the control group (CG), respectively. All
analyses were performed at 7, 15, 30 and 45 days after burn. The wound healing area (day 60) was evaluated by

the software Imagel)®. CD4" and CD8" T cell subsets in the spleen and wound area were evaluated by flow cyto-
metry and neutrophils counts by MPO dosage. Serum levels of IL-10, TGF-B and CINC-1 were examined by ELISA.
Results: TG showed a higher survivor rate (61.54%) than CG (46.67%), p=0.002. Sixty days after injury the wound
healing percentage in TG animals (90.81 * 5.054; n=7) was higher than in the CG (76.11 + 3.457; n=7), p = 0.03.

MSC treatment induced increased serum levels of TGF-B at day 15 (p=0.02), whereas IL-10 (p=0.05) and CINC-1
(p<0.001) on day 30. We observed an alteration of the CD4/CD8 ratio in CG at 7 (p= 0.004) and 15 days (p=0.035)
post-burn, comparing to the TG. We also observed decreased frequency of CD4* T cells at day 7th (p=0.024), 15th

(p=0.031) and 45th post-burned (p=0.008) and decreased frequency of CD8* T cells at day 7th (p=0.02) post burned
(p=0.02), in wound area of TG animals. In this group, we also showed increased neutrophils counts in the damaged

area at day 45t after burn (p=0.016). Conclusion: These results demonstrate the efficiency of MSCs treatment by
improving wound healing and modulating immune cells in severe burns. This evidence may provide the basis for
regenerative therapy with allogeneic MSCs as a prompt and effective therapeutic alternative for major burned pa-
tients with need of immediate care.
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ANTIOXIDATIVE EFFECTS OF KINETIN AND EPIGALLOCATECHIN-3-GALLATE IN HUMAN MESENCHYMAL STEM
CELLS

Yu-Jen Changl, Ji-Ying Leu?, Mei-Ling wul, Ching-Ping Tsengz, Shiaw-Min Hwang1
IFood Industry & Development Inst, Hsinchu, Taiwan, 2Department of Biological Science and Technology, National
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Mesenchymal stem cells (MSCs) are the multipotent stem cells that can give rise to mesenchyme-lineage cells, such
as osteoblasts, adipocytes, chondrocytes and myoblasts. MSCs can be isolated from various tissues and have been
represented as a promising cell source for cell therapy. It is essential to get the large cell numbers and high activity
of MSCs to meet the potential demands for clinical applications. In spite of the strong self-renewal property, MSCs
undergo cellular senescence during expanded cultivation in vitro. It is well-known that the oxidative stress induced
cell aging during lifespan. In this study, we focused on the relationship between cellular oxidative status and cultiv-
ated senescence in bone marrow-derived MSCs (BMMSCs) and cord blood-derived MSCs (CBMSCs). We examined
the cellular oxidative stress by culturing cells with antioxidants, kinetin and epigallocatechin-3-gallate (EGCG). To
understand the effects of antioxidants supplementation on MSCs, the results of growth status, reactive oxygen spe-
cies (ROS) value, and lipid peroxidation were analyzed in BMMSCs and CBMSCs. We found that kinetin and EGCG
treated MSCs expressed similar surface marker profiles with normal culture condition. The results also showed that
the lower oxidative status, the higher catalase activity, and the longer lifespan could be found in kinetin cultiva-
tion than control condition in both types of MSCs. However, there were no obvious differences between MSCs cul-



tures with or without EGCG addition. In differentiation test, the osteogenesis could be enhanced by kinetin and
the adipogenesis could be inhibited by EGCG in both types of MSCs. Moreover, kinetin but not EGCG decreased
the anti-aging marker B-galactosidase in late passage of BMMSCs and CBMSCs. These results indicated that kinetin
could be a useful additive to reduce cell oxidative status during MSCs expansion.
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INTRAVENOUS HUMAN ADIPOSE STEM CELL GRAFTS PROTECT THE BRAIN FROM NEURODEGENERATION,
MOTOR AND COGNITIVE IMPAIRMENTS: BIODISTRIBUTION OF HADSC IN YOUNG AND AGED RATS
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Traumatic brain injury (TBI) survivors exhibit neurological, motor and neurocognitive symptoms from the primary
injury which can become aggravated over time due to secondary cell death. In the present in vivo study, we ex-
amined the beneficial effects of human adipose stem cells (hADSCs) in a controlled cortical impact (CCI) model of
mild TBI using young and aged (20 months) F344 rats.

Young and aged male F344 rats were treated with 4x106 ADSCs (Tx), conditioned media (CM) or control media (M)
at 3 hours post CCl. A separate cohort of animals with the same treatments received DiR-labeled hADSCs. hADSC’s
labeled with DiR were imaged using the IVIS imager at 1, 4, 12, 24, 48, and 72 hrs post-transplant, with organs sep-
arately imaged at the end of the study. At day 0 - 7, post TBI, groups underwent motor tests and at Day 7 cognitive
assessment tests, then at day 11, all groups were euthanized and brain tissues harvested.

Significant amelioration of motor and cognitive functions was revealed in young Tx and CM groups but there was
less improvement in aged rats Tx relative to TBI rats that received the control media treatment (M). Fluorescent
(FL) imaging revealed hADSC’s moved to organs and brain within 1 to 12 hours following TBI. In aged rats decreased
FL was seen in spleen, however higher FL was observed in brain at 12 - 72 hours post TBI. The impact volume in
cortex was found to be significantly reduced in young Tx and CM relative to control treatment. However in aged rats
this effect was decreased and only Tx reduced impact volume. Furthermore, the percentage of intact peri-impact
area in cortex revealed a significant amelioration in both young Tx and CM treated and old Tx and CM rats in com-
pare with control M. In addition, there was a decrease of hippocampal CA3 pyramidal neuron loss in both Tx young
and Tx old rats compared to control M. To further elucidate the mechanism of CM actions, we examined CM from
hADSC'’s grown with antisense RNA to two long noncoding RNA’s (IncRNA) known to play roles in gene expression
and shown to be secreted by our hADSC’s. CM reduced in either NEAT1 or MALAT1 were less effective in preventing
motor behavior loss and did not reduce infarct or peri-infarct lesion size.

Results show that hADSCs is a promising therapeutic intervention to rescue against TBl-induced behavioral and his-
tological impairments with better functional recovery in young animals, likely due to robust migration of the trans-
planted cells to peripheral organs quickly in young animals despite increased stem cell recruitment to the aged
ischemic brain. In addition, IncRNA secreted in exosomes from hADSC'’s are a candidate for mechanism of action of
the hADSC’s to rescue against TBI-induced injury.
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STABILIZATION OF BETA-CATENIN IN MTERT-EXPRESSING DENTAL STEM CELLS RESULTS IN SUPERNUMERARY
TOOTH FORMATION AND ECTOPIC DENTIN FORMATION

Diana L. Carlone, Rebecca D. Riba-Wolman, Dana M. Ambruzs, Samantha Stewart, David T. Breault
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Adult stem cells play an integral role in the regeneration of a variety of tissues including the mouse incisor. We have
recently reported that telomerase (Tert) expression marks self-renewing stem cells in blood, intestine and putative
bone marrow-mesenchymal stem cells. Based on these findings, as well as a recent report of telomerase activity
within putative human dental stem cells, we hypothesized that mTert is a biomarker for stem cells within teeth. To
investigate whether mTert-expressing cells are present in postnatal teeth and function as stem cells in the continu-

al renewal of the mouse incisor, we performed lineage-tracing studies using mTert-rtTA :: oTet-Cre :: R26R flox(mT/

mG)/+ trigenic mice. Our results indicate that mTert-expressing cells in the upper incisor give rise to both amelo-

blasts and odontoblasts indicating that mTert expression separately marks epithelial as well as mesenchymal dental
stem cell populations. Interestingly, in the lower incisor mTert expression marks only mesenchymal stem cells sug-
gesting that discrete stem cell populations exist within each region.

The canonical Wnt/beta-catenin signaling pathway plays an important role in regulating tooth formation and re-
newal such that activation or repression of this pathway results in altered tooth number and location in both
humans and mice. Stabilization of beta-catenin specifically within mTert-expressing cells and their progeny using

doxycycline-inducible mTert-rtTA :: oTet-Cre :: Catnbflox(ex3)/* mice resulted in supernumerary tooth formation at
the apical (incisal) end of the incisor. Interestingly, analysis of the incisor dental papilla from these mice showed ec-
topic dentin formation suggesting that stabilization of beta-catenin within mesenchymal-derived mTert+ cells pro-
motes odontoblast differentiation. Finally, preliminary observations indicate these mice also exhibit premature su-
ture fusion and altered calvarial bone formation suggesting mTert-expressing cells may play a more global role in
craniofacial tissue function/maintenance. Additional studies are currently underway to determine the role of PTEN
in regulating Wnt signaling and tooth stem cell function. Supported by the National Institute of Dental and Craniofa-
cial Research (1R21DE022420-01A1) awarded to DLC.
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VALIDATION OF IN VIVO TUMORIGENICITY TEST FOR THE PROCESS CONTROL OF CELL/TISSUE-ENGINEERED
PRODUCTS USING SEVERE IMMUNODEFICIENT NOG MICE
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Contamination of tumorigenic cells is one of the major concerns in manufacturing process of cell/tissue-engineered
products. However, no quantitative evaluation method for tumorigenicity of cell/tissue-engineered products has

been established Utilizing of severe immunodeficient mouse strains such as NOD/Shi-scid IL2Rg”“” (NOG) mice, as
xenogenic hosts for tumorigenicity testing to detect a trace amount of tumorigenic cells in products, is worthy of
attention. NOG mice have shown highly engraftment potential as compared with conventional immunodeficient
mouse strains, such as nude mouse and NOD/scid mouse, which are recommended as rodent xenotransplantation
models to assess tumourigenicity of mammalian cells as substrates for the manufacture of biological medicinal
products in WHO Technical Report Series, No. 878.. Based on such evaluations, we will be able to assess the cap-
ability and the extent of the coverage of the tumorigenicity test. In the present study, to evaluate the sensitivity of
the tumorigenicity test using NOG mice, we examined tumor formation of xenotransplanted Hela cells in NOG (T,
B, and NK cell-defective) and the traditionally used nude (T cell-defective) mice. The tumorigenicity of Hela cells in
both immunodeficient mouse strains was evaluated by measuring some parameters that represent the tumorigenic
phenotype: tumor-forming capacity, tumor latency and tumor size for 16 weeks. Tumor-forming capacity is defined
by quantitative, dose-response, tumorigenicity assays that yield the log10 50% tumor-producing dose (TPDsg) as
endpoint values, which represent the limiting or threshold dose of cells that form tumors in 50% of the animals.

NOG mice are highly susceptible to tumor induction by Hela cells (TPDsg = 4.1 [approximately 1.3 x 10% cells]). In

contrast, nude mice showed ~33-fold less tumorigenicity (TPDsg = 5.6 [approximately 4.2 x 10° cells]) of Hela cells



compared with NOG mice. NOG mice inoculated with Hela cells suspended in Matrigel, a basement membrane-
like extracellular matrix extract, showed ~5400-fold higher tumorigenicity (TPDsg = 1.9 [approximately 80 cells]) of
Hela cells, compared with nude mice. Next, we applied this method to the validation of the sensitivity of tumori-
genic cells contaminated in normal human cells (human mesenchymal stem cells (hMSC)). NOG mice were inocu-

lated with Hela cells (O, 101, 102, 103, 104 cells) serially diluted in Matrigel with hMSC (106 cells), leading to the
TPDsg value comparable to that in NOG mice inoculated Hela cells only. These results indicate that the combination
of NOG mice and Matrigel can detect tumorigenic cells with extremely high sensitivity and suggest the usefulness
of NOG mice for in vivo tumorigenicity test.

Technologies for Stem Cell Research
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GENERATION OF INDUCED PLURIPOTENT STEM CELLS FROM HUMAN CIRCULATING MULTIPOTENT STEM CELLS

Han-Mo Yang, Ju-Young Kim, Joo Eun Lee, Hyun-Jae Cho, Yoo-Wook Kwon, Jin Hur, Sang Eun Lee, Sahmin Lee, Jung-
Kyu Han, Chang-Hwan Yoon, Young-Bae Park, Hyo-Soo Kim
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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 cul-
ture and those cells gradually formed colonies. We were able to isolate these cells with very high efficiency. Fur-
thermore, 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 trans-
duction 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 40
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.
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ENGINEERED HUMAN EMBRYONIC STEM CELLS FOR INDUCIBLE GENE EXPRESSION
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Human embryonic stem cells (hESCs) and induced pluripotent stem cells (hiPSCs) hold great promise for biomedi-
cine. They provide an unlimited source of cells to model not only early human development but also various hu-
man diseases. They can be differentiated with varying efficiencies to various mature cell types for the development
of disease biomarkers and novel therapeutic strategies. However, the lack of genetic tools similar to those proven
useful in dissecting out the complexities of mouse development and differentiation has hampered the realization
of the full potential of hESC/hiPSC technology.



In order to develop tools for hESC/iPSC research, we generated hESC lines for inducible transgene expression. We
engineered the human H9 ESC line (also known as WAQ9; NIH registration number 0062) to express M2rtTA con-
stitutively from the human ROSA26 locus on chromosome 3 using transcription activator-like effector nuclease
(TALEN) pair to target the human ROSA26 locus between exon 1 and exon 2 with a donor plasmid. This donor plas-
mid comprised a splice acceptor - M2rtTA - poly adenylation (pA) cassette that is followed by an FRT-flanked phos-
phoglycerine kinase (PGK) promoter driving hygromycin resistance - pA cassette to facilitate the selection of clones
and to allow its subsequent removal in correctly targeted clones. Targeting efficiency using this specific TALEN pair
was 86%. Expression and functionality of M2rTA was ensured by infecting the targeted H9 cells with FUWtetO-
mOrange lentiviral particles that carry a Doxycycline (Dox)-inducible TetO promoter driving mOrange expression.
As expected, all correctly targeted clones showed mOrange expression after Dox-induction (1.5 pg/mL) for 2 days,
while mOrange expression was not observed in an incorrectly targeted clone. However, co-infection with FUWtetO-
mOrange and FUW-M2rtTA, which confers expression of M2rtTA via the constitutively expressed Ubiquitin C pro-
moter, induced strong mOrange expression after Dox-addition even in this incorrectly targeted line. Ongoing ex-
periments are focusing on investigating the titratability of induction and the ability to induce transgene expression
in differentiated cells. In addition, we are targeting the human AAVS1 locus with a cassette that will enable Cre-
recombination mediated cassette exchange to place any gene or combination of genes under the control of the
Dox-inducible TRE promoter.

This cell line will allow us to study the effect of inducible transgene expression and/or knockdown of various genes
during human development and differentiation, thus providing a valuable resource for the stem cell community.
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AUTOMATED ANALYSIS AND SORTING OF HUMAN iPS CELL CLUSTERS BY LARGE PARTICLE FLOW CYTOMETRY
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The generation of induced pluripotent stem cells (iPS cells) from somatic cells is one of the most dynamic fields
in biomedicine. iPS cells show appealing promises for disease modeling, pharmacological screening and eventually
cell replacement therapy. Yet, to fully take advantage of iPS cell technology several bottlenecks need to be over-
come: Traditionally, biotechnology procedures aim at producing one product in large quantities, but iPS cell tech-
nology requires the simultaneous production of several hundreds or even thousands of individual iPS cell clones.
This is particularly important when it comes to the identification of iPS cell clones, which harbor the disease-spe-
cific mutations.

Frequently, standard procedures for iPS cell production are based on manual processing, such as picking of iPS cells
and/or clusters. Further approaches use immunomagnetic beads and column-based selection of single cells, which
however results in loss of iPS cell clonality. Thus, there is clearly the need to develop procedures and protocols for
fully automatic isolation and simultaneous processing of a large number of individual iPS cell clones.

The StemCellFactory project (www.stemcellfactory.de) aims to fully automate by robotics (i) the generation of hu-
man iPS cell lines and (ii) their differentiation into cardiomyocytes and neuronal cells. Here we evaluated large
particle flow cytometry technology (BioSorter, Union Biometrica) for iPS cell isolation, including multiparametric
guality assessment of isolated cells. The large particle flow cytometry instrument is capable of sorting cells and cell
clusters ranging from 2-1500 micrometer. The fluid pressures of the instrument (up to 6 psi) are significantly lower
than those of traditional flow cytometers, which results in cells/cell clusters being exposed to much lower shearing
forces than during conventional single cell flow cytometry.

Human iPS cells were established with Oct4, Sox2, c-Myc and KIf4 reprogramming factors in Sendai virus vectors on
feeder layer. iPS cell colonies were stained with the FITC-labeled pluripotency marker TRA-1-60, collagenase treated
and cell clusters were subjected to sorting by flow cytometry with the BioSorter device. Cell clusters were sorted



according to size and TRA-1-60 expression and multiple parameters were assessed, and individual cell clusters were
deposited in 96 well format. The analysis was fast and dispensing to wells of multiwell plates was fully automated,
taking about 20 min for a 96 well plate. Sorted cells were efficiently expanded over several passages as clonal iPS
cell lines and evaluated by morphology, expression of pluripotency markers and their growth and differentiation
potential. This establishes Biometria’s large particle Biosorter flow cytometer as a versatile device for analysis and
sorting of primary iPS cell colonies.

The authors for the StemCellFactory Consortium (www.stemcellfactory.de).
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METALLIC NANOPARTICLES AS LABELS FOR MESENCHYMAL STEM CELLS: EVALUATION OF BIOCOMPATIBILITY.
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Recently, labeling and subsequent tracking of stem cells in vivo has risen as a non-invasive alternative technique
that answers the best site of inoculation of the cells for a given condition, their pattern of distribution within the
organism and how effectively they migrate towards pathologically affected sites. Some examples of materials com-
monly used as markers are metallic nanoparticles, such as gold and iron oxide nanoparticles. Considering that
metallic nanoparticles can be toxic or compromise the physiology / metabolism of receptor cells, it becomes im-
portant to conduct preliminary studies of biocompatibility before marking and tracking stem cells in vivo. Thus, our
study aimed to test the biocompatibility between gold and iron oxide nanoparticles and human mesenchymal stem
cells (hMSCs), by evaluating the amount of cells that remain viable after exposure to different concentrations of the
markers: iron oxide nanoparticles were diluted in DMEM low glucose (supplemented with 10% of fetal bovine ser-
um) at 0,015; 0,03; 0,06 and 0,08 mg/mL, whereas gold nanoparticles were diluted at 0,001; 0,0025 and 0,008 mg/
ml in the same medium. The hMSCs were incubated with those solutions during 02, 06 and 24 hours. Then, firstly,
the MTT (3-(4, 5-dimethylthiazol-2-yl) 2, 5-diphenyl tetrazolium bromide) cleavage assay was performed to verify
changes in the mitochondrial activity of cells. Secondly, to draw a parallel between cellular membrane integrity and
the amount of tracer incorporated, “Trypan blue method” and “Prussian blue method” were performed. Ultim-
ately, was made a light microscopy analysis of morphology of hMSCs exposed to the nanoparticles, after 02 and 24
hours, in order to verify signs of apoptosis. The association of the gold nanoparticles with the hMSCs was verified
by confocal microscopy while iron oxide nanoparticles, by Prussian blue staining. Our MTT results showed that at
least 96% of the cells remained viable even on the higher concentrations of iron oxide tested; whereas the gold
nanoparticles also were not toxic: more than 94% of hMSCs remained viable. The same were observed in Trypan
blue results: 91% of hMSCs exposed to Iron Oxide remained alive while 96% of cells exposed to gold nanoparticles
survived. The morphology of hMSCs remained unchanged regardless of the concentration of nanoparticles and the
exposure time, furthermore typical features of apoptosis were not observed. Further studies about the effects of
these metallic nanoparticles between on MSCs will be performed, such as electron microscopy analysis, cell differ-
entiation tests and cell proliferation assays, in order to characterize those materials for their use as label to track
MSCs.
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USING ISOGENIC PLURIPOTENT STEM CELL DERIVED MOTOR NEURONS AS A MODEL FOR AMYOTROPHIC
LATERAL SCLEROSIS.

Jackson Sandoe, Luis Williams
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Amyotrophic lateral sclerosis (ALS) is the most common late-onset motor neuron disease and is characterized by
the selective degeneration of cortical and spinal motor neurons. A majority of ALS cases are idiopathic however
10% are familial in nature. Of the familial cases, approximately 20% are due to dominant mutations in SUPER OXIDE
DISMUTASE 1 (SOD1). We set out to use stem cell technology as a tool for modeling familial SOD1 ALS in vitro.



Because of documented variability amongst pluripotent cell lines, we used nuclease mediated gene targeting to
either introduce an SOD1 A4V-encoding mutation in control human embryonic stem (hES) cells or correct the same
endogenous mutation in ALS patient induced pluripotent stem (iPS) cells. We show correct expression of the SOD1
locus in both pluripotent stem cells and motor neurons after gene targeting. A prominent feature of familial SOD1
ALS is the formation of detergent-insoluble SOD1 aggregates. Using motor neurons derived from the isogenic pluri-
potent cell lines we show the presence of insoluble SOD1 segregating solely with the SOD1 A4V-encoding mutation
under conditions of proteasome inhibition. We further investigate other common pathologies of ALS including mo-
tor neuron survival and neurite morphology. Our results demonstrate that isogenic pluripotent cell lines provide a
valuable resource for ALS disease modeling.
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LAMININ-521 IS THE OPTIMAL CHOICE FOR PLURIPOTENT CELL CULTURE SINCE IT ENABLES EASY AND RELIABLE
SINGLE-CELL PASSAGING OF HES AND IPS CELLS WITHOUT ARTIFICIAL INHIBITORS

Jesper Ericsson, Yi Sun, Kristian Tryggvason
BioLamina, Sundbyberg, Sweden

Laminins are a group of 16 protein isoforms found in the basement membrane in the extracellular matrix. The nat-
ural environment for all stationary cells in the body consists of other similar cells and the basement membrane.
Laminins are the only tissue-specific proteins in the basement membrane and therefore one critical factor that dif-
ferentiates one niche from another.

Laminin-521 is one of the first extracellular matrix proteins already expressed by the cells of the inner cell mass in
the blastocyst. Our data shows that when using Laminin-521 to create a niche on cell culture plates, pluripotent
hES and iPS cells can be grown indefinitely in a pluripotent state. This is the first xeno-free, defined and biologically
relevant matrix that truly supports hES or iPS cells in a robust way in cell culture.

Laminin-521 also has growth factor like properties and human ES and iPS cells cultured on Laminin-521 grow twice
as fast compared to all other tested matrices. Also due to the biological properties of Laminin-521, stem cells cul-
tured on Laminin-521 can be split 1:20 or up to 1:30 as single cells without the addition of artificial ROCK inhibitor,
which can push genetical variations to cell populations.

In conclusion, we show that Laminin-521 is an optimal matrix for hES and iPS cell culture due its biological relevance
that allows long-term pluripotent cell growth with single cell passaging without any artificial inhibitors that may
modify the cell population.
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NEW STRATEGY FOR TRACING IMPLANTED STEM CELLS IN VIVO
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Stem cells gives potential opportunity for tissue repair and organ transplantation. For tissue repair, the cells are
delivered into the body either locally or systemically. Visualizing these cells in vivo is thus critical for monitoring its
existence and function.

Iron oxide nanopartitles have been used widely for tracing stem cells under magnetic resonance imaging (MRI).
Stem cells must ingest plenty amount of nanoparticles for being visualized in MRI. Some critics upon alteration of
cell function and behavior has been published. The real existence of the cells has also been challenged since the



cell releases its nanoparticles once if the cell dies. We developed another strategy for monitoring the live stem cells
with genetic engineering technique to let these cells shine in MRI.

The following studies are done in vitro and has been proved by the biosafety committee. We use human mesen-
chymal stem cells from bone marrow and transfect these cells with one novel gene that can capture gadolinium
based MR contrast agent. The transfection is inert to cell behavior. The differentiation function is preserved after
transfected cell exposed to MR contrast agent. We can observe bright signal that originates from the uptake of gad-
olinium chelates into the cells. These cells has the ability to transport these gadolinium chelates into extracellular
space.

We conclude that transfection of gene that regulates gadolinium chelates is an efficient and practical tool that
can be used for cell trafficking. Future animal study is essential for comparison with nanoparticle based trafficking
methods.
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DEVELOPMENT OF HIGH QUALITY cGMP-GRADE HUMAN STEM CELLS FOR HUMAN DISEASE AND
TRANSLATIONAL RESEARCH

Shayne Boucherl, Alex Kharaziz, Nikolai Tankovichz, Soojung Shinl, David Kuningerl, Mohan Vemuril

1Primary & Stem Cell Systems, Life Technologies, Frederick, MD, United States, 2stemedica Cell Technologies, San
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Quality and functionality of adult stem cells used in human disease research vary considerably due to non-stand-
ardized cell derivation protocols. Considerable variance exists with donor source, tissue processing, primary cul-
tivation, and potency, and can generate results that are difficult to replicate and lead to inconclusive findings. To
address this issue, we tested various approaches to optimize production of consistent lots of highly purified, rap-
idly expanding primitive adult stem cells under cGMP conditions that can be utilized as a cell standard or in disease
research.

As hypoxia appeared to be beneficial for hMSC cultures (Ma et al 2009; Das et al 2010; Basciano et al 2011), we
compared hMSC expanded under normoxic (20% O3) and hypoxic (5% O3z) conditions. At Passage 2 and 4, hMSC
yielded 2 fold and 1.5 fold increase in cell number when cultured under hypoxic condition as compared to normox-
ic condition. We also observed 1.7 fold increase in the number of colonies in CFU-F assays when cultured under
hypoxic condition. Further expansion was realized when we incorporated media components with good lot-to-lot
consistency and high unit activity.

Hypoxic hMSC should meet minimal criteria for multipotent MSC (Dominici et al 2006). Therefore, we analyzed
hypoxic hMSC by flow cytometry for evidence of >95% MSC surface markers (CD73, CD90, CD105, CD166), <5%
non-MSC surface markers (CD14, CD19, CD34, CD45), and <5% MHC class Il marker (HLA-DR). At all passages, the
hMSC exceeded minimal criteria. Differentiation studies confirmed ability of hypoxic hMSC to generate adipogenic,
osteogenic and chondrogenic lineage cell types. In addition, a karyotype analysis was performed and no gross ab-
normalities were observed.

Since there is considerable interest in reparative capacity of hMSC, we performed a cytokine profile on normoxic
and hypoxic hMSC. For angiogenic factor VEGF and chemoattractive factor SDF-1, we observed a significant in-
crease under hypoxic condition versus normoxic condition (VEGF: 9.17+0.67 vs 7.67+0.86 ng/millCells/24 hours;
SDF-1:12.2+41.01 vs 9.2+1.27 ng/millCells/24 hours). These increases suggest that hypoxia endows hMSC with an-
giogenic- and migratory-inducing properties.

By employing an optimized cultivation and potency testing protocol during scale up expansion, we can start with
2 million cells from a Passage 2 master bank and yield 1.5 billion cells at Passage 4. This translates into a working
bank size of 100 vials of 1.5e7 viable cells/vial within 14 days. We have established consistency of this system over
forty lots of Passage 4 cells.

We have demonstrated the expansion of adult stem cells at larger scale following optimized standardized protocols
without losing their intrinsic stem cell nature. With this source of well-characterized, consistent and potent adult
stem cells, investigators can make meaningful comparisons in their disease research studies, drug screening assays,



and design of effective cell-based therapies. These cells are now being used or will be used in Phase I/l clinical tri-
als (ClinicalTrial.gov ID NCT01297413, NCT01770613, NCT0177167). Similar scale up approaches are being applied
to human neural stem cells and human retinal pigment cells for the research and treatment of neurologic and oph-
thalmic disorders.
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ENHANCED HOMING OF MESENCHYMAL STEM CELLS TO BRAIN TUMORS
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Quifiones-Hinojosa3, Andre Levchenkol
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Introduction: Brain cancer is a devastating ailment, leading to more than 1,300 deaths in the United States each
year. Glioblastoma (GB) is the most common and aggressive type of primary brain cancer in adults. Despite the use
of standard treatments, such as radiation, chemotherapy, and surgical resection, GB displays characteristic recur-
rence, followed by swift fatality within two years. In the search for more effective therapies, recent studies have
specifically targeted multipotent adult mesenchymal stem cells (MSCs) to brain tumor (glioma) microenvironments.
MSCs have obtained significant interest as drug delivery tools due to their intrinsic tropism for tumors in vivo.
The ability of MSCs to breach the blood brain barrier (BBB) provides the unique potential to treat brain disorders,
namely brain cancer. Despite these advantages, the efficiency of MSC homing to the brain has been limited, hinder-
ing the feasibility of such therapies. We hypothesize that modulation of MSCs can enhance their delivery to the
brain.

Methods: Our studies employ commercial and primary-cultured human adipose-derived mesenchymal stem cells
(hAMSCs), which benefit from less invasive isolation than bone marrow-derived cells. Utilizing novel micro- and
nanotechnology, e.g. microfluidics and patterned cell substrates, we developed intricate in vitro models to analyze
the multi-step process by which hAMSCs reach tumors. Our experiments have specifically investigated the putative
MSC homing steps of firm adhesion, transendothelial invasion, migration, and chemotaxis. We analyzed effects on
these processes by soluble factors in glioma-conditioned medium (GCM), and by the extracellular matrix (ECM)
proteins, fibronectin and laminin. Finally, we examined the effects of these factors on homing in vivo using ortho-
topic animal models of human glioma.

Results: Through exposure of hAMSCs to soluble and immobilized proteins, we have observed enhanced homing
in vitro. hAMSC adherence to blood vessel endothelium, measured by numbers of flowing cells that attach to en-
dothelial monolayers, is improved following pre-exposure to GCM and fibronectin (p<0.05). After this precondi-
tioning, hAMSCs also demonstrate enhanced transendothelial invasion towards GCM through a model of the BBB
(p<0.05). Other results show enhanced migration (measured by speed, alignment, and persistence) of hAMSCs pre-
exposed to GCM and laminin (p<0.05). In addition, hAMSC chemotaxis towards GCM gradients intensifies follow-
ing GCM preconditioning (p<0.05). Combining these treatment techniques in vitro induced enhancements in all of
the homing steps described above (p<0.05). Preliminary in vivo results suggest increased localization of hAMSCs to
glioma xenografts in mice, following combined pretreatment techniques, and subsequent injection into the blood-
stream.

Conclusions: Our results demonstrate that specialized culturing methods can enhance specific elements of the MSC
homing process, which may lead to in vivo applications. This approach mirrors previous reports that have improved
engraftment to other target tissues, e.g. the heart. Uncovering methods to improve tissue-specific MSC localization
could revolutionize drug delivery for various diseases.
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HIGH THROUGHPUT PRODUCTION OF HUMAN MESENCHYMAL STEM CELL SPHEROIDS WITH CONTROLLABLE
MICROENVIRONMENT VIA DOUBLE-EMULSION BASED DROPLET MICROFLUIDICS
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Multicelluar spheroids play an important role in stem cell research as they better recapitulate three-dimensional
tissue than conventional monolayer culture in enabling greater cell-cell and cell-matrix interactions. Moreover, exo-
genous substrates and growth factors also contribute to directing stem cell behavior. As such, there is an interest for
high-throughput generation of stem cell spheroids along with fine tuning of their differentiation potential via con-
trolling exogenous substrate and growth factors supplied, which can be achieved in microfluidics system. This study
reports the application of microfluidics-generated double-emulsion (DE) droplets, with a configuration of water-in-
oil-in-water, as a picoliter-sized bioreactor for rapid cell aggregation and control of microenvironment for spheroids
culture. Human mesenchymal stem cells (hMSC) assembled to form single aggregate in the droplets within two
hours and could be subsequently released with over 95% viability. The size of hMSC spheroids could be controlled
by varying the input cell density. Precursor gel solution can be adopted as the inner phase to produce spheroid-en-
capsulated microgels after spheroid formation. The selectively permeability of the oil layer retains growth factors
within the droplets, which can subsequently be encapsulated in the microgels for controlled release. The encap-
sulation of hMSC spheroids in alginate and alginate-RGD hydrogel has been demonstrated to facilitate hMSC dif-
ferentiation towards various lineages. In summary, the technology facilitates high-throughput production (20Hz) of
hMSC spheroids with minimal reagent input including gel solution and growth factors in picoliter-sized DE droplets
for fine tuning of microenvironment. The compatibility of this technology with different hydrogels system renders
it attractive for screening optimal microenvironmental conditions to advance stem cell tissue engineering.
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A SERUM-FREE, XENO-FREE, DEFINED MEDIUM FOR EFFICIENT EXPANSION OF HMSCS ON A SYNTHETIC SURFACE

Paula Dolley-Sonneville, Lori Romeo, Zara Melkoumian
Corning Incorporated, Corning, NY, United States

There is a great interest in application of human mesenchymal stem cells (hMSCs) in cell therapy and tissue en-
gineering due to their properties of self-renewal, multipotency, immunomodulation, and trophic potential. One of
the challenges faced in the clinical application of hMSCs is the need for efficient in vitro expansion of these cells
without altering their properties.

Traditionally, hMSCs are cultured in vitro on tissue culture treated (TCT) plastic in culture medium supplemented
with fetal bovine serum (FBS). Due to the undefined nature of FBS, there is variability in hMSC cultures, as well as
risk for pathogen contamination, a major safety concern for clinical applications.

To address these concerns, several chemically-defined, serum-free media have been developed and commer-
cialized. However, most of these media require pre-coating of culture vessels with biological substrates, such as
fibronectin, to enable hMSC adhesion in serum-free conditions. Coating of culture vessels with biological substrates
is challenging and labor intensive for large scale cell production and can also contribute to variability in cell per-
formance.

This study describes a novel serum-free, xeno-free, defined medium, Corning® stemgro® hMSC medium, for h(MSC
culture. Stemgro hMSC medium enables efficient attachment and expansion of hMSCs without the need for biolo-
gical coating of culture vessels. Cell performance (cell number, viability, population doublings, immunophenotype,
and multipotency) in stemgro hMSC medium was compared to cells cultured in traditional 10% FBS medium. Our
results show significantly higher yield (>100 fold) of human bone marrow derived MSCs (hBMSCs) when cultured
in stemgro hMSC medium compared to 10% FBS. Importantly, hBMSC expanded in stemgro hMSC medium for >5
serial passages retained stable doubling time, typical elongated spindle-like morphology, surface markers profile,
normal karyotype, and multipotency.

We believe stemgro hMSC medium in combination with the synthetic surface (Corning® CellBIND® Surface) provides
a complete serum-free, xeno-free, defined culture environment for efficient expansion of high quality hMSCs for
both research and therapeutic applications.
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EXPANSION OF ADULT BONE MARROW-DERIVED MESENCHYMAL STEM CELLS IN THE QUANTUM SYSTEM
PRODUCES THERAPEUTIC DOSES UNDER HYPOXIC CONDITIONS

Boah Vang, Brian Nankervis, Kim Nguyen
Terumo BCT, Lakewood, CO, United States

The large numbers of ex vivo expanded cells that are required in many clinical cell therapy protocols (>100 million
per patient) make standard culture conditions problematic and expensive, resulting from the need for extensive
personnel and facility resources and the high potential for contamination. To meet such clinical demand, a robust,
automated and closed cell expansion method is optimal. The Quantum Cell Expansion System (Quantum System)
is a functionally closed, automated hollow fiber bioreactor system designed to reproducibly grow adherent cells
in either Good Manufacturing Practice (GMP) or research laboratory environments. The Quantum System has suc-
cessfully been used for the ex vivo expansion of clinical-scale quantities of adult bone marrow-derived mesen-
chymal stem cells (MSC) under normoxic conditions.

This study was a proof-of-concept that MSC may be ex cultured on the Quantum System using different coating
reagents [fibronectin (FN, BD Biosciences) and cryoprecipitate (CPPT, Bonfils)] in a hypoxic environment of 5% O3,
20% CO3, and balance Nj. Three different donors were expanded for multiple passages. Bioreactor coating with FN
or CPPT, cell loading, attachment, feeding, and harvest followed standard Terumo BCT protocols developed for the
culture of MSC. Gas concentrations in the closed-loop perfusion system was carefully monitored and characterized.
Experimental results demonstrate that therapeutic doses of MSC can be achieved under hypoxic conditions in the
Quantum System while maintaining phenotypic characteristics of MSC by flow cytometry, morphology, and tri-lin-
eage differentiation as defined by ISCT.
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GENERATING OPTIMAL PSEUDOURIDINE AND 5-METHYLCYTIDINE MODIFIED MESSENGER RNAS FOR IPSC
REPROGRAMMING
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Recently, there has been significant interest in messenger RNA (mRNA) for gene therapy applications as well as for
the generation and manipulation of stem cells. Several groups have shown that mRNAs are attractive vehicles for
therapeutic gene expression in mammals. Additionally, Warren et al. demonstrated highly efficient induced pluri-
potent stem cell (iPSCs) generation by transfection of mMRNAs encoding reprogramming factors. mRNAs have no risk
of insertional mutagenesis and subsequent oncogenesis. Thus, the authors suggested that iPSCs generated using
MRNA should be safer than iPSCs derived by plasmid transfection or viral transduction.

A key insight regarding mRNA expression systems was the recognition that mRNAs induce innate immune re-
sponses in transfected cells. Kariko et al. showed that substitution of uridine and cytidine residues with pseudour-
idine and 5-methlycytidine dramatically reduced innate immune recognition of mRNA and pseudouridine modified
RNA was translated more efficiently and had increased nuclease resistance.

These studies highlight the importance of development of stable, non immunogenic mRNA to support these applic-
ations. In this current study, we synthesized capped pseudouridine and 5-methlycytidine modified mRNAs express-
ing KIf4, c-Myc, Sox2, Lin28, Oct4, Luciferase and GFP at 10 mg scales. Fluorescence activated cell sorting (FACS)
demonstrated >95% transfection in HEK-293 cells. Expression in BJ fibroblasts, MRC-5 fibroblasts, human CEM T-
cells and CD34+ hematopoietic stem cells was also achieved. Transfected mRNAs showed a surprising long duration



of expression (up to 8 days post-transfection). We compare the transfection efficiency and toxicity associated with
14 days of repeated transfection of fibroblasts using several transfection reagents and find high transfection effi-
ciency and low toxicity with TransIT®-mRNA (Mirus Bio). Repeated transfection with KIf4, c-Myc, Sox2, Lin28 and
Oct4 produced robust stem cell colonies. Similar methodologies are applicable to the generation of differentiation
factor mRNAs to drive iPSCs down different lineages.

Gene therapy applications of mRNA will require scalable purification methods that are able to produce mRNAs
at gram scales. Recently, it was shown that purification of mRNA by HPLC dramatically reduced innate immune
responses relative to unpurified mRNA. Here we compare mRNA purified by classical silica membrane chromato-
graphy to HPLC purified materials. HPLC reveals that in vitro transcribed mRNAs may contain complex mixtures of
subspecies.
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AN OXYGEN GRADIENT LANDSCAPE GENERATED IN A MICROFLUIDIC DEVICE DEMONSTRATES CROSSTALK
BETWEEN NORMOXIC AND HYPOXIC STEM CELLS
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Tissue ischemia is characterized by gradients in the level of oxygen ranging from extreme hypoxia at the primary
site of injury to reduced ischemia and even normoxia at the edges or penumbrae. Tissue hypoxia is the primary
physiological stimulus for angiogenesis. Homogenous hypoxia is known to increase secretion of pro-angiogenic vas-
cular endothelial growth factor (VEGF) expression in human mesenchymal stem cells (MSCs) which can activate
angiogenesis in endothelial cells. Here using a novel microfluidic device in which oxygen gradients could be finely
tuned to simulate varying levels of tissue ischemia, we addressed the question whether paracrine crosstalk occurs
between cells exposed to varying oxygen levels by studying close proximity interactions between normoxic and
hypoxic cells.

Our cell culture platform with precise control of oxygen gradients allows different oxygen levels to be selectively
applied to cell types in a co-culture (e.g. one cell type can be hypoxic while the other is normoxic), while permitting
paracrine interactions between the distinct cell types via shared cell culture media. The gas-permeable cell culture
platform was designed as an integrated, multilayered device. Validation of the oxygen profile of the gradient was
performed using a fluorescent oxygen sensor. Production of pro-angiogenic vascular endothelial growth factor
(VEGF) was used as a readout to determine whether normoxic cells influence nearby hypoxic cells. Immunofluores-
cent staining and quantitative PCR were used to assess alterations in gene expression in an oxygen gradient versus
homogenous oxygen levels. An oxygen-dependent-domain green fluorescent protein construct enabled real-time
monitoring of Hypoxia Inducible Factor (HIF) expression.

We observed that hypoxia-induced upregulation of VEGF in MSCs was suppressed by close-proximity normoxic
MSCs. Also in co-cultures of hypoxic MSCs and normoxic microvascular endothelial cells (MVECs), normoxic en-
dothelial cells prevented VEGF expression. Importantly, hypoxic upregulation of the glucose transporter (Glutl) ex-
pression, a HIF-induced gene, in MSCs was not affected by the normoxic cells. The abrogation of the response in the
hypoxic cells was, therefore, not the result of inhibition of a HIF response. Thus, neighboring normoxic cells sup-
press cellular hypoxia-induced VEGF expression in MSCs via the release of transmissible factors. These findings sug-
gest the ability of MSCs in ischemic tissue to promote endothelial cell proliferation and tissue regeneration through
VEGF generation is dictated by the release of paracrine factors by the nearby normoxic MSCs. In this sense, the
oxygen landscape into which MSCs are transplanted is likely to be a key determinant of their regenerative function.
Our microfluidic cell culture platform can be leveraged to study paracrine interactions across an oxygen gradient.
Our ongoing experiments are now applying this technology to study hypoxic responses of embryonic and induced
pluripotent stem cells in an oxygen landscape.
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MICRORNA PROFILING AS A QUALITY SIGNATURE FOR CELLULAR THERAPIES

Vincent O'Brien, Daria Olijnyk, David Mallinson, Sarah Paterson, Susan Ridha
Sistemic Ltd, Glasgow, United Kingdom

Stem cells derived from embryonic or adult tissue and from reprogrammed somatic (iPS) cells have significant
promise for regenerative medicine. However, despite similarities in developmental potential, several groups have
found fundamental differences between stem cell lines that could impact on the potency and/or safety of the res-
ultant cell populations but which were not predicted using current monitoring procedures based on flow cytometry
and analysis of panels of mRNAs. There is a requirement for reliable tools to monitor cell populations during the
processes of stem cell line development, directed differentiation and scale-up to safe, therapeutically-useful cell
populations. MicroRNA (miRNA) profiling is proving highly informative for cell characterisation and cell therapy de-
velopers are now exploring using miRNA profiling for product characterisation. Using a variety of miRNAome dis-
covery technology platforms combined with subsequent verification and validation using alternative technologies,
Sistemic has developed a novel, reliable, generic monitoring tool (SistemQC™ ) that provides both a robust indic-
ation of cell identity, homogeneity and potency as well as providing insights into the underlying changes in gene
expression associated with observed biological phenotypes. SistemQC™, utilises a combination of microRNA ex-
pression profiling and customised, multi-layered data analysis to provide a simple, robust and cost-effective tool to
monitor the maintenance of pluripotency in stem cell lines across passage, the staging of directed differentiation
from embryonic, iPS or direct reprogramming strategies and, post scale-up, an assessment of functional attributes
and safety profile of the cells. Data will be presented to support these applications.
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MEDIUM-THROUGHPUT MICRORNA SCREENS FOR THE IDENTIFICATION OF MOLECULAR TARGETS AND
MECHANISMS LINKED TO HUMAN PLACENTA-DERIVED ADHERENT CELL HEALTH
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Background: MicroRNAs (miRs) are small, non-coding RNA molecules that regulate gene expression at the level of
translation. The binding of miRs to complementary regions in the 3’ untranslated regions of their target mRNAs res-
ults in translational interference or transcript degradation. A striking feature of miRs is the ability of single miRs to
target multiple genes and pathways, with the potential to affect numerous biological functions or responses. Herein
we describe a medium-throughput human miR- mimic library screen (1,090 miRs), and subsequent bioinformatics
analysis, to identify the molecular targets and mechanisms linked to Placenta-derived adherent cells (PDAC) re-
sponses to cellular stress conditions.

Methods: Cell health was deliberately perturbed by overnight incubation of PDAC with 100% normal rat serum and
apoptosis was monitored by measuring caspase 3/7 activity.

For primary screening, PDAC were transfected with the Ambion Pre-miR Mimic Library (miRBase v15) for 24 hours
prior to overnight exposure to 100% normal rat serum. PDAC were stained with Hoechst 33342 and imaged using
an InCell Analyzer 2000 (GE) to enumerate nuclei and cells, followed by staining with Caspase-Glo 3/7 to assess cas-
pase 3/7 activity/cell. Hits were defined as miRs that significantly lowered PDAC caspase 3/7 activity/cell vs. either
of the Ambion negative controls (p<0.05, Student’s t-Test).

Secondary confirmation studies included repetition of caspase 3/7 activity/cell assays in combination with addi-
tional assessments of metabolic activity and mitochondrial membrane potential. Bioinformatic analyses were used
to generate a list of putative target genes of the confirmed miR hits, prior to further validation using Tagman Gene
Expression Assays, siRNA knock-down, cell cycle analysis, and flow cytometric measurements of cell cycle proteins.
Results and Conclusions: Our results demonstrated that exposure of PDAC to 100% rat serum significantly in-
creases caspase 3/7 activity, decreases metabolic activity, and decreases mitochondrial activity. We have identified
three miRs (miR-29a, miR-16, and miR-424) that alleviated cell stress as indicated by a significant decrease in Cas-



pase 3/7 activity. Secondary screening confirmed that modulation of caspase 3/7 was associated with increased
metabolic activity and increased mitochondrial membrane potential. Target gene prediction for these miRs iden-
tified hundreds of genes for subsequent pathway analyses and has indicated that down-regulation of cyclins and
other cell cycle regulation genes, and induction of quiescence, could protect against specific inducers of cell stress
e.g. exposure to rat serum. Furthermore, gene expression studies together with cell cycle and cyclin analysis of
PDAC transfected with miR mimics of miR-29a, miR-16, and miR-424 support this hypothesis. Modulation of miRs
and their targeted genes/pathways may represent novel approaches for maintaining or augmenting cell health.
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MOLECULAR IMAGING OF THE MESENCHYMAL STEM CELLS MIGRATORY PROPERTIES TOWARDS DIFFERENT
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Bone marrow-derived mesenchymal stem cells (MSCs) are multipotent adult stem cells from mesodermal origin
that are present within the bone marrow stroma. MSCs are capable of multilineage differentiation under appro-
priate stimuli. Due to their ease isolation and their pluripotent nature, MSCs are an ideal source for clinical and
regenerative medicine approaches in a great variety of applications. One characteristic of MSCs is their capacity to
migrate and to proliferate within areas of inflammation and tumours, as part of the tissue remodelling process.
STUDY’S OBIJECTIVE: In this report, we demonstrate that when labelled mesenchymal stem cells are injected sys-
temically by intravenous injection and simultaneously into different animals with various pathologies, they tend to
migrate naturally to the damaged tissue, independently of the pathology.

METHODS: To prove this hypothesis, we performed in vitro and in vivo imaging techniques by using a broad range
of reporter genes (GFP, hNIS and R-Luc) and non-invasive techniques (PET, BLI or fluorescence).

RESULTS: MSCs migrated to the expected target organs and engrafted tumours, targeted the pancreas (in case of
diabetes) or went to the skin (in case of injury/wound healing). We were not able to detect signalling in any other
organs at the different time points, but changes in the intensity of the signal along the course of the experiment
were observed.

CONCLUSIONS: The results suggest that MSCs possess migratory capacity to damaged areas independently of the
pathology and that they could be used to enhance tissue repair.
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QUALITY CONTROL AND TRACEABILITY OF PLURIPOTENT STEM CELL CULTURE THROUGH AUTOMATED COLONY
IMAGING
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Because pluripotent stem cells can self-renew and proliferate indefinitely, it is essential to ensure that regular qual-
ity control steps are performed to assess their healthy and pluripotent status. Quality characterization of pluripo-



tent stem cells usually relies on a standard series genetic (karyotyping, CGH--+), phenotypic (immunostaining, gene
expression analysis...) and functional (teratoma, in vitro diffentiation...) assays. However, one key method used in
laboratories consists in visually inspection of the morphology of stem cell colonies during cell culture under the
microscope. Although not sufficient in itself to provide a functional assessment of the quality of a cell line in cul-
ture, the morphology of unstained colonies remains the easiest and most common method of qualifying the status
of pluripotent stem cells in culture. Laboratories working with induced pluripotent stem cells (IPSC) end human
embryonic stem cells (hESC) are however confronted with the lack of objective, user-independent parameters to
describe the morphological criteria associated with undifferentiated, fully pluripotent stem cells.

We present here a visual atlas of IPSC colonies representative of the states which can be observed during long term
culture of IPSC, and propose a nomenclature in order to establish a consistent description of the morphological
characteristics of each colony. By taking advantage of an automated microscopy technique (CellCelector, ALS) we
also propose a strategy to document the status of a cell culture based on whole-plate phase contrast microphoto-
graphy. Whole plate microphotography can be used to individually trace, identify and grade all the colonies present
on a cell culture plate. By attributing a “pluripotent morphology score” to whole cell plates, rather than a random-
ized manual visual inspection, we thus endeavour to be able detect the atypical derivation of IPSC lines which can
occur during culture, mostly due to genetic or epigenetic abnormalities. This work will be the basis for setting up a
computer-assisted colony scoring system via Pattern Recognition Image Analysis. Associated with our morphologic-
al scoring system, the CellCelector automated system may also be used to perform automated or semi-automated
mechanical IPSC colony picking and passaging, thus ensuring a reliable and reproducible method for long-term cul-
ture and batch amplification of IPSC.
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EXTRACTING NORMALIZING GENES IN MOUSE EMBRYONIC STEM CELLS FROM SINGLE CELL RNA SEQUENCING
DATA

Matan Sorek, Eran Meshorer
The Hebrew University of Jerusalem, Jerusalem, Israel

Measuring gene expression is a fundamental requirement in biology. Quantifying expression at the transcript level
usually involves quantitative reverse-transcription PCR (gPCR). In the stem cell field, experimental variability is par-
ticularly high, because it frequently involves differentiation to different cell types, which change their entire expres-
sion map. Therefore, finding good controls for standardization and for the elimination of experimental variability is
a difficult task. Two different approaches were previously proposed, namely, to normalize to one or more reference
genes, and to normalize to the input RNA. Since the latter method is more complex and does not resolve the vari-
ability induced by the reverse-transcription process, identifying stable reference genes is superior. Previous studies
addressed this by selecting a small set of ‘housekeeping’ genes. These were then ranked, using qPCR, according
to their stability, typically based on their pairwise correlations. Recent advances in high-throughput sequencing
methods enabled the development of whole-transcriptome single cell RNA-seq approaches, which provide an un-
precedented opportunity to develop advanced, unbiased normalizing algorithms. Here we developed an approach
that utilizes this information to select normalizing genes more accurately. Analyzing 3 different single cell RNA-seq
datasets, we find new reference genes in mouse embryonic stem cells (mESC), which are significantly more reliable
than the commonly used reference genes. We demonstrate that commonly used genes such as Gapdh, Actin and
Tubulin show high variability when compared with our novel normalizers. We also expand this analysis and provide
novel general reference genes for a wider range of cells, not limited to the stem cell field. Our algorithms have thus
every potential to set new guidelines for standardization in studies involving gene expression measurements.
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EFFICIENT DIFFERENTIATION OF HUMAN EMBRYONIC STEM CELLS INTO PAX7 POSITIVE MUSCLE PROGENITORS
USING PROTOCOLS DERIVED BY MULTIPLEXED COMBICULT TECHNOLOGY

Marina Tarunina, Jey Jaykumar, Davide Danovi, Tom Watson, Yen Choo, Massimiliano Cerletti



ProgenitorLabs Ltd & Plasticell Ltd, Stevenage Bioscience Catalyst, Stevenage, United Kingdom

Muscle progenitors derived from human embryonic stem (hES) cells offer a renewable source of cells for drug
screening and potentially for cell therapy. Here we describe the development of novel defined feeder-free protocols
to direct differentiation of hES cells into skeletal myogenic progenitors with the ability to further differentiate into
functional muscle. New differentiation protocols were identified through a proprietary combinatorial cell culture
technology (CombiCult®, Plasticell). hES cells were cultured on microcarrier beads through more than 10000 dis-
tinct combinations of culture conditions to identify protocols that resulted in high differentiation efficiency into
muscle progenitors. Tracking of conditions was achieved via concomitant labeling of microcarrier beads using nan-
omaterial tags. Isolation of microcarriers bearing Pax7 positive cells and tag deconvolution indicated protocols
for mesoderm induction, mesoderm differentiation and myogenic lineage differentiation. Muscle progenitors pro-
duced by highly efficient protocols were further characterized with respect to cell surface marker expression and
regenerative properties. We describe an innovative stem cell technology that allows exploration of signaling path-
way regulation with small molecules during stem cell differentiation. Its use with skeletal muscle in particular will
speed up the derivation of cells important both for drug screening and for applications in cell therapy for neur-
omuscular disorders.

W-2054

NOVEL MARKERS OF HUMAN MIDBRAIN DOPAMINE NEURONS AS IDENTIFIED THROUGH BAC TRANSGENIC
MOUSE EMBRYONIC STEM CELLS

Yosif M. Ganat
Developmental biology, MSKCC, New York, NY, United States

In this study we used 3 BAC transgenic mESC reporter lines representing distinct stages of midbrain dopamine
(mDA) neuron development - Hes5::GFP (early), Nurrl::GFP (mid), and Pitx3::YFP (late). After two weeks of differ-
entiation, FACS-purified cells were subjected to microarray analysis under two different paradigms: interline (i.e.
Pitx3+ vs Hes5+) and intraline (i.e. Nurrl+ vs. Nurrl-). Gene ontology and in vivo experimentation lead to the identi-
fication of novel transcription factors and cell surface proteins which have been confirmed by independent groups.
This both demonstrates the remarkable fate specificity of ESC-derived mDA neuron and outlines the sequential
stage-specific reporter line paradigm for in vivo gene discovery. Finally, preliminary data indicate that two surface
markers identified may be used for in vivo visualization of mDA neurons and the purification of hESC-derived mDA
neurons.

W-2055
SCALABLE PASSAGING OF HUMAN PLURIPOTENT STEM CELLS

Ying Nie, Patrick Walsh, Diana Clarke, Jon Rowley, Thomas Fellner
Lonza Walkersville, Inc., Walkersville, MD, United States



Human pluripotent stem cells (hPSCs) hold great promise for the development of cell replacement therapies. However, for
this promise to be realized numerous challenges need to be overcome; one of which is production of clinical-grade cells in a
cost-effective manner. A critical but commonly overlooked step is the subcultivation of the cells. Current methods used to sub-
culture hPSCs are incompatible with clinical manufacturing processes because they are labor intensive and result in reduced
cell viabilities. To improve on these methods, we set out to develop a cGMP-compliant, non-enzymatic passaging reagent that
requires minimal manual manipulation of cells. This hypertonic sodium citrate-based solution promotes multicellular colony
detachment and high post-detachment cell viability. Treatment of hESC cultures with this passaging solution results in a post-
detachment cell viability of 97%. Comparatively, conventional methods such as colony scraping, Collagenase IV or Dispase
treatment exhibit significantly lower cell viabilities of 27, 58 and 67% in StemPro® and 31%, 47% and 53% in mTeSR™1, re-
spectively. The increase in viable cells achieved through the use of the hypertonic sodium citrate-based solution at each pas-
sage significantly reduces the time required to generate sufficient quantities of hPSCs for clinical-scale production. The total

number of cells produced from a starting population of 2x10° hPSCs utilizing this passaging process exceeds 2x1012 cells. We
also demonstrated that hPSCs continuously sub-cultivated with the hypertonic citrate solution for over 25 passages retain a
normal karyotype and co-express the classic subset of markers indicative of hPSC pluripotency: Oct4, SSEA4, Tra-1-60, Nanog
and Tra-1-81. We believe this streamlined passaging process offers a new method suitable for the cultivation of high-quality
hPSCs in the research laboratory and clinical manufacturing suite.
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PATENTING LIFE, US SUPREME COURT’S DECISION ON GENE PATENTS AND ITS POTENTIAL IMPACTS ON STEM CELL
RESEARCH

Maude L. Cuchiara, Kirstin RW Matthews
Baker Institute for Public Policy, Rice University, Houston, TX, United States

Patenting Life, US Supreme Court’s Decision on Gene Patents and its Potential Impacts on Stem Cell Research

Kirstin RW Matthews* and Maude L Cuchiara*

*James A. Baker Il Institute for Public Policy, Rice University

In 1980, the landmark case Diamond v. Chakrabarty guaranteed the ability to patent some forms of life. Researchers fought to
patent a bacterium that had been genetically modified to digest oil, and ultimately, the court ruled that “anything under the
sun made by man” was patentable. This decision led to the patenting of mice strains, human stem cells, and other living or-
ganisms or their components, including genes. In 1997 and 1998, Myriad Genetics was granted patents for two genes—BRCA1
and BRCA2—which are implicated in hereditary breast and ovarian cancer. Due to the patent, Myriad is currently the only
company that can conduct diagnostic testing for these genes. The patenting of the BRCA genes launched a raucous debate
about the ability to patent life: how do we distinguish between what is simply discovered and what is truly “made by man”?
The American Civil Liberties Union (ACLU) and the Association for Molecular Pathology challenged the gene patents, and the
US Supreme Court selected the case for its 2013 docket. The court will rule on one of Myriad Genetics’ claims: the patentabil-
ity of human genes. The decision made in this case will affect the patentability of other biological “inventions” such as human
embryonic stem cells (hESCs). In the US, hESC patents are almost exclusively held by the Wisconsin Alumni Research Fund
(WARF). Many researchers in the field opposed these patents for a similar rationale as gene patent opponents: hESCs were
discovered, not created or made. As a result, in 2006, the Foundation for Taxpayer and Consumer Rights and the Public Pat-
ent Foundation asked the US Patent and Trademark Office (USPTO) to revoke the patent. The USPTO ultimately validated the
patents but limited their breadth and mandated a relaxation in licensing procedures. If the Supreme Court rules that gene
patents are invalid, the ability to patent hESCs would likely be challenged and possibly revoked.

Here we will describe the progression of the Myriad Genetics case as well as compare the legal and scientific rationale for and
against gene patents to that of hESC patents. We will then discuss the arguments made by both sides to the Supreme Court
and speculate on how these arguments and each possible Supreme Court ruling (if a ruling has not been released) apply to
the patenting of hESCs and surrounding technologies. We will also compare US and EU policies on similar technologies and
elaborate on the problems associated with the judicial system ruling on regulations of highly scientific material. Finally, we
will reflect on the appropriateness of these types of patents — comparing the BRCA gene and WARF stem cell patents.

W-2057

EXPANDING BIOLOGICAL PATHWAY MODELS WITH FUNCTIONAL GENOMICS DATA IMPROVES COMPUTATIONAL PATHWAY
ANALYSIS OF STEM CELL DIFFERENTIATION



Daniel Carlin, Joshua Stuart
Biomolecular Engineering, University of California- Santa Cruz, Santa Cruz, CA, United States

The high throughput analysis of the transcriptome has become a central tool in stem cell biology. Although some
important transcription factors have been elucidated, little is known about the pathways involved in differentiation
from a systemic point of view. We have developed an integrated analysis method called PARADIGM for the inferen-
ce of pathways activated in cancer from the analysis of genomics data sets. The method has successfully identified
aberrant gene hubs in many tumor types including glioblastoma, ovarian, breast, and kidney cancer. To investigate
stem cell processes, we have extended the pathway database utilized by PARADIGM by incorporating predicted in-
teractions from the analysis of functional genomics datasets including ChIP-Seq, co-expression data across a large
number of tissue types, conservation of binding sites, protein-protein interactions, and miR target predictions. The
newly incorporated evidence is organized into “tiers” that reflect the amount of independent data sources sup-
port the existence of each interaction. By adding the highest tier of most supported interactions to our pathway
database, we have been able to provide suggestions for novel gene interactions that are important in stem cell
differentiation. We applied this new, expanded pathway database to the meta-analysis of publicly available stem
cell datasets to provide a robust pathway view of commonly performed differentiation assays. Several of the act-
ive gene clusters are common to cancer pathways and suggest links between stemness and cancer, and give clues
to the treatment of cancers. We also applied the expanded pathway database to a cortical neuron differentiation
RNA-seq time course. By isolating the biological entities most active in the differentiation course, we are able to
provide gene candidates for inducing and repressing cortical neural differentiation.
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ENDODERM DIFFERENTIATION OF HUMAN PLURIPOTENT STEM CELLS BY CELL PATTERNING.

Takuya Okazakil, Masakazu Machida2, Ryo Tamoto?, Yuichi Tanakal, Katsunori Tsuchiya?, Yuji Shimizul, Hidenori

Akutsuz, Akihiro Umezawa?

1Life Science Laboratory, Dai Nippon Printing Co., Ltd., Tokyo, Japan, 2Department of Reproductive Biology, National
Center for Child Health and Development, Tokyo, Japan

Human pluripotent stem cells (hPSCs) have the potential to be used in many applications due to their ability to dif-
ferentiate into cells of any of the three germ layers (ectoderm, endoderm, and mesoderm). When guiding differen-
tiation, embryoid bodies are made in culture solution containing differentiation-inducing factors and subsequently
maintained for a fixed period with adhesive cultivation. However, high efficiencient directed differentiation is tech-
nically challenging and currently a bottleneck in the field. Differentiation of hPSCs to a mature cell type typically
requires serial cell culture steps with sequential addition of extrinsic factors including growth factors and cytokines.
Testing a significant number of such differentiation protocols is therefore very labor intensive and time consuming
and limits the development of optimized methods. In order to solve such problems, we have developed cell culture
materials.

Generally, cells respond differently to substrates of varying stiffness of culture plates. In the current work, we set up
several conditions of cell patterning using micro-fabrication technique and investigate the effect of microstructural
features on the differentiation of hPSCs. Multiple gene expression analysis of cultured hPSCs on various diameter
circle patterned substrates by gRT-PCR using a TagMan Array revealed that smaller pattering induced endodermal
markers expression including Afp, Foxa2, Gata6 and Isl1. This analysis reveals the sensitivity of cellular phenotype
commitment and differentiation patterning responding microstructural features. It would be used to help guide the
design of scaffolds with specific properties for tissue engineering applications using hPSCs.

W-2061
SYNTHEMAX 1I-SC, A NOVEL SYNTHETIC SURFACE FOR PLURIPOTENT STEM CELL CULTURE.

Zara K. Melkoumian, Jerry Zhou, David Henry, Paula Dolley-Sonneville, Jennifer Weber
Life Sciences Development, Corning Inc, Corning, NY, United States



Scalable, reproducible, low cost and regulatory-friendly technologies must be developed to enable clinical use of
pluripotent stem cell (PSC)-based therapeutics. PSC culture methods use complex, animal-derived products, such
as mouse feeder layers and mouse tumor extracts or human-derived biological substances to coat culture ves-
sels. Most of these materials are costly, of limited scalability, have high batch to batch variability and are a poten-
tial source of adventitious agents. For clinical applications of PSC-based therapeutics it is highly desirable to have
defined, scalable culture systems for production of cells suitable for clinical use.

In this study we describe a fully synthetic substrate, Synthemax II-SC, for the culture of PSCs. The substrate is com-
prised of an RGD-containing peptide sequence derived from the active domain of the vitronectin protein linked to
an acrylate polymer. The surface coating protocol with Synthemax II-SC is very simple and consists of dissolving the
powder substrate in water, dispensing and incubating in a culture vessel for 1-2 hours. Unlike biological coatings,
Synthemax II-SC is very stable, and pre-coated vessels can be stored for up to 2 months.

We have demonstrated a multi-passage expansion of hiPSCs and hESCs on Synthemax 1I-SC coated plates in mTeSR1
defined medium. Importantly, cells maintained typical morphology, consistent doubling time, expression of pluri-
potency markers (Oct4 and SSEA4), normal karyotype and the potential to differentiate into cell types of all three
germ layers after long-term culture on Synthemax [I-SC coated plates.

In combination with defined medium, Synthemax 1I-SC provides a complete culture system for both research ap-
plications and scalable manufacturing of PSCs.

W-2062
PERFUSED MICROPLATE FOR CONTROLLED STEM CELLS DIFFERENTIATION

Kaitlyn Matias, Vasiliy Goral, Po Ki Yuen, Florence Verrier
Biochemical Technologies, Corning Inc, Corning, NY, United States

Human embryonic stem cells (hESCs) or human induced pluripotent stem cells (hiPSCs) hold great potential for
cell therapy, drug efficacy research, toxicity screens and predictive disease modeling. This is mainly due to two dis-
tinct properties: (i) they can self-renew indefinitely and (ii) they can potentially generate all cell types in the human
body. The challenge in using hESCs or progenitor stem cells for various applications has been to direct the wide
differentiation potential toward the derivation of a specific cell fate. hESCs or progenitor neural stem cells can be
differentiated in vitro into neural progenitor cells, neurons, oligodendrocytes and astrocytes. However, there is still
a lack of efficient and robust protocols to obtain high percentage of differentiated neuronal cells that show good
maturity and characteristics of in vivo-like functional cells.

Controlling the cell microenvironment has become crucial in the stem cell field where scientists are trying to dif-
ferentiate or reprogram cells typically by overcoming these signals via adding their own exogenous factors. These
exogenous factors are often added at saturating concentrations, blanketing the cells to activate specific pathways
to produce a desired outcome (e.g. specific phenotype). However, the constant din of cell communications is still
present, causing alternate and perhaps opposing pathways to be stimulated. This constant cell secretion in conven-
tional static culture limits therefore the development of new methods to elicit a specific phenotype.

Here we describe a new method of culture (passively perfused cell culture) creating a dynamic microenvironment
allowing better stem cell growth and stem cell differentiation relative to conventional static culture. Specifically, we
demonstrated that passively perfused cell culture improved stem cell performance (increased growth rate) com-
pared to conventional static stem cell culture, without altering their self-renewal property. We also demonstrated
a substantive improvement of the differentiation of neural progenitor stem cells into astrocytes and neurons. This
method of culture is also very attractive as it does not require any daily medium change, reducing substantially the
labor of culture. Overall, the passively perfused microplate can be used for spatiotemporal control over the stem-
cell microenvironment, so that the ideal ex vivo niche for cell survival or differentiation can be defined quantitat-
ively and in high throughput.
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NON-BIASED COMPARATIVE ANALYSES OF PIGGYBAC, TOL2, AND SLEEPING BEAUTY TRANSPOSON SYSTEMS BY
A NON-DRUG SELECTION PLATFORM IN HEK293



Yaa-Jyuhn James Meir, Sareina Chiung-Yuan Wu
Chang Gung University, Kwei-Shan, Taiwan

Three non-viral DNA transposon systems, Tol2, piggyBac, and Sleeping Beauty, have gained momentum as genetic
tools for mammalian genome manipulations. Previous reports have provided guidance for choosing the most suit-
able transposon to meet individual experimental needs by comparing piggyBac, Tol2, and Sleeping Beauty in terms
of their activity and genome-wide targeting profiles. However, all of these studies focused exclusively on trans-
poson targeting events that result in transgene expression, and consequently under-represent practical situations
encountered in fundamental and translational/clinical research where it is also necessary to analyze transposition
events that result in transgene silencing.

In this study, we exploited a novel non-drug selection platform to gain a non-biased and more insightful comparison
of the three transposon systems in HEK293 cells. We analyzed chromosomal targeting activity, transgene expres-
sion rate, and the genome-wide target profile of transposon-integrated clones with or without transgene expres-
sion. We found that the most favorable system to uncover genes that are involved in key differentiation processes
but are epigenetically silenced at the time of targeting is piggyBac, due to the following characteristics: (1) its ex-
tremely high chromosomal targeting rate (~ 94%) in a drug-free setting, (2) its high transgene expression rate, (3)
its ability to access inactive chromosomal regions, and (4) its preferential intragenic targeting. The first two charac-
ters along with its lowest transgene silenced rate and its unique amenability for molecular engineering to achieve
site-specific therapeutic gene targeting make piggyBac the most promising transposon among these three for gene
therapy.
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ACTIVATED PLATELET SUPERNATANT CAN AUGMENTED THE ANGIOGENIC POTENTIAL OF PERIPHERAL BLOOD
STEM CELLS IN STEM CELL THERAPY.

Jin-A Kang, Jin Hur, Ji-Yeon Yun, Jae-Il Choi, Young-Eun Choi, Ju-Young Kim, Jeehoon Kang, Ji-Hoon Hong, Jung-Kyu
Han, Hyun-Jai Cho, Young-Bae Park, Hyo-Soo Kim
Seoul national university, Seoul, Korea, Republic of

Despite the progress in stem cell therapy, efficacy of tissue repair is still modest in ischemic diseases. Although
platelets are known to play a role in hemostasis, they also promote angiogenesis by releasing various cytokines.
We investigated the improvement of stem cell therapy, by priming granulocyte-colony stimulating factor (G-CSF)
mobilized peripheral blood stem cells (mobPBSCs) with ‘activated platelet supernatants (APS)’.

Healthy volunteers underwent daily subcutaneous injections of G-CSF for 3 days, and mobPBSCs were isolated
while APS was collected by thrombin activation of the platelet rich plasma. APS contained various cytokines such
as IL-8, IL.-17, PDGF and VEGF. APS-primed mobPBSCs increased expression of genes to support angiogenesis and
mobPBSC differentiation was polarized toward CD14++/CD16+, so called pro-angiogenic monocytes, with an in-
crease of cell surface integrins. To check the paracrine effect of APS-priming, primed mobPBSCs were cultured for
36 hours. The supernatants of APS-primed mobPBSCs could augment proliferation and formation of a capillary net-
work formation in human umbilical vein endothelial cells. In vivo transplantation of APS-primed mobPBSCs into
athymic mice ischemic limb and Matrigel plugs elicited enhanced vessel differentiation, which improved tissue re-
pair. Safety analysis of APS primed mobPBSCs was proven by the increased platelet activity when primed mobPBSCs
were mixed in whole blood, which was decreased when pretreated with aspirin.

Collectively, our data identify that APS priming can enhanced the angiogenic potential of mobPBSCs, which can be
used as a novel method in increasing efficacy of stem cell therapy.
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DISCOVERY OF A NOVEL PLURIPOTENCY MARKER BC2LCN USING LECTIN MICROARRAY

Hiroaki Tateno, Yasuko Onuma, Yuzuru ltou, Makoto Asashima, Jun Hirabayashi
AIST, Tsukuba, Japan



Induced pluripotent stem cells (iPSCs) can now be produced from various somatic cell (SC) lines by ectopic expres-
sion of the four transcription factors Oct4, Sox2, c-Myc, and KIf4. Although the procedure has demonstrated to
induce global change in gene and microRNA expressions, and even epigenetic modifications, it remains largely un-
known how this transcription factor-induced reprogramming affects the total glycan repertoire expressed on the
cells. Here we performed comprehensive glycome analysis of a large set of hiPSCs (114 cell types) and hESCs (9 cell
types) using lectin microarray. In unsupervised cluster analysis of the results obtained by lectin microarray, both
undifferentiated iPSCs and ESCs were clustered as one large group. However, they were clearly separated from the
group of differentiated SCs, while all of the four SCs had apparently distinct glycome profiles from one another. This
observation demonstrates that SCs with originally distinct glycan profiles have acquired those similar to ESCs upon
induction of pluripotency. Thirty-eight lectins discriminating between SCs and iPSCs/ESCs were statistically selec-
ted, and characteristic features of the pluripotent state were obtained at the level of the cellular glycome: these
include increased a2-6sialylation, al-2fucosylation, and typel N-acetyllactosamine (LacNAc), while corresponding
decrease in a2-3sialylation, type2 LacNAc, and highly-branched N-glycans was observed. The expression profiles of
the relevant glycosyltransferase genes agreed well with the results obtained by lectin microarray. Through the ana-
lysis, we identified a lectin rBC2LCN binds only undifferentiated iPSCs/ESCs but never differentiated SCs. rBC2LCN
worked as a specific probe for staining and sorting of iPSCs and ESCs. Even live colonies of iPSCs and ESCs could
be visualized just by the addition of fluorescein-labeled rBC2LCN into cell culture media. No effect on the prop-
erties of iPSCs and ESCs by rBC2LCN could be confirmed by DNA microarray, indicating that rBC2LCN is a suitable
probe for live cell monitoring of human pluripotent stem cells during cell culture. Cell surface glycoprotein ligands
of rBC2LCN were also examined. Podocalyxin, a hyperglycosylated transmembrane protein, was found to be a pre-
dominant one. Furthermore, rBC2LCN exhibited significant affinity to a mucin-type O-glycan comprising an H type3
structure prepared from human 201B7 iPSCs, suggesting that H type3 is a novel pluripotency marker. rBC2LCN can
be expressed at high levels in a soluble form in the cytoplasm of Escherichia coli (80 mg/L) and can be purified to
homogeneity in a one-step sugar-immobilized affinity chromatography approach. Thus, rBC2LCN, unlike antibody,
could serve as a novel type of detection reagent of pluripotent stem cells, which is cost-effective and easy to pro-
duce in a large amount.
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NOVEL MACROCARRIERS FOR IMPROVED HUMAN PLURIPOTENT STEM CELL EXPANSION IN STIRRED TANK
BIOREACTORS.

Brian M. Davisl, Evelina R. Loghinl, Andrew A. Burnsz, Reginald D. Smithl, Scott M. Millerz, Kenneth R. Conway3,
Martin J. Brown?, David G. Gascoyne?

ALife Sciences and Diagnostics, BNanostructures and Surfaces Laboratory, CHigh Energy Physics Laboratory, 1Ge
Global Research, Niskayuna, NY, United States

A need for large scale pluripotent stem cell culture is emerging for applications in pluripotent stem cell banking

(e.g., for induced pluripotent stem cells), commercial production of cells (e.g., GE’s Cy’civaT'VI cardiomyocytes), and
cell expansion for clinical trials. Advances in feeder-free embryonic stem cell culture have enabled large scale cell
expansion, which is conventionally performed in flasks, but maintenance of large numbers of flasks is labor intens-
ive, space prohibitive and poses concerns that individual flasks may exhibit phenotypic drift. Therefore, new ap-
proaches for scaling up stem cell culture are required. The research presented here describes human embryonic
stem cell expansion in stirred tank bioreactors using a novel macrocarrier developed at GE Global Research. Con-
ventional microcarriers are 150 to 250 microns in diameter; in comparison, GE’s proprietary macrocarriers are ~6
mm in diameter and support the growth of more than 150,000 human embryonic stem cells per carrier. The density
of the macrocarrier material easily promotes their fluidization with the generation of minimal shear forces under
stir conditions, and rapid sedimentation in the absence of agitation. Four embryonic stem cell lines (CHB10 [from
Dr. George Daley, Children's Hospital Boston], CT2 [from University of Connecticut Health Center], and H1 and H7
[both from Geron Corp.]) were expanded on GE’s macrocarriers. The carriers were coated with different matrices

that support embryonic stem cell attachment and growth including MatrigeITM, Laminin 521 and Synthemax N,



Cells were seeded onto to the macrocarriers in stirred tank bioreactors and expanded for 3 to 5 days prior to en-
zymatic passaging. The large size of the macrocarriers facilitated the gentle separation of cells from carriers during
enzymatic cell recovery. The human embryonic stem cells exhibited similar doubling times when cultured on mac-
rocarriers in stirred tank bioreactors as when cultured in 6-well plates and were morphologically similar to colon-
ies grown in static culture. All four embryronic stem cell lines were maintained for 10 or more serial passages on
GE’s macrocarriers in stirred tank bioreactors. At the conclusion of macrocarrier culture, cells were analyzed for the
pluripotency markers Oct4 and SSEA4, karyotype, embryoid body and teratoma formation. Cells recovered from
the macrocarriers and replated onto 6 well plates retained cell morphology and expansion rates equivalent to the

parental cells. Comparison cultures grown on commercial microcarriers (Cytodex 1™ Microhex™ and Hillex IITM)
exhibited carrier-to-carrier bridging resulting in large clusters, three-dimensional colony growth, and reduced cell
viability and recovery. In conclusion, four hESC cell lines were successfully expanded for 10 or more passages on
novel shear protected macrocarriers while maintaining pluripotency in stirred tank bioreactors. This novel macro-
carrier design solves many of the challenges that occur when culturing pluripotent cells on traditional microcarriers
by providing shear projection, allowing easy separation of the carriers from cells during passaging, and preventing
the formation of cell-carrier aggregates.
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AN EFFECTIVE VERIFICATION OF ANTIFREEZE POLYAMINO-ACID FOR A SLOW CRYOPRESERVATION OF HUMAN IPS
CELL AND ES CELL
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[Objective] The cryopreservation of human iPS cells using slow-freezing after the single-cell passaging is better than
that using vitrification of aggregated cells of dissected colonies, because huge volume of iPS cells is necessary for
the clinical application. Furthermore, the single-cell passaging enables the differentiation experiment or the gene
transfer into iPS cells easier than that of aggregated cells on feeder layer. Dimethyl sulfoxide (DMSO) is a superior
cryoprotective agent, but it should be decreased as possible because of its higher cytotoxicity. In this study we de-
veloped the cryopreservation solution using carboxylated e-poly-L-lysine (COOH-PLL), and investigated its effectiv-
ity after freezing for one month.

[Method] The cryopreservation solution was contained 3%COOH-PLL, recombinant human albumin and DMSO,
whose concentration decreased as possible in DMEM/F12 medium. Single cell suspension of human iPS cells in the

cryopreservation solution was stored at -80°C for one month. After thawing the iPS cells and ES cells were cultured
on the matrigel-coated plate with SNL-conditioned medium containing bFGF for four passages, and then tested for
proliferation ability and multipotency.

[Results] Human iPS cells and ES cells were cultured in good adherence. The cell growth and multipotency were
kept after four passages. The cryopreservation solution with 1% or 2% COOH-PLL decreased total colony num-
bers at AP staining. The concentration of DMSO was able to be decreased down to 6%. Adding the rock inhibitor,
Y-27632, to the cryopreservation solution showed little effect for cryopreservation.

[Conclusion] We investigated the ability of cryopreservation solution using COOH-PLL at the stock period of one
month and showed its effectivity. This solution is xeno-free and enough to be used for the clinical application. To
the goal of future research, this cryopreservation solution will be developed for longer and huge storage.
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NANOCRYSTAL TRACKING OF A SLOW CYCLING STEM-LIKE SUBPOPULATION IN HUMAN ENDOMETRIUM

Lina N. Xiang, Rachel W.S Chan, Ernest H.Y Ng, William S.B Yeung
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Introduction: Human endometrium displays cyclical regeneration and tissue breakdown throughout a woman’s re-
productive life. Putative stem cells within the mucosal lining have been shown to be responsible for the remarkable
regenerative capacity. A key feature of somatic stem cell is their quiescent state. However it remains unclear wheth-
er slow cycling cells exist in human endometrium. The objective of this study was to establish a novel in vitro stem
cell assay employing nanoparticle tracking to isolate putative slow-cycling cells in endometrial stromal cultures.
Methods: Single human endometrial stromal cells obtained from women undergoing hysterectomy were labeled
with fluorescent nanocrystals followed by a chase of 21 days in culture. Two population of stromal cells: slow-cyc-
ling (fluorescent persistent cell; FPC) and rapidly proliferating (non-fluorescent persistent cells; non-FPC) cells were
isolated using fluorescent activator cell sorter. The stem cell properties of FPC and non-FPC were compared through
the use of colony forming assay, serial subcloning, total cell output and in vitro differentiation assay. Molecular
characterization of the two populations was assessed using real-time polymerase chain reaction with pluripotent
(NANOG, OCT-4, SOX-2) and self-renewal (BMI-1) genes. The phenotypic expression of endometrial mesenchymal
markers (CD146/CD140b, W5C5) on FPC and non-FPC was also examined using flow cytometry.

Results: Maximum fluorescent labeling of endometrial stromal cells (100%) was achieved 24 hours after primary
cell culture. A minority (0.90 + 0.09%, n=19) of FPC possessed the nanocrystals after long term culture (day 21).
Assessment of stem cell characteristics revealed stromal FPC displayed a significantly higher colony forming ability
and underwent more rounds of self-renewal than non-FPC. The multipotency of stromal FPC to differentiate into
the mesenchymal lineages upon exposure to adipogenic, osteogenic, myogenic and chondrogenic induction me-
dia was significantly higher than non-FPC. Clonally derived FPC expressed mRNA of pluripotent and self-renewal
(NANOG, OCT-4, SOX-2, and BMI-1) genes. Furthermore, there was significantly higher percentage of cells within
the FPC population expressing of endometrial mesenchymal stromal cell markers (CD146+/CD140b+ or W5C5+).
Conclusion: We have established a novel in vitro endometrial stem cell assay in which putative slow cycling human
endometrial stromal cells can be identified through nanoparticle tracking. Using this assay, we demonstrated that
FPC share common somatic stem cells properties, in particular that of mesenchymal origin.

Acknowledgement: This study was supported by Research Grant Council (HKU 7822/09M).
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Mesenchymal stem cells (MSCs) are being researched for multiple therapeutic applications due to their immun-
omodulatory properties and tri-lineage differentiation potential. Clinical trials target MSCs for cell therapy and re-
generative medicine applications such as graft versus host disease, critical limb ischemia, acute myocardial infarc-
tion and osteoarthritis. High cell doses (up to 5 MM cells/kg body weight) necessitate fast and reproducible in vitro
MSC expansion techniques. Adherent cell expansion is often carried out on planar static formats. These methods
involve handling of many pieces of cultureware, clean rooms and multiple manual operations which are inefficient
and increase the risk of contamination. Bioreactors with microcarriers have the potential to address the above con-
cerns for adherent cell expansion. However, cell numbers generated through these techniques are less than satis-
factory due to the challenges in growing shear sensitive MSCs in fluidized carrier systems. Other challenges with
traditional microcarriers for MSC expansion are difficulty in visualizing cells on the carriers, ease of harvest and cell
separation from the microcarriers.

To address the above concerns and provide a novel platform for adherent cell expansion in bioreactors we de-
veloped polystyrene(PS)-based macro-carriers. The 6mm hexagonal carriers are made of plasma-treated, medical
grade polystyrene and provides cells with a growth surface chemically similar to T-flasks. Relief features on the



carriers provide shear protection to the adherent cells thus enabling use of the carriers in bioreactors. The carri-
er density and size are designed to enable easy fluidization in dynamic conditions. Multiple lots of commercially
available bone marrow-derived MSCs (p2) were successfully expanded on the PS carriers in spinner flasks. Initial
cell attachment on the carriers in dynamic conditions was similar to attachment on static T-flasks. The expansion
protocol was optimized for impeller rpm, agitation on/off times and feed schedules to obtain T-flasks comparable
cell densities at harvest. The doubling times for MSCs grown in the spinner flasks was also comparable to static
T-flask controls. No additional surface coatings were required to support cell growth in serum-based medium. For
serum-free culture of MSCs, the carriers were pre-coated with cell-attachment matrices with the same protocols as
for T-flasks. Unlike most commercial microcarriers where aggregation of the carriers is observed at high cell densit-

ies, no aggregation of the polystyrene carriers was observed even at cell densities of 30,000 cells/cm?2. The native
spindle-shaped morphology of cells grown on the carriers could be viewed under the brightfield microscope. Cell
separation from the carriers at harvest was complete with >95% viability using traditional enzymatic dissociation
technique and did not necessitate use of cell filters or any additional cell separation equipment due to the large
size of the carriers relative to the cells. The MSCs harvested post bioreactor expansion retained their tri-lineage
differentiation potential and cell surface markers (CD105+, CD90+ & CD73+). This novel carrier based bioreactor
system has the potential to enable MSC expansion in a closed, automated and scalable manner thus reducing labor
and contamination risks associated with static planar cultures.
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REDUCING MICROBIAL CONTAMINATION IN STEM CELL CULTURE THROUGH H202 DECONTAMINATION
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CELL CULTURE
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The most common form of contamination in stem cell products for cell therapy and regenerative medicine are Bac-
teria (including Mycoplasma), yeast and fungi. Recent studies have found that Mycoplasma contamination rate in
these stem cell products was between 4% to as high as 22% with overall cell culture contamination of up to 12%
or even higher in some cases. Of all the likely sources, the cell culture incubator has often been considered one of
the most probable sources of biological contamination. Many incubator manufacturers have addressed this issue
using different types of sterilization technologies. A study was undertaken to determine the effectiveness and ef-
ficiency of three industry-leading incubators that utilize different sterilization techniques: Brand P with the H20>
decontamination technology that requires 2 hours for its cycle with around 15 minutes of prep time, Brand A with
a dry heat sterilization method that takes 10-12 hours for the complete process, and Brand B with a moist heat
sterilization method that requires up to 25 hours from start to finish. Five different microorganisms, generally con-
sidered the most common contaminants in a cell culture environment, were tested in this study: Candida albicans,
Acholeplasma laidlawii, Mycoplasma orale, Bacillus subtilis, and Staphylococcus aureus. At a specific CFU, each or-
ganism was placed on both upper and lower shelves of the incubators, which were then allowed to go through
their individual sterilization cycle. A time control coupon was also run simultaneously for the same amount of time
as the sterilization cycle. Each of the three cell culture incubators showed complete bioburden reduction for each
organism. However, the Hy02 decontamination technology offered complete organism elimination in 2 hours, as
compared to 10-12 hours and 25 hours for Dry heat and Moist heat sterilization technology, respectively. In addi-
tion, a significant reduction in viability was observed for Candida albicans, Acholeplasma laidlawii and Mycoplasma
orale, when each time control was compared. The H20;, decontamination technology effectively showed a great-
er bioburden reduction than the heat sterilization techniques, when the 2-hour time control was compared to the
10-12 hour and 25 hour time controls. This validates the effectiveness with which the H»O3 technology decontam-
inates the chamber. For Staphylococcus aureus and Bacillus subtilis, an increase in viability was observed over time



when compared to time controls. However, the H202 decontamination technology efficiently eliminated all of the
bioburden in a considerably shorter span of time without significantly increasing the original concentration of the
organisms. The 2-hour uptime advantage offered by the HyO> decontamination technology with 100 % kill rate and
at least a 6 log reduction for all the organisms tested, lead to increased productivity in a research or GMP environ-
ment.
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Human embryonic stem cells (hESCs) have been proposed as a promising candidate for tissue regenerative ther-
apies to cure various diseases, including nerve, heart liver, and pancreas. Therefore, intensive studies have been
carried out to screen effective and cost-beneficial inducing agents including growth factors, cytokines, and extra-
cellular matrices to differentiate hESCs into a special linage of somatic cells. In general, physical extracellular mi-
croenvironment provides crucial inducing factors to stem cells themselves and surrounding extracellular substrates.
In this study, we describe a direct, simple, and effective differentiation of hESCs into definitive endodermal cells
using only a nanopore pattern chip without any growth factors and cytokines. hESCs were dissociated into single
cells and grown on the nanopore pattern chip (pore size; 200nm) in RPMI medium in the absence of any growth
factors. Real-time PCR, immunochemistry, and proteome array data showed that the nanopore pattern chip sig-
nificantly increased endodermal differentiation of hESC. Compared to conventional culture dishes, the number of
SOX17-positive cells was significantly increased by differentiating hESC on the nanopore pattern (approximately
2-fold, P<0.05). The SOX17-positive cells coexpressed CXCR4 as well as FOXA2, which are typical markers of the
definitive endoderm. Expression of endoderm-associated proteins was increased by growing on the nanopattern
chip. Consequently, the nanopore pattern chip developed in this study could be a new effective and cost-beneficial
tool for the endodermal differentiation of hESCs.

This work was supported by the Industrial Core Technolgy Development Program (No.10041913) funded by the
Ministry of Knowledge Economy.
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There is an ongoing need for a robust, feasible and sensitive method for determining cell identity and/or revealing
possible phenotype perturbations. The molecular, genetic and/or light-microscopy analyses fail in case of small and
subtle but critical changes arising in cultured cells. General bio-analytical methods, e.g. matrix-assisted laser de-
sorption/ionization - time of flight mass spectrometry (MALDI-TOF MS) have manifold applications in classical ana-
lytical and structural chemistry. Due to its inherent principal universality, this method became attractive beyond



chemistry and has been adapted also for characterization of complex biological samples. However, mass spectra
generated from ionized molecules desorbed from the whole cells are rather complex and usually reflect not only
the biological variability but also variety of other factors, e.g. experimental conditions. Artificial neural networks
(ANNSs) represent a non-linear mathematical model resembling a brain neural architecture and possessing “learn-
ing” and “generalization” abilities. Such sophisticated mathematical analysis reduces unwanted inconstancy and
can identify hidden patterns in mass spectra.

As a proof of the principle, we first aimed to discriminate between biologically distinct cell types, human embryonic
cells (hESCs) and mouse embryonic fibroblasts (MEFs). The hESCs and MEFs were cultured under standard condi-
tions, harvested by scraping, washed in inorganic buffers and mixed with acidified matrix without corruption of cel-
lular integrity. Several organic matrices as well as sample deposition methods were tested. The MALDI-TOF MS was
then performed in several mass ranges, with varying detector mode and laser power. The mass spectra reached
high-level of reproducibility in the range of approx. 6000-16000 m/z, equivalent to molecular weight approx. 6-16
kDa. We were able to identify sample specific peaks and to perform cluster/factor analysis. Despite the successful
classification of all analyzed samples, the factor analysis does not allow to perform nonlinear clustering of samples.
Using ANNs we were able to compensate for nonlinearities in complex data (e.g. biological and instrumental vari-
ability). The robust database of whole-cell mass spectra was build and served as input for feed-forward neural
network. After training of the ANN, we achieved 100% discrimination between hESCs and MEFs. We then tested
whether this approach can discriminate between morphologically uniform, yet innerly different hESCs. The hESCs
were stimulated with 0,1uM retinoic acid (RA) for only 10 hours or left untreated and then processed with whole-
cell MALDI-TOF MS. The correctly trained ANNs were able to reach significantly high level of discrimination while
the cluster and factor analysis did not identify differences. In summary, we developed and optimized a simple, ro-
bust and efficient cell authentication tool enabling routine use in clinical grade cell cultures.

This work is supported from Ministry of Education, Youth and Sports of the Czech Republic (Projects
MSM0021622411, MSMO0021627501, MSMO0021622430, CZ.1.05/1.1.00/02.0123, CEPLANT CZ.1.05/2.1.00/
03.0086, and HistoPARK CZ.1.07/2.3.00/20.0185) and the Czech Science Foundation (Projects 104/08/0229, 202/
07/1669).
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Background: Cell density is a critical factor for control both growth and differentiation of human pluripotent stem
(PS) cells including embryonic stem (ES) cells and induced pluripotent stem (iPS) cells. Despite the fact of the evolu-
tion of human PS cell culture techniques, counting cell numbers is still problematic. Therefore, we have developed
a noninvasive cell counting method for human PS cells through analyzing live cell images.

Methods: H9 (WAQ09) human ES cells were cultured and then stained with a cell-permeant SYTO24 green fluores-
cent nucleic acid stain (Invitrogen). Phase contrast and fluorescent images of H9 were obtained during culture in a
cell incubator observation system, BioStation CT (Nikon Corporation) and analyzed by a software CL-Quant (Nikon
Corporation). Area of H9 colony coverage was measured from phase contrast images. Number of stained nuclei
was counted from green fluorescent images. Immediately after imaging, the conventional cell counting by hemo-
cytometer was performed for comparison.

Results: The nucleus counting and the conventional cell counting showed similar results. In the case total numbers

of cells were above 1 x 10%, cell numbers by nucleus counting were similar and reproducible with those by con-
ventional cell counting. There was a significant correlation between the colony coverage area and the nucleus/cell
counting. These results show that numbers of human PS cells can be estimated from the total colony coverage area
through phase contrast imaging.



Conclusions: Thus we have developed a new noninvasive cell counting method. Furthermore, obtaining time-lapse
phase contrast images enables us to monitor colony morphological changes and to calculate growth rate during hu-
man PS cell culture. Our noninvasive technique is useful for consistent seeding of human PS cells and high-through-
put screening analysis of cell numbers, proliferation, and growth curves.
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VIRTUAL KARYOTYPING OF STEM CELLS BASED ON THEIR GLOBAL GENE EXPRESSION PROFILES

Uri Ben-Davidl, Yoav Maysharz, Nissim Benvenisty1

IHebrew Univ Stem Cell Unit, Jerusalem, Israel, 2Dept. of Genetics, Harvard Medical School, Boston, MA, United
States

The genomic instability of stem cells in culture, caused by their routine in-vitro propagation or by their genetic ma-
nipulation, is deleterious both for their clinical application and for their use in basic research. Frequent evaluation
of the genomic integrity of stem cells is thus required, and is usually performed using cytogenetic or DNA-based
methods, at variable sensitivities, resolutions and costs. These methods require access to the cells - or at least to
DNA from the cells - and their application is usually limited to cell lines one has readily at hand. In contrast, gene
expression microarrays have become a common tool in stem cell research and microarray data are frequently de-
posited in public databases.

Here we present a method that enables the accurate evaluation of the genomic integrity of stem cells based on
their gene expression data. Once gene expression microarrays are generated from the cell lines of interest, they
are compared to a database of similar gene expression profiles using two complementary bioinformatic analyses.
The results obtained from these analyses are then combined to faithfully determine what genomic aberrations are
present in the examined samples. This expression-based karyotyping method (which we termed "e-karyotyping")
was initially validated by analyzing human embryonic stem cells (hESCs) with known chromosomal aberrations. We
then e-karyotyped a large data set of human ESCs and conducted the first large-scale analysis of genomic integrity
in human induced pluripotent stem cells (hiPSCs). Recently, we also applied e-karyotyping to mouse and rhesus
PSCs, demonstrating that it is not restricted to human cells. Lastly, we also performed e-karyotyping to examine the
genetic stability of human adult stem cells, namely hematopoietic stem/progenitor cells (HSPCs), neural stem cells
(NSCs) and mesenchymal stem cells (MSCs), demonstrating that each stem cell type is prone to acquire a unique
set of chromosomal aberrations, and that these aberrations are similar to those observed in tumors of the same
cell lineage.

The current work provides a detailed protocol for using global gene expression profiles to determine the genomic
integrity of stem cells, with an emphasis on PSCs. This e-karyotyping protocol describes how to properly organize
gene expression microarray data, how to subject it to two complementary bioinformatic analyses, and how to in-
terpret the results in a conservative manner, in order to generate an accurate estimation of the chromosomal aber-
rations in the autosomal genome of examined stem cell lines. This is an easy-to-follow protocol that every standard
laboratory in the field will be able to adopt and implement.

*

This study is currently being revised for publication in Nature Protocols, and it follows our recently published works:
Mayshar*, Ben-David* et al, Cell Stem Cell, 2010

Ben-David et al, Cell Stem Cell, 2011

Ben-David and Benvenisty, Stem Cells, 2012
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Background. The great heterogeneity in living cells provides the stable spatiotemporal function of the multicellular
organism. UCB contains hematopoietic stem cell pools belonging simultaneously to both adult/mother and em-
bryo/infantorganisms. Study of morphological and functional heterogeneity in the CD34 positive UCB cells at the
single cell level may provide sufficiently detailed information which can contribute to the understanding of the bio-
logical activity of these cells and their potential use.

Methods. In this study, we present an imaging approach based on the cell retainer methodology for real-time in-
vestigation of the functional intracellular characteristics of UCB cells. This methodology enables repetitive, high-
content correlative multi-parametric measurement and image analysis of individual cells within a population, dur-
ing various manipulations, e.g. drug introduction, staining procedures, etc. [Deutsch M. et al, 2006]. Fresh UCB
units from healthy newborns were obtained

from Magen David Adom Public Cord Blood Bank (Israel). Initially, red blood cells were sedimented using dextran
and thereafter mononuclear cells were isolated using Ficoll-Hypaque. The separated mononuclear cells were
loaded into the LiveCell™ Array and a panel of vital tests was performed at the level of individual cells. For instance,
cell death rate (PI staining), cytoplasm membrane integrity and intracellular metabolism (the rate of fluorescein-di-
acetate hydrolysis by non-specific esterases calculated from repeated periodic measurements for each single cell),
mitochondrial membrane potential (TMRM staining) and Heochst dye (HD) efflux. UCB mononuclear cells were sor-
ted based on their CD34 fluorescence intensity (Fl). The functional features of CD34 positive

versus negative cells, as well as the difference between subfractions of cD34MighFl 5nd cD341oW FI cells were ana-
lyzed.

Results and Conclusions. On average, 8.8+3.7% of the total mononuclear cells exhibited positive staining with anti-
CD34 antibodies. Living CD34 positive cells demonstrated significantly lower (p<0.001) MMP (TMRM dye Fl) and
significantly higher (p<0.02) HD Fl in comparison to CD34 negative cells. In contrast, the intracellular non-specific
esterases demonstrated a similar rate of FDA hydrolysis in CD34 positive and negative cells. Among CD34 positive

cells ~30% exhibited high Fl signal, while the rest had a low Fl signal. The cD34Migh Fl fraction did not efflux HD ef-

fectively, in contrast to cD34'°% Fl cells which are associated with significantly lower staining (p<0.03). On the other
hand, these two fractions of CD34 positive cells do not differ significantly with respect to MMP and ability to hy-
drolyze FDA.

Thus, freshly isolated CD34 positive mononuclear cells derived from UCB reveal a certain level of heterogeneity
with respect to intracellular functional characteristics. The results obtained may be important for further basic in-
vestigations, and to applied research as well.
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The cryopreservation of hUC-MSCs has become an important process for the therapeutic protocol, which in-
cludes stem cell transplantation. In the conventional cryopreservation protocol, using the high concentration of
dimethylsulfoxide (DMSO) presented various cytotoxic effects for stem cell. Therefore, to reduce the cytotoxicity
of DMSO, we studied the roles of non-permeable cryoprotective agents (Np-CPAs; pan-caspase inhibitor, antiox-
idant and disaccharide) for effective cryopreservation.

hUC-MSCs were cryopreserved with Group 1) 10% DMSO and 20% serum substitute supplement (SSS) as a con-
trol, Group 2) 5% DMSO and 5% SSS, Group 3) 5% DMSO and 5% SSS treated with 0.1M sucrose, 0.1M trehalose,
1mM antioxidant (1mM Glutamine) and 5% pan-caspase inhibitor (5% N-benzyloxycabonyl-Val-Ala-Asp-fluoro-



methylketone; zZVAD-fmk), respectively. The relative survival rates of frozen-thawed cells were measured by tryp-
an blue staining after 2 weeks of storage in a LN tank. The population growth rate and doubling time of cultured
cells were assessed using the MesenPRO medium for 5 weeks.

The relative survival rate was 76.74% (groupl) of conventional cryopreservation protocol. And it was 70.38%
(group2) of 5% DMSO, showed reduced relative survival rate than groupl. Additional effect of 0.1M sucrose,
0.1M trehalose and 1mM glutamine (group3), showed similar relative survival rate compared with the control
(groupl), but it was increased relative survival rate than group2. The treatment with 5% zVAD-fmk (group3),
showed a significantly higher relative survival rate (91.65%) than without it (groupl and group2) (p;0.027,
p;0.026). The population growth rate and doubling time of cultured cells were showing similar results between
w and w/o Np-CPAs.

These results were presented that the reduced concentration of DMSO by supplement of Np-CPAs, especially
caspase inhibitor has an advantage to overcome the many side effects of cryopreservation in cell therapy.

iPS Cells
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Multiple system atrophy (MSA) is a neurodegenerative disorder of primarily glial origin. Clinically it is distinct from
Parkinson’s disease with predominantly autonomic failure and motor impairment. The motor symptoms gener-
ally respond poorly to dopaminergic therapy. Pathologically, the principal cellular targets are oligodendrocytes that
show abundant glial cytoplasmic inclusion bodies consisting of alpha-synuclein aggregates and nigrostriatal degen-
eration. Protein misfolding and aggregation of alpha-synuclein is a common feature across synucleinopathies and
an attractive target for drug development.

In order to study the contribution of a-synuclein to the disease phenotype of MSA, we generated induced pluri-
potent stem cells (iPSCs) from a patient with MSA and then created isogenic lines with SNCA deletional mutations
using the transcription activation-like effector nucleases (TALEN) technology. We designed two sets of TALENSs to
create deletions in exon 2 of the SNCA gene in patient derived iPSCs via non-homologous end-joining (NHEJ). After
functional verification of the SNCA TALENSs carried out in HEK cells and confirmed with the Surveyor assay and se-
guencing, iPSCs from the MSA patient were edited with SNCA TALENs. Colonies that showed positive cuts in the
Surveyor assay were picked and expanded. These colonies were further characterized by sequencing on the lon Tor-
rent PGM instrument to identify clonal populations with SNCA deletional mutations. We then differentiated both
the edited lines and isogenic control iPSC line into neural stem cells and glial cells for functional characterization.
In conclusion, TALEN technology can be applied to generate isogenic disease iPSCs for studying the contribution of
SNCA in the disease phenotype of MSA.
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Alzheimer’s disease (AD) is the leading cause of dementia worldwide, and AD cases are estimated to increase
three-fold by 2050 due to an aging population. The pathological hallmarks seen in AD brains include amyloid-f3 (AB)
plagues, neurofibrillary tangles of hyper-phosphorylated tau protein, synaptic loss, and neuronal death. Sequential
proteolysis of amyloid precursor protein (APP) by beta and gamma secretases generates AB fragments, which are



the main constituents of the senile plagues. The majority of AD cases are sporadic, without a known genetic or
environmental cause. However, there is a small subset of patients with dominantly inherited forms of the disease
caused by mutations in APP and presenilin 1 and 2. IPSC technology allows us to capture the genomes of individuals
with familial AD mutations and to differentiate iPSCs to neurons and glia to study the mechanisms that cause AD.
Here we report the characterization of iPSC-derived neurons from cell lines containing the familial AD mutation,
APP V717F. We report that the APP V717F mutation increases the AB42/40 ratio in purified neurons and increases
APP B c-terminal fragments (BCTFs). Studying how an increased AB42/40 ratio and increased APP BCTFs contribute
to AD will be vital for future therapeutic intervention.
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Alzheimer’s Disease (AD) is a progressive and to-date irreversible neurodegenerative disease that presently affects
more than 26 million people worldwide. This number is predicted to greatly increase by the year 2050. While more
than 95% of AD cases occur sporadically without a known genetic cause, mutations in the amyloid precursor pro-
tein (APP) or presenilin genes (PS1 and PS2) have been attributed to rare autosomal dominant forms of familial
AD (FAD). In this context, the Swedish mutation was identified as a genetic variation leading to FAD. This mutation
alters the processing of APP by enhancing beta-secretase cleavage which leads to increased generation of both
APP C-terminal fragments and pathogenic amyloid-B (AB) peptide. In contrast, the MV mutation has a single point
mutation at the same site to inhibit beta-secretase cleavage. We are generating transcription activator-like effector
nucleases (TALENs) to introduce these Swedish and MV point mutations in Craig Venter’s cell line. TAL effectors are
proteins secreted by plant pathogenic bacteria and bind to DNA in a modular fashion allowing for precise DNA tar-
geting. The generation of isogenic iPSCs containing Swedish and MV mutations will provide the tools necessary to
address the contribution of different APP fragments (namely APP CTFs and AR peptides) in driving axonal transport
defects of organelles and vesicles, such as lysosomes and mitochondria.
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ABETA 42 TO 40 RATIOS IN HUMAN NEURONAL CULTURES ARE RESISTANT TO PHARMACOLOGICALLY RELEVANT
CONCENTRATIONS OF GAMMA SECRETASE MODULATORS

Philipp Kochl, Jerome Mertensl, Kathrin StUberl, Patrick Wunderlichz, Julia Ladewigl, Rik Vandenberghe3,
Mathieu Vandenbulcke4, Philip van Damme3, Jochen Walterz, Oliver Briistle!

AReconstructive Neurobiology, BNeuro/ogy, 1University of Bonn, Bonn, Germany, ANeurology, BPsychiatry,
2 University Hospitals Leuven, Leuven, Belgium

Altered production, accumulation and aggregation of amyloid beta peptides (AB) in the brain are hallmarks of
sporadic and familial Alzheimer’s disease (AD). As increasing evidence suggests that elevated fractions of the highly
amyloidogenic AB42 variant are causative in AD pathogenesis, y-secretase modulators (GSM) that selectively lower
AB42 emerged as potential therapeutic agents. Surprisingly and despite promising preclinical data, the GSMs so far
tested in human clinical trials proved inefficient in delaying disease progression. While the reasons for these fail-
ures remain obscure, it is striking that most data on the potency of GSMs have not been generated in bona fide hu-
man neurons. The advent of human pluripotent cells (hPSC) has enabled the generation of human neurons in large
guantities. Here we show that neurons derived from human embryonic stem cells (hESC) and induced pluripotent
stem cells (iPSC) endogenously generate AB and that familial AD patient-specific iPSC-derived neurons exhibit an
elevated AB42/40 ratio. However, exposure to GSMs at concentrations that can be clinically achieved in the brain
and that were efficient in non-human cell models did not alter the ratio of AB42/40 in these neurons. Thus, our



data reveal an unexpectedly low responsiveness of authentic human neurons to pharmacological y-secretase mod-
ulation, which might explain the observed clinical failure of GSMs.

W-2105
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zi2, Rudolf Jaenischl
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Alzheimer's disease (AD) is characterized by progressive dementia and brain deposits of the amyloid B protein (AB)
as senile plaques and the microtubule-associated protein, Tau, as neurofibrillary tangles (NFT). Recent develop-
ments in induced pluripotent stem cells (iPSCs) derivation have allowed investigation of phenotypes of neurological
diseases in vitro, and provide opportunities to generate human cell-based models that will be crucial for drug dis-
covery, as well as to investigate disease mechanism.

We have generated iPS cells from patients with familial AD (FAD type 3), from a Canadian family with A246E muta-
tion in the presenilin 1 (PS1) protein, and from non-demented kins. We transduced fibroblasts with doxycycline
(dox) inducible, single Cre-excisable lentiviral vector encoding four reprogramming factors (Oct4, Sox2, KIf4 and c-
Myc) flanked by lox-P sites as a polycistronic cassette. These cells also were transduced with a constitutive Cre-ex-
cisable lentiviral vector expressing M2rtTA. Patient and control iPS cells were, using SMAD signaling inhibition (dor-
somorphin), differentiated to highly expandable neural progenitors and matured into the neuronal and glial pheno-
types relevant to AD. This induced rapid and complete neural conversion of iPS cells under adherent culture condi-
tions. In particular, we have generated glutamatergic excitatory neurons and astrocytes from each patient. To eval-
uate their usefulness as an AD model we measured the levels of Abeta-40 and Abeta-42 secreted from 8-10 weeks
old neurons by sandwich ELISA. We show that total AB secretion is much higher in neuroglial cultures, making these
a far better model to study the disease than fibroblasts. Then we compared the ratio of Abeta-42 to Abeta-40 to
total Abeta secreted by control and mutant neurons. Mutant neurons showed higher ratio of Abeta-42/40 com-
pare to control neurons. To determine whether soluble or non-soluble Abeta species are neurotoxic in vitro, and
assess whether sub-types of neurons are selectively vulnerable we exposed control cells to varying concentrations
of stressors, including pre-aggregated AB42 and soluble AB extract from supernatants from A246E human neurons.
Toxicity assessment has been performed in parallel, using a vital dye (PrestoBlue), as well as endpoint immuno-
histological staining of neuronal dendrites (MAP2), astrocytes (GFAP) and mature synapses (Synapsin puncta). We
have found that mutant neurons have less complex dendritic arbors and are more vulnerable to Abeta-42 s com-
pare to control neurons.

In conclusion we describe phenotypic changes of human AD neurons in vitro, which will allow us to investigate the
mechanism of the disease and effect of small molecules to rescue the AD phenotype.

W-2106

USING HUMAN INDUCED PLURIPOTENT STEM CELL DERIVED MOTOR NEURONS TO ELUCIDATE THE ROLE OF
MUTANT SOD1 IN MITOCHONDRIAL DYSFUNCTION AND TRANSPORT IN AMYOTROPHIC LATERAL SCLEROSIS

Theodore Pengl, Evangelos KiskinisZ, Steve Han3, Kevin Eggan?
AHuman Developmental and Regenerative Biology, Bmolecular and cellular Biology, IHarvard University, Cam-
bridge, MA, United States, 2Department of Neurology, Massachusetts General Hospital, Boston, MA, United States

Induced pluripotent stem cells (iPSCs) offer a new and exciting approach to disease modeling. Given the fact that
they are patient specific (i.e. with identical genomes to the patients from which they are derived), iPSCs possess
the ability to accurately replicate the phenotype of certain diseases. Our lab has created various iPSC lines from pa-
tients with familial cases of Amyotrophic Lateral Sclerosis (ALS), and has differentiated these lines into lower motor



neurons, the cell type affected in ALS. Mutations in Cu/Zn superoxide dismutase 1 (SOD1) are some of the most
common causes of familial ALS, and the resulting mutant SOD1 protein is often found localized to the surface of
mitochondria in motor neurons. This phenotype is found in conjunction with alterations in morphology, localiza-
tion, and transport of mitochondria along the axons of motor neurons in SOD1 mutant mouse models. Further-
more, there have been reports of perturbations in calcium homeostasis and apoptosis activation of mitochondria.
However, these observations have been made using non-human or non-motor neuron systems that overexpress
mutant SOD1 protein, or human post mortem biopsies that offer only end-stage time points of the disease. In order
to address these issues, we have used our iPSC-derived motor neuron in vitro model to elucidate the mechanisms
and pathways underlying mitochondrial dysfunction, and to understand the influence mitochondria have on the
ALS phenotype.

W-2107

A NOVEL CELL MODEL SYSTEM FOR STUDYING MECHANISMS OF SOD1-ASSOCIATED AMYOTROPHIC LATERAL
SCLEROSIS.

llya Chestkov!, Ekaterina Vasilieval, Ekaterina Khomyakoval, Sergey llarioshkin2, Maria Lagarkoval, Sergey
Kiselev!
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Amyotrophic lateral sclerosis (ALS) is a fatal disorder of motor neuron degeneration with unclear mechanisms and
no effective treatment to date. The most commonly occurring mutations in patients with familial ALS (FALS) are
found in the Cu, Zn superoxide dismutase (SOD1) gene and account for approximately 20% of all FALS. It is as-
sumed that misfolded mutant SOD1 protein can be selectively toxic to motor neurons and therefore most cases of
classic ALS can be considered as a conformational disorder. One of the most promising approaches to understand
the primary causes of the disease is to generate a cell model system based on patient-specific induced pluripotent
stem cells (iPSC). We have obtained and characterized human motor neurons with three different SOD1 mutations
through differentiation of iPSCs derived from patients affected by SOD1-associated ALS. These motor neurons could
be specifically visualized during differentiation process and sorted due to Hb9::eGFP-IRES-Puro motor neuron-spe-
cific reporter cassette introduced in each iPSC line. The resulting model system will allow using motor neurons in
the co-cultivation experiments with other cell types (non-cell autonomous effect), and also test whether neuron
death in ALS can be a cell autonomous process as well.
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ALS PATIENTS’ MOTOR NEURONS EXHIBIT PREFERENTIAL IMPAIRMENT IN NEUROFILAMENT AND
MITOCHONDRIAL DYNAMICS IN ABSENCE OF GLIA

Hong Chen, Kun Qian, Zhongwei Du, Jinagyuan Cao, Lisle W Blackbourn IV, Anthony Errigo, Cindy Huang, Melvin
Ayala, Ling Yao, Su-chun Zhang
Waisman center, Madison, WI, United States

Amyotrophic lateral sclerosis (ALS) is characterized by presence of neurofilament tangles in cell bodies and axons
followed by degeneration of motor neurons. The cause and underlying mechanisms of neurofilament aggregation
and preferential motor neuron vulnerability remain unknown. Mutations in the Cu/Zn Superoxide Dismutase
(SOD1) gene are associated with 20% familial forms of amyotrophic lateral sclerosis (ALS) and transgenic expression
of multiple copies of the mutant forms of human SOD1 in animals indeed leads to neuronal degeneration. To gain
insights into the process of motor neuron degeneration in ALS patients and to build a dynamic model for dissecting
disease pathogenesis and for drug discovery, we established induced pluripotent cells (iPSCs) from patients with
SOD1 mutations. Analysis of the iPSC-derived neurons indicated that the ALS hallmark pathology, neurofilament ag-
gregation, appeared progressively in spinal motor neurons but rarely in non-motor neurons before glial cells have



developed in the system. The neurofilament aggregates were associated with deficits in mitochondrial function as
well as transportation along axons. Expression of a single copy of the same mutant SOD1 in human embryonic stem
cells (ESCs) by TALEN-mediated transgenesis resulted in the same pathological changes in motor neurons but not
non-motor neurons that are differentiated from the transgenic hESCs. Genetic correction of the SOD1 mutation in
the patient’s iPSCs by TALEN-based homogeneous recombination prevented the above pathological phenotypes.
These results indicate that the SOD1 mutations lead to structural and functional degeneration, preferentially in
motor neurons and that the degenerative process occurs in a cell-autonomous manner. They also suggest the use-
fulness of the iPSC strategy for modeling the pathological process of ALS. Studies are under way to dissect out early
events that lead to neurofilament and mitochondrial changes, to understand the preferential vulnerability of motor
neurons, and to build platforms for drug discovery.

W-2111

APPLYING IPSC MODEL TO STUDY P53 MUTATION ASSOCIATED CANCER DISSEASE

Jie Sul, Dung-Fang Leel, Betty Changl, Julian Gingoldl, Henia Darrl, Carlos-Filipe Pereiral, Avinash Waghrayl, Ran
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Embryonic stem cells (ESCs) hold enormous promise for biomedicine. In vitro modeling of human disease has re-
cently become possible due to induced pluripotent stem cell (iPSC) methodologies. Characterized by their ability
to self-renew indefinitely and differentiate into all cell lineages of an organism like ESCs, iPSCs provide a powerful
and unlimited source of cells to generate differentiated cells that can be used to elucidate disease pathogenesis, for
drug discovery and development, toxicology screening, personalized healthcare and eventually cell transplantation-
based therapies. Here, we apply iPSC technology to investigate p53 mutation-associated cancer disease. This will
create a “disease in a dish” platform to elucidate the underlying pathogenesis caused by these p53 mutations.

We obtained fibroblasts from a family with heterozygous Gly245Asp (G245D) mutation in the TP53 gene. We have
generated integration-free iPS cell lines from three patients and two unaffected family members by Sendai virus
(SeV)-based delivery of the 4 Yamanaka reprogramming factors, OCT4, SOX2, KLF4 and c-MYC. These iPS clones ex-
press hESC pluripotency factors NANOG, OCT4 and SOX2, hESC surface markers (TRA-1-81 and SSEA4), and alkaline
phosphatase (AP). iPS lines were tested for loss of Sendai virus by PCR. The G245D mutations in SeV-free iPSC lines
have been confirmed in 3 patients and wild-type status confirmed in 2 related family members. The iPSC lines were
further characterized to verify normal karyotype, expression of NANOG, OCT4 and SOX2 pluripotency markers at
levels comparable to hESCs and reduced OCT4 promoter methylation compared with original fibroblasts. In order
to obtain a comprehensive picture, we will further identify genome-wide differences between WT and mutant p53
(G245D) lines by transcriptome, miRNAs, interactome and ChlIP-seq approaches. Integrating these data will provide
insights into the tumor suppressor role of p53. Collectively, applying iPSC technology to study cancer disease will
provide an invaluable avenue to unravel the tumor-promoting role of p53 mutants.
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MODELING IDIOPATHIC AUTISM USING INDUCED PLURIPOTENT STEM CELLS
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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 test-
ing 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 unfeasible, and no suitable animal models can adequately reproduce the com-
plicated structure and function of the human brain to study social behavior and language acquisition. Recently,
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 neur-
ological disorders and diseases, including Rett syndrome, a syndromic ASD (Marchetto et al. 2010). Here we show
the generation of 8 idiopathic autistic iPSC lines and 5 age/gender-matched control lines. We also performed dif-
ferentiation into neural progenitor cells (NPC) and mature neurons in culture. We are now revealing cellular phen-
otypes that can directly test the two current models for autism pathogenesis abovementioned (cell proliferation,
cell migration and proper neuronal maturation). 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. Knowledge of the biological causes of neural maldevelop-
ment in 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.
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IN VITRO MODELING OF NIEMANN-PICK TYPE C DISEASE USING PATIENT-SPECIFIC INDUCED PLURIPOTENT STEM
CELLS

Dorothea Maetzell, Haoyi Wangl, Sovan Sarkerl, Lina Abi Moslehz, Qing Gaol, Maisam Mitalipoval, Rudolf Jaen-
ischl
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Patient-specific induced pluripotent stem (iPS) cells derived from somatic tissues provide a unique tool to study
human diseases in vitro. The potential of iPS cells to generate unlimited quantities of disease affected cell types
make them a realistic source for the analysis of disease underlying mechanisms, small molecule drug screening and
autologous transplantation. Therefore patient specific iPS cells are potentially useful to develop new strategies to
treat patients suffering from various degenerative diseases.

Niemann-Pick disease type C (NPC1) is an inherited, progressive neurodegenerative lipid storage disorder caused
by mutations in the NPC1 or NPC2 gene. Mutations in these genes result in an accumulation of unesterified cho-
lesterol in the late endosomes / lysosomes (LE/L) and an impairment of the cholesterol export from the LE/L to the
endoplasmic reticulum (ER). The first clinical symptoms are often hepatosplenomegaly and cholestasis. The course
of the disease is dramatic and subsequently leads to the death of the patient.

In the presented study we have generated vector-free iPS cells from patients suffering of NPC1 disease. Using dif-
ferent biochemical approaches we were able to evaluate and identify disease-related phenotypes in different cell
types including cells of the neuronal and hepatic lineage. We have, using transcription activator-like effector nucle-
ases (TALENs) mediated gene editing, generated isogenic NPC1 and control iPS cell lines and are investigating the
effect of NPC1 deficiency on disease relevant phenotypes in neuronal and hepatocyte-like cells.
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MODELING DISEASE SEVERITY IN AN IPSC-BASED IN VITRO MODEL OF FAMILIAL DYSAUTONOMIA

Nadja ZeItnerl, Gabsang Leez, Faranak Fatahi3, Fabien Lafaille4, Jason Tchieul, Lorenz Studer?
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Pluripotent stem cells have the potential to become any cell of the body and a key goal in disease modeling studies
is to utilize cells of interest to understand the pathology associated with the disease. Familial Dysautonomia (FD)
is a neurodegenerative/neurodevelopmental genetic disease that we employ to establish the principle of in vitro
disease modeling as a valid alternative/addition to animal models of human diseases. Thus, offering the possibility
to study disease specifics, accomplish drug screening and drug testing. Using FD-patient derived cells, we have pre-
viously shown that FD can be successfully modeled by using the induced pluripotent stem cell (iPSC) technology.
iPSCs were generated from FD patients and differentiated into neural crest precursors (the cells specifically affec-
ted in FD). Three disease characteristics of FD were reproduced in vitro in neural crest precursors indicating that FD
can be modeled effectively. However, FD patients display a range of symptoms, from severe and mild (both homo-
zygous) to the asymptomatic, heterozygous carrier phenotype. We aim to investigate if this range of severity can
be reproduced using our iPSC-based disease model and determine the mechanism behind differences in disease
severity.

Using iPSCs from FD patients with severe, mild, absent (heterozygous) and healthy control patients, we differenti-
ated them into neural crest progenitor cells and examined their in vitro phenotype. Aside from the FD-specific mis-
splicing of IKBKAP, there is no difference between severe and mild patients in neural crest progenitors, suggesting
no difference in the ability to generate the early neural crest lineage. However, the generation of Mash1-positive
autonomic precursor cells is greatly affected in cells derived from severe patients, while cells from mild patients
can generate equal numbers of autonomic precursor cells compared to controls. This suggests a specific defect in
autonomic neurogenesis in severe but not mild patients, leading us to hypothesize that severe patients have both
a neurodevelopmental and neurodegenerative defect, while mild patients may only have a neurodegenerative de-
fect. To further test this hypothesis we are addressing the neurodegenerative aspect of the disease in more detail.
To this end, we are employing our recently established differentiation protocols to generate peripheral sensory
neurons, cells specifically affected by degeneration in FD patients. Survival capacities are being studied in these
cells comparing sensory neurons derived from severe, mild or control FD patients.
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IDENTIFICATION OF NOVEL TARGETS USING PSEN1 FAMILIAL ALZHEIMER’S DISEASE HIPSC-DERIVED NEURAL
PROGENITORS
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The most prevalent theory for the underlying cause of Alzheimer disease (AD) is the “amyloid hypothesis”, in which
toxic oligomerogenic forms of Abeta, a cleavage product of APP, accumulate and cause neuronal dysfunction and
cell death. Presenilin 1 (PSEN1) encodes the catalytic subunit of y-secretase, and PSEN1 mutations are the most
common cause of early onset familial Alzheimer’s disease (FAD). FAD mouse models and human AD pathology sug-
gest potential deficits in adult neurogenesis and newborn neuron survival, indicating a potential important role for
NPCs in the disease. In addition, the brains of early-onset Alzheimer’s patients might have developmental alter-
ations that could affect disease initiation. Thus, we interrogated potential difference in human FAD IPSC-derived
NPCs, which have not been studied to date. We furthermore asked whether PSEN1 NPCs, a more homogenous pop-
ulation than the wide spectrum of mature neurons produced by a general neuronal differentiation, could be used
to identify novel molecules potentially important for early events in AD. We generated induced pluripotent stem



cells (iPSCs) from affected and unaffected individuals from two families carrying PSEN1 mutations, the “Canadian”
(FAD1, A246E PSEN1 mutation) and the “Italian” (FAD4, M146L PSEN1 mutation) FAD kindreds. iPSCs were char-
acterized using a variety of quality-control assays, and eight iPSC lines were selected to serve as a core set for the
majority of our experiments We successfully differentiated iPSCs into NPCs and electrophysiologically-active neur-
ons, and PSEN1 NPCs have a small neurogenic advantage over control NPCs. PSEN1 mutant fibroblasts and NPCs
produced greater ratios of Abetad2 to Abeta40 relative to their control counterparts, with the elevated ratio even
more apparent in PSEN1 NPCs than in fibroblasts. Molecular profiling identified 14 genes differentially regulated
in PSEN1 NPCs relative to control NPCs. We confirmed these hits in brains from common, sporadic AD cases with
advanced or intermediate pathology by qPCR and by comparison to published transcriptomes of laser captured
microdissected (LCM) cortical neurons from brains with AD pathology. Five of these targets showed differential ex-
pression in late onset AD/Intermediate AD pathology brains. Several of our gene hits have potential roles in human
CNS development. Therefore, in our PSEN1 iPSC model, we have reconstituted an essential feature in the molecular
pathogenesis of FAD, increased generation of Abeta42/Abeta40, and identified potential new therapeutic targets.
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INVESTIGATION OF PRION-LIKE PROPAGATION OF TAU USING NEURONS DERIVED FROM IPSCS
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Alzheimer’s disease is a neurodegenerative disorder affecting 5.4 million people nationwide and is the sixth leading
cause of death in America. Lack of any treatment for this disease has caused death rates to rise while advance-
ments in treatment for other leading causes of death in the United States have resulted in a statistically significant
decrease in death rates. Progress in the treatment of Alzheimer’s disease has been inhibited by an insufficient un-
derstanding of disease pathology. Human and murine models for investigation exist, but Alzheimer’s disease is a
human specific disease and acquiring neuronal cell lines from patients is difficult, expensive, and in short supply.
Given the circumstances, there is a clear necessity for an easily accessible system which allows for the study of dis-
ease pathology and drug treatment in a human cell model. Our use of induced pluripotent stem cell (iPSC) derived
neurons with mutations commonly found in individuals with Familial Alzheimer’s Disease (FAD) provides a unique,
in vitro - human cell model for pathological investigation of Neurofibrillary Tangles (NFT), aggregates of misfolded
tau protein, and Amyloid-B (AB) plaques, both of which play a significant pathological role in Alzheimer’s disease.
Murine in vivo investigations of NFTs have demonstrated prion-like propagation of tau aggregates through anatom-
ically connected nervous tissue. Consistent with disease progression, NFTs are associated with deafferentation and
eventual neurodegeneration via propagation through neural networks. Recent work has shown both axonal and
dendritic bulk-endocytotic uptake of aggregates, but the specific species, toxic processes, and mechanism of re-
lease into cellular cytosol and extracellular space remain largely unknown. Using iPSC derived neurons with FAD
defects; we explore tau pathology by comparing diseased lines to wild type (WT) controls via transformed expres-
sion of a fluorescently labeled, tau aggregate promoting plasmid. Preliminary data confirms mutant tau plasmid
induced aggregation in HEK 293T cells. Furthering this work through mutant tau plasmid transformation of iPSC de-
rived neurons, we expect to see different cellular responses between WT and FAD cell lines to the tau aggregates.
We anticipate the use of iPSC derived FAD and WT neurons as an in-vitro cell model will provide new insights in
Alzheimer’s disease pathology and treatment.
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DISEASE-SPECIFIC INDUCED PLURIPOTENT STEM CELLS AS A USEFUL STEM CELL MODEL FOR HUNTINGTON’S
DISEASE
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Huntington’s disease (HD) is a neurodegenerative disorder caused by an expansion of CAG tri-nucleotide repeats
that results in neuronal dysfunction and death. Neuronal death occurs in many brain regions, while degeneration

of DARPP-32* GABAergic neurons in the striatum underlies motor dysfunction in HD. Recently, several groups have

already reported the efficient differentiation of DARPP-32* GABAergic neurons from human embryonic stem cells
(hESCs) and human induced pluripotent stem cells (hiPSCs) of normal and HD patient fibroblasts. In this study, we
showed that normal and HD iPSC lines were successfully established and characterized from normal and HD pa-
tient fibroblasts carrying an expanded CAG triplet-repeat tract, respectively. In our experiments to confirm pluripo-
tency of normal and HD iPSCs using RT-PCR and immunocytochemistry, the expression of various pluripotent mark-
er genes and proteins, such as OCT4, SOX2, C-myc, KIf4, Nanog, SSEA4, and TRA-1-60, was similar to those of hESCs.

In our in vitro differentiation experiments, the normal and HD iPSC lines were differentiated into the DARPP-32*
GABAergic neurons using MS5 stromal feeder cells (MS5) and culture media containing various cytokines and small
molecules. The hiPSCs were differentiated into striatal GABAergic neurons, which were stained with various mark-
ers DARPP-32, GABA, GAD65/67, and BllI-tubulin. The normal hiPSCs were differentiated into approximately 87 %

BlIl-tubulin® (Tuj1*) neurons out of total cells, and were 86% GABA™ out of Tuj1* cells. The HD iPSCs were differenti-

ated into approximately 85% Tuj1* neurons out of total cells, and were 81% GABA™ out of Tuj1* cells. Interestingly,
however, we found distinct expression patterns of various GABAergic markers between normal and disease hiPSCs
in our RT-PCR experiments. Taken together, these results suggest that the pathogenesis of HD may be implicated to
different expression of key genes, and that our HD iPSC lines could be provided as useful stem cell models to study
the pathological mechanisms of HD and to screen the drug for HD disease treatments.
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HUMAN INDUCED PLURIPOTENT STEM CELLS FOR CELL REPLACEMENT THERAPY IN HUNTINGTON'S DISEASE.
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Huntington’s disease (HD) is a neurodegenerative condition caused by a mutation in the huntingtin gene (HTT). The
extended CAG repeat ultimately leads to loss of medium spiny neurons (MSNs) in the striatum of the HD brain.
Cell replacement therapy using primary human fetal tissue has shown ‘proof of principle’ as a strategy to treat this

genetically inherited diseasel. However, alternative cell sources need to be identified to overcome the ethical and
logistical issues that are associated with using human fetuses. Induced pluripotent stem (iPS) cells were first intro-
duced by Yamanaka in 2006 by direct reprogramming of fibroblasts to ES-like cells by using four defined factors

(Oct4, Sox2, Klfa, c-Myc)z. This landmark discovery paves the way to produce an unlimited cell source behaving
similarly to an ES cell. Human iPS cells have certain advantages for clinical application in that they overcome some
of the ethical issue associated with hES cell derivation, and may overcome immune rejection by opening the way
for autologous transplantation. Here we attempt to generate iPS cells suitable for safe clinical use by introducing

reprogramming factors using the piggyBac Transposon3'4 transduction system to human fetal fibroblasts and fetal
neural stem (FNS) cells. Fetal cells may be more readily reprogrammed to a pluripotent state and may retain “epi-
genetic memories” pertaining to their cells of origin, thus rendering them more ready to differentiate back to that
cell subtype. The generation of cells that are differentiated to precisely the same subtype lost in a specific condi-
tion is critical for functional benefit following transplantation of those cells into the brain. In this study, we have
derived iPS cell lines from human fetal whole ganglionic eminence (the putative striatum) and recently validated
their pluripotentcy and differentiation potential. To date, we have determined the pluripotential nature of one iPS
cell line using a range of measures, including a genetic profile. The established iPS cell line has properties similar
to human embryonic stem (ES) cells in morphology, surface antigen, and proliferation. We are applying a strategy
for removal of the transduction vector into the established primary iPS cell line to generate vector-free iPS cells to
directly differentiate into neural progenitor cells and ultimately MSNs-like cells by using published protocols, and
continue

to generate iPS cells from a variety of cell sources.
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JMJD3 NEGATIVELY REGULATES REPROGRAMMING THROUGH HISTONE DEMETHYLASE ACTIVITY DEPENDENT
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Although somatic cell reprogramming to generate inducible pluripotent stem cells (iPSCs) is associated with pro-
found epigenetic changes, the roles and mechanisms of epigenetic factors in this process remain poorly under-
stood. Here we identify Jmjd3 as a potent negative regulator of reprogramming. Jmjd3-deficient MEFs produced
significantly more iPSC colonies than did wild-type cells, while ectopic expression of Jmjd3 markedly inhibited re-
programming. We show that the inhibitory effects of Jmjd3 are produced through both histone demethylase-de-
pendent and -independent pathways. The latter pathway is entirely novel and involves Jmjd3 targeting of PHF20 for
ubiquitination and degradation via recruitment of an E3 ligase, Trim26. Importantly, PHF20-deficient MEFs could
not be converted to fully reprogrammed iPSCs, even with knockdown of Jmjd3, Ink4a or p21, indicating that this
protein exerts predominant effects on reprogramming. Our findings demonstrate a previously unrecognized role
of Jmjd3 in cellular reprogramming and provide molecular insight into the mechanisms by which the Jmjd3-PHF20
axis controls this process.
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ELUCIDATING REPROGRAMMING OF HUMAN FIBROBLASTS TO INDUCED PLURIPOTENT STEM CELLS (iPSCs)
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Reprogramming generates induced pluripotent stem cells (iPSCs), which are similar to embryonic stem cells (ESCs)
and possess the features of self-renewal and pluripotency. iPSCs offer great opportunities for the biomedical sci-
ences. They can be used as sources of autologous cell therapy, in vitro cellular models, and drug screening. The
successful use of iPSCs largely depends on the thorough understanding of the reprogramming process. Reprogram-
ming human somatic cells requires a long time, and yields a very heterogeneous population of cells which may not
be easily identified as bona-fide iPSCs. Thus, understanding how reprogramming occurs is critical to generate iPSCs
safely applicable in therapy. We have reprogrammed human primary fibroblasts to iPSCs using four reprogramming
factors (OCT4, SOX2, KLF4, and c-MYC). At weeks 1, 2, 3, and 4, we FACS sorted populations of cells using a com-
bination of cell surface markers (CD13, SSEA4, TRA160), and silencing of GFP-carrying four factor retrovirus. We
obtained around 1,000 - 20,000 cells for each sample, which were subsequently amplified and sequenced using
RNA-Seq technology.
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OCT4 INDUCES PLURIPOTENCY THROUGH THE MODULATION OF ASH2L-MEDIATED HISTONE 3 LYSINE 4
METHYLATION

Bing Liao, Junjie Gu, Ying Jin
Shanghai Jiao Tong University School of Medicine, Shanghai, China

Reprogramming somatic cells
into induced pluripotent stem cells (iPSCs) using defined factors represents a
groundbreaking achievement for stem cell research and regenerative medicine. However,



the efficiency of iPSC generation, particularly when using genome

insertion-free protocols, is very low, representing one of the major obstacles to
the therapeutic application of reprogrammed cells. Elucidation of the

mechanisms underlying induced pluripotency is important for the improvement of
reprogramming efficiency. Experimental evidence indicates that expression of

the 4 reprogramming factors (Oct4, Sox2, c-Myc and KIf4) at an optimal
stoichiometry is critical for efficient reprogramming, and that the Oct4 dosage

is a key parameter. Previous studies in our laboratory demonstrated that Wwp2,

a HECT-type E3 ubiquitin ligase, specifically mediates Oct4 ubiquitination and
represses transcriptional activity of Oct4. Furthermore, our results indicate

that Wwp2-catalyzed ubiquitinated Oct4 proteins are subject to degradation by
26S proteasomes during the differentiation process of pluripotent stem cells.

In this study, we identified 5 lysine residues on Oct4 as ubiquitin-conjugation

sites using mass spectrometry. Mutation of the 5 lysine residues abrogated
Wwp2-catalyzed Oct4 ubiquitin modification and enhanced the protein stability
of Oct4 in differentiated cells. Based upon these results, we hypothesized that
Oct4 defective in ubiquitin modification by Wwp2 might give rise to a higher reprogramming
efficiency than wild type Oct4. To test

the hypothesis, mutant Oct4 (Oct4-5R, the 5 lysine residues

were mutated to 5 arginine) or wild-type Oct4 (Oct4-WT) was introduced into MEF
(mouse embryonic fibroblasts) cells together with Sox2 and KIf4. Intriguingly, the
Oct4-5R containing cocktail led to a reprogramming efficiency 10 times higher
than that of the cocktail containing Oct4-WT. Consistently, Wwp2 null MEF cells
had a significantly higher efficiency in pluripotency induction than wild type

MEF cells, suggesting that Wwp2-mediated Oct4 ubiquitination represses pluripotency
induction in MEF cells, probably through down-regulating the level of ectopically
expressed Oct4 proteins. However, further investigation showed that the
enhancement in the protein stability of the Oct4-5R mutant could not entirely
account for its ability to improve the generation of iPSCs. Instead, we found that
the higher pluripotency induction efficiency elicited by Oct4-5R could be
attributed to the enhancement of Ash2l-mediated histone 3 lysine 4 methylation.
Therefore, this study not only opens a new way to improve iPSC generation but
also sheds light on the reprogramming mechanisms involving Oct4. Moreover, our
results reveal how the reprogramming factor coordinates with the epigenetic
regulator to control the induction of pluripotency.

W-2124
REACTIVATION OF X CHROMOSOME DURING HUMAN SOMATIC CELL REPROGRAMMING

Kun-yong Kim
Yale university, New haven, CT, United States

Induced pluripotent stem cells (iPSCs) are generated by reprogramming somatic cells with four transcription factors
(Oct4, Sox2, KlIf4, and c-Myc). Reprogramming causes fibroblasts to acquire an ESC-like epigenetic state, which in-
cludes expression of non-coding RNA, DNA and histone modification, and changes in X chromosome status. In re-
cent studies, human female iPSCs with one active X chromosome or two active X chromosomes were found, sug-
gesting that retention and reactivation of inactive fibroblast X chromosome could occur during reprogramming. X
chromosome status in human female iPSCs in very important for future applications in in vitro and in vivo studies,
but when and how the X chromosome reactivation (XCR) occurs during reprogramming is not yet fully understood.
Here, we set out to elucidate the X chromosome reactivation during reprogramming of human female somatic cells.
Interestingly, we found that there is a wave of transition in X chromosome status during and after reprogramming.



While cells actively undergoing reprogramming show the XCR, completion of reprogramming results in X chromo-
some inactivation, followed by XCR in select iPSC clones. Our findings show the dynamic X chromosome change
occurs during human female somatic cell reprogramming.
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REPROGRAMMING TO PLURIPOTENCY BY SALL4, NANOG, ESRRB AND LIN28 PRODUCES HIGH QUALITY IPSCS
WITH HIGH SUCCESS RATE AND DEFINES A MOLECULAR SIGNATURE OF IPSC DEVELOPMENTAL COMPETENCE

Yossi Buganim, Styliani Markoulaki, Batool Akhtar-Zaidi, Rudolf Jaenisch
WIBR, Whitehead Intitute, Cambridge, MA, United States

induced pluripotent stem cells (iPSCs) exhibit high variation in their developmental potential and a large proportion
of them are of low developmental capacity as measured by stringent pluripotency assays such as chimera form-
ation and tetraploid complementation assay (4n assay). As a result a large number of iPS colonies need to be
screened in an attempt to find a high quality iPS line. This problem is even more amplified in human cells because
they lack stringent pluripotency assays. Thus, finding a protocol that yields, with a high success rate, high qual-
ity iPSCs is an indispensable prerequisite for future iPSC-based therapy. Here we show that ectopic expression of
Sall4, Nanog, Esrrb and Lin28 (SNEL) in mouse embryonic fibroblasts (MEFs), although produced low number of
iPS colonies, generated with high efficiency high quality iPSC colonies as compared to Oct4, Sox2, KIf4 and c-Myc
(OSKM). SNEL-iPSC colonies contributed to high-grade chimaeras and produced “all-iPS” mice by 4n assay. Whole
genome transcriptional profile and bisulfite sequencing revealed distinct signatures of 1765 genes and 112 differ-
entially methylated regions (4n-DMRs) that robustly distinguish lines that are 4n proficient from those that are not.
Taken together, our results suggest that reprogramming factor combinations are critical determinants of iPSC qual-
ity and appropriate resetting to the pluripotent transcriptional and epigenetic states.
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PATIENT-DERIVED CONGENITAL ERYTHROPOIETIC (CEP) CELLS DISPLAY PHOTOSENSITIVITY DURING
REPROGRAMMING

Suzanna Katz!, Caroline Hendry2, Dung-Fang Lee?, Senkottuvelan Kadirvel?, Sonia Clavero-Villarrub3, David Bish-
op3, Robert Desnick3, lhor Lemischka?

APharmacology and Systems Biology, BDeve/opmenta/ and Regenerative Biology, CGenetics and Genomic Sciences,
11CAHN School of Medicine at Mount Sinai, New York, NY, United States

Congenital Erythropoietic Porphyria (CEP) is a rare disorder of heme biosynthesis caused by an autosomal recessive
mutation in the enzyme uroporphyrinogen Il synthase (URO-synthase), which results in deficiency of heme produc-
tion and the accumulation of porphyrins in the body. CEP is one of the most severe Porphyrias (a group of disorders
affecting the heme biosynthetic pathway), with symptoms beginning soon after birth or in early childhood. Skin
photosensitivity is one of the major clinical manifestation of porphyrin, resulting in severe blistering and scarring,
often to the point of disfigurement. Patient samples of two unrelated patients with CEP were obtained in order to
develop an in vitro disease model of CEP using stem cell technologies. Patients B1199 and B1340 have identical ho-
mozygous mutations that result in the most severe manifestation of CEP (resulting from <1% URQOS activity). Thus,
reprogramming fibroblasts from CEP patients into induced Pluripotent Stem Cells (iPSCs) would provide opportunit-
ies not only for greater understanding of disease pathobiology, but also for pharmacological testing and gene ther-
apy clinical applications. However, since iPSCs are thought to be in an ‘open’ chromatin state, it was reasoned that
promiscuous heme pathway activation would impede iPSC formation in CEP cells due to porphyrin induced photo-
sensitivity. In order to determine if iPSC formation is light sensitive, CEP (B1199) and WT fibroblasts were infected
with lentivirus and observed in light, dark, and UV conditions (daily exposure to 405nm light) during the reprogram-
ming process. After several weeks, ~5-fold less Nanog+ colonies were observed in the light conditions, whereas the
number of colonies from the WT cells remained the same. No colonies formed under the UV conditions, however



these conditions also drastically reduced the number of WT colonies too. Since photosensitivity was observed even
during the reprogramming of CEP fibroblasts into the pluripotent state, iPSCs have been made via Sendai virus for
the CEP Patients B1199 and B1340 in 100% dark conditions under far red light. This attempt yielded many colonies
per line, several of which have been picked and expanded to passage 14. Established patient-derived iPSCs will al-
low us to elucidate the mechanism of light sensitivity in CEP and provide the ability to test clinical interventions in
a safe and scalable way.
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USING HUMAN PATIENT SPECIFIC IPSC DERIVED EYE CUPS TO INTERROGATE AND TREAT INHERITED RETINAL
DEGENERATION

Budd A. Tuckerl, Robert F. Mullinsl, Arlene Drackl, Kristin Anﬁnsonl, Emily Kaalbergl, Edwin M. Stone?

1Ophthalmology, University of lowa, lowa City, IA, United States, ZOphthalmo/ogy, University of lowa, HHMI In-
vestigator, lowa City, IA, United States

Purpose: Retinitis pigmentosa (RP) is a genetically heterogeneous heritable disease characterized by apoptotic
death of light sensing photoreceptor cells. Mutations in as many as 100 different genes are predicted to cause this
disease. Many genes such as USH2A, are large and highly polymorphic and thus it is useful to be able to functionally
confirm potential new disease-causing mutations in retinal cells prior to development of gene and/or cell based
therapies. This is especially true for non-exomic mutations whose pathogenicity is difficult or even impossible to
confirm at the DNA level. The purpose of this study was to develop patient specific retinal tissue for the interroga-
tion of potential disease causing mutations and for development of new gene- and cell-based therapies.

Methods: iPSCs were generated via transduction of human keratinocytes, obtained from patients with USH2A-as-
sociated retinitis pigmentosa, using the transcription factors Oct4, Sox2, C-Myc and KLF4. iPSC potency was ana-
lyzed via ICC, WB, and teratoma formation. Capacity for retinal differentiation was determined via ICC, rt-PCR, and
WB analysis of recoverin, rhodopsin, ROM-1, R/G opsin, B-opsin, and tubulin. To determine the capacity for cellular
integration and photoreceptor maturation, subretinal transplantation into CRB1 null mice was performed. Patho-
genicity of USH2A mutations was determined via rt-PCR targeted against USH2A.

Results: iPSCs generated from a patient with suspected USH2A associated RP were generated. Following differenti-
ation, eyecups containing both RPE and neural retina were generated. Isolation, expansion and focused analysis of
the pigmented and non-pigmented layers of patient specific eye cups allowed us to confirm RPE and photoreceptor
cell lineage. Likewise transplantation of cells obtained from the neural retina into CRB1-null mice gave rise to newly
generated photoreceptor cells. Analysis of the USH2A transcript within the neural retina revealed that a suspected
splice site mutation within IVS40, induced exonification of the intron and insertion of a premature stop codon. In
addition, a novel mutation identified via next generation whole exome sequencing was also confirmed within the
iPSC derived neural retina of the patient.

Conclusions: By combining exome sequencing and induced pluripotent stem cell (iPSC) technologies we have been
able to definitively demonstrate the pathogenicity of two disease-causing mutations in a patient with late onset
non-syndromic USH2A associated RP. These findings have enabled us to proceed with patient specific studies fo-
cused on USH2A gene correction and photoreceptor cell replacement.
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STUDY OF MECP2 FUNCTION IN RETT SYNDROME-DERIVED INDUCED PLURIPOTENT STEM CELLS USING TALEN
TECHNOLOGY

lleana Slavinl, Pablo Perez-PineraZ, Charles A. Gersbachz, Jeanne Loring1
1The Scripps Research Institute, La Jolla, CA, United States, 2Duke University, Durham, NC, United States

Rett syndrome is a neurodevelopmental disorder caused by mutations in methyl CpG binding protein 2 (MECP2), a
gene located on the X chromosome. Affected females carry one mutant copy and one normal copy in each of their



cells; however, due to X-chromosome inactivation (XCi), in any given cell, either the mutant copy or the normal
copy is active, leading to mosaicism. The stochastic nature of X-inactivation results in a range of clinical severity, de-
pending on the fraction of cells in the brain that have inactivated the mutant versus the wild-type copy of MECP2.
This mosaicism, and the resulting heterogeneity in cellular phenotype, makes studies of MECP2 dysfunction in Rett
Syndrome patients challenging.

In order to develop an in vitro model of Rett syndrome to study the involvement of MECP2 mutations in neural
differentiation, function, and survival, we have generated iPSCs from dermal fibroblasts from 3 Rett syndrome pa-
tients. Several iPSC clones for each mutation were fully characterized for pluripotency and we determined the al-
lelic expression of the MECP2 gene. These iPSC lines were also differentiated along a neuronal lineage and shown
that all of them can become functional neurons.

X-chromosome inactivation often degrades over time during culture of iPSCs, resulting in cells that express both
copies of X-linked genes, which complicates their use as models for X-linked diseases. To overcome this problem,
we are using TALEN technology to target MECP2 in heterozygous female Rett iPSC lines to make paired isogenic
iPSC lines that are either homozygous wild-type or mutated cell lines, in which MECP2 expression will not depend
on XCi. These lines will be valuable tools to study the effects of the MECP2 mutations by comparing cells that are
genetically identical except for the mutation. The ability to correct the mutation may also allow us to investigate
the feasibility of gene therapy for treatment of Rett syndrome.

W-2131
GLOBAL GENE REGULATION BY METHYL CPG BINDING PROTEIN 2 (MECP2) IN PLURIPOTENT STEM CELLS

Yoshiaki Tanaka, Kun-Yong Kim, Mei Zhong, Xinghua Pan, Sherman M. Weissman, In-Hyun Park
Genetics, Yale School of Medicine, New Haven, CT, United States

Introduction

Rett syndrome (RTT) is one of the most prevalent female mental disorders. De novo mutations in methyl CpG bind-
ing protein 2 (MeCP2) are a major cause of RTT. MeCP2 regulates gene expression as a transcription regulator as
well as through long-range chromatin interactions. Because MeCP2 is present on the X chromosome, RTT is mani-
fested in a X-linked dominant manner. Murine MeCP2 null models and post-mortem human brain tissues have con-
tributed to understanding the molecular and physiological function of MeCP2. In addition, RTT models using hu-
man induced pluripotent stem cells derived from RTT patients (RTT-iPSCs) provide novel resources to elucidate the
regulatory mechanism of MeCP2. Previously, we obtained clones of female RTT-iPSCs that express either wild type
or mutant MeCP2 due to the inactivation of one X chromosome. Reactivation of the X chromosome also allowed
us to have RTT-iPSCs that express both wild type and mutant MeCP2. Recent studies showed that MeCP2 plays a
critical role in astrocytes, microglia and mesenchymal stem cell, suggesting the critical role of MeCP2 in non-neur-
onal cells is important. Using our unique pluripotent stem cells, we investigated the regulation of gene expression
by MeCP2 in pluripotent stem cells.

Results

We performed massively-parallel RNA sequencing (RNA-seq) in RTT-iPSCs from five different patients as well as
normal ESCs/iPSCs. Although the expression of MeCP2 is relatively lower in pluripotent stem cell compared with
neuron, our transcriptome analysis shows dysregulation of developmental genes in RTT-iPSCs. First, RTT-iPSCs ex-
pressing mutant MeCP2 lack several iPSC-specific genes, such as TMEM132D and FAM19A5. We also found that
MeCP2 mutation induces overexpression of mitochondrial respiratory chain-related genes, resulting in reduction of
apoptosis. In addition, even in pluripotent stem cell, MeCP2 mutation is involved in the regulation of genes related
with neuronal development, but each mutation affects a partly different set of genes. Furthermore, loss of function
in MeCP2 results in de-repression of genes on the inactive X chromosome.

Conclusion

These studies suggest that fundamental cellular physiology is affected by mutations in MeCP2 from very early fetal
development and that a therapeutic approach targeting to unique forms of mutant MeCP2 is needed.

W-2132



PERSONALIZING THE STUDY OF INFECTIOUS DISEASE: MODELING HEPATITIS C VIRUS USING INDUCED
PLURIPOTENT STEM CELLS

Robert E. Schwartz!, Kartik Trehanl, Linda AndrusZ, Timothy Sheahan2, Alexander Ploss2, Stephen Duncan3,

Charles Rice?, Sangeeta N. Bhatial
1Harvard—MIT Division of HST, Massachusetts Institute of Technology, Cambridge, MA, United States, 2The Center

for the Study of Hepatitis C, The Rockefeller University, New York, NY, United States, 3Medical College of Wisconsin,
Department of Cell Biology, Milwaukee, Wi, United States

Human pathogens are responsible for 90% of human disease and 32% of deaths worldwide. Improved understand-
ing of host-pathogen interactions will accelerate progress towards clinical therapy. The role that host genetics play
in the natural history of infection and response to clinical therapy is poorly understood. Person-to-person variations
in infection outcomes have long been appreciated, and genome-wide association studies are identifying predict-
ive genetic signatures for these outcomes. Despite this progress, it is not generally possible to elucidate the inter-
play between genetics and infection due to the lack of model systems that capture host genetics. Achieving “per-
sonalized medicine” for infectious disease, whereby it would be possible to stratify patients genetically to make
tailored clinical predictions and therapeutic recommendations, necessitates in vitro models that can systematically
be sourced from genetic backgrounds of interest. We leverage induced pluripotent stem cells (iPSCs), which open
the door to producing person-specific adult cell-types and tissues. We tested the feasibility of this experiment-
al paradigm for a clinically relevant pathogen; hepatitis C virus (HCV) in stem cell derived hepatocytes. iPSC were
differentiated towards hepatocyte-like cells (iHLCs) in a step-wise manner as exemplified by co-expression of mul-
tiple markers including albumin and alpha-1-antitrypsin, and secretion of liver-specific proteins. iHLCs were shown
to express host factors important for HCV infection including CD81, SRB1, claudinl, and occludin. iHLCs infected
with HCV demonstrate drug-sensitive viral replication. Transfer of supernatants from infected iHLCs to uninfected
cultures showed the transmission of infection, verifying that infected iHLCs produce infectious virions and thus
recapitulate the entire viral life cycle. Quantitative real-time PCR revealed that expression of inflammatory mark-
ers was up-regulated by HCV infection, demonstrating that HCV elicits a robust antiviral inflammatory response in
iHLCs, a critical aspect of HCV pathogenesis in vivo. Finally, iHLCs derived from LDLR knockout patients had dimin-
ished infection compared to iHLCs derived from normal patients. This demonstrates for the first time that iPS and
iPS derived hepatocyte-like cells can be used to explore the role that person-to-person variations play in HCV infec-
tion and more broadly viral pathogenesis.
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TCL1 OVEREXPRESSION HIGHLIGHT THE RELATIONSHIP BETWEEN PLURIPOTENCY AND TUMORIGENICITY

Tathiane M. Maltal, Virginia Picango-Castroz, Daniel G. Pinheirol, Elisa M. Russol, Evandra S. Rodriguesl, Rodrigo
A. Panepuccil, Dimas T. Covas?, Simone Kashima?l

Tyniv of Sao Paulo, Ribeirao Preto, Brazil, BRegional Blood Center of Ribeirao Preto, Tyniv of Sao Paulo, Ribeirao
Preto, Brazil

Induced pluripotent stem cells (iPS) provide an unprecedented platform to model human disease, to screen
for pharmacological molecules, and offer novel therapeutic strategy to generate patient-specific stem cell lines.
However, iPS cells, and ESCs as well, have a tumorigenic potential that represents an obstacle to the safe use of
pluripotent stem cell-based regenerative medicine therapies. Indeed, the relationship between tumorigenicity and
pluripotency is largely unknown, but it seems that they are very related process.

With this in mind, the aim of this study was to analyze the contribution of TCL1A for reprogramming and if it plays
a role in tumorigenicity. For this, we forced expression of TCL1A in fibroblasts and analyze their global expression
profile.

We cultured the TCL1 transduced cells in embryonic stem cell condition. Interestingly, we observed a change in
their morphology. The cells acquired a colony-like morphology with no defined edges. These cells were positive for



Nanog expression and negative for Oct4 and SSEA-4, by flow cytometry. The cells did not show alkaline phosphata-
se activity. Then, we used a microarray platform and found 3,491 genes (fold change greater than 2) that had been
activated and repressed in the transduced cells compared to the donor fibroblasts. When we looked for the most
represented molecular and cellular functions among the upregulated genes in TCL1-transduced cells, we found the
following functions: cell cycle; cellular assembly and organization; and DNA replication, recombination, and repair.
The upregulated genes included E2F1, E2F2, and CDK1. These finding suggest that TCL1 overexpression contributed
for cell proliferation, which is important for pluripotency induction and for tumorigenicity as well. Although we ob-
served SOX2 and SALL4 upregulation in TCL1-transduced cells, TCL1 alone was not able to activate pluripotency
pathway.

When we take into account the downregulated genes in TCL1-transduced cells we found cellular movement; cellu-
lar development; and cell-to-cell signaling and interaction as the most represented functions. Cellular development
encompassed genes related to epithelial-mesenchymal transition (EMT), including TWIST1, TWIST2, ZEB1, ZEB2,
and SNAI2. We also observed downregulation of COL1A1, COL1A2, ACTA2, and MMP9. Together with CDH1 upreg-
ulation, these findings indicate that TCL1 overexpression contribute to EMT/MET process, which is related both to
cancer and to pluripotency induction.

TCL1 was one of the 24 molecules tested by the first authors who derived iPS cells. It had been chosen because it is
overexpressed during embryonic development. TCL1 is also overexpressed in human malignancies, which highlight
the relationship of pluripotency and tumorigenicity. In fact, to induce pluripotency we need to induce self-renewal,
which is also a property of tumors. The safety of stem cell regenerative therapies depends on how we will be able
to control self-renewal and pluripotency and at the same time avoid tumorigenicity.

Although TCL1 seems not to contribute for pluripotency induction, it was able to induce molecular and cellular
functions that are important for the reprogramming process, reinforcing the relationship between tumor and pluri-
potency.
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INCOMPLETE TELOMERE REPROGRAMMING UNDERLIES DEFECTIVE SILENCING OF EXOGENES IN PORCINE IPS
CELLS

Guangzhen Jil, Kai Liul, Fang Wangl, Sarantis Gagosz, Lai Liangxue3, Lei Xiao4, Hongkui Deng5, Ning Li6, Lin Liul
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Sufficient telomere reprogramming and telomerase activation are critical for induction and self-renewal of pluri-
potent stem cells. Telomeres can be effectively reprogrammed and exogenous genes are fully silenced in mouse
and human induced pluripotent stem (iPS) cells. However, exogenous genes remained active in most of porcine
iPS cells generated in many laboratories thus far. We performed a systematic analysis of telomere length and
maintenance of various porcine iPS cells generated from different cell types using various methods. We show
that insufficient telomerase activation and incomplete telomere reprogramming were associated with many por-
cine iPS cell lines.

Porcine iPS cells at early passages (p5-10) with continuously activated exogenous genes exhibited telomere
elongation and activation of telomerase to various degrees, compared to their progenitor cells, and their te-
lomeres elongated or maintained during passages. Thus, sustained activation of exogenes appeared to improve
telomerase activity and facilitate telomere elongation. In contrast, porcine iPS cells with silenced exogenous
genes exhibited telomere shortening with increasing passages. Silencing or partial silencing of the exogenes was
found in rare porcine iPS cells at early passages, yet the exogenes became reactivated during passages and this
often was associated with insufficient activation of endogenous pluripotent genes and telomerase genes, leading
to increased telomere damages and chromosomal instability. Moreover, porcine iPS cells had higher frequency



of telomere sister chromatid exchanges and t-circles that are involved in telomere lengthening by recombination.
Nonetheless, they also showed increased frequency of telomere doublets, coincided with elevated telomere
dysfunction induced foci, indicative of telomere damages. Notably, porcine iPS cells with reduced expression of
pluripotent genes and telomerase genes exhibited increased frequency of DNA and telomere damages, which
also increased with the passage numbers. Severe damages to DNA and telomeres led to elevated genomic in-
stability as shown by abnormal karyotypes. The unique characteristics of porcine telomeres may partially ex-
plain failed telomere maintenance and reactivation of exogenes in porcine iPS cells during prolonged culture.
Since authentic porcine ES cells still are not readily available as standard references for comparing the expression
levels of pluripotent genes in porcine iPS cells, we speculated that exogenous genes remained to be activated
to compensate for insufficiently activated endogenous pluripotent genes and to maintain telomeres in porcine
iPS cells. Regardless of exogene inactivation, both telomerase-dependent and telomerase-independent mechan-
isms are involved in telomere reprogramming during induction and passages of porcine iPS cells. Further dissec-
tion of these pathways may help deeper understanding of telomere reprogramming and maintenance in porcine
iPS cells. Also, the improvement in the induction method and culture conditions is required to fully activate en-
dogenous genes and maintenance of telomeres, and thus will likely generate authentic pluripotent porcine iPS
cells.
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REGULATION OF WNT SIGNALING DURING ANDROGEN RECEPTOR-MEDIATED APOPTOSIS IN BOVINE TESTICULAR
INDUCED PLURIPOTENT STEM CELLS IN RESPONSE TO PHTHALATE ESTERS

Chia-Chen Ku?, Ying-Chu Linl, Yukio Nakamura?, Shigeo Saito?, Kazushige K. Yokoyama1
1Koahsiung Medical University, Kaohsiung, Taiwan, 2RIKEN BRC, Tsukuba, Japan

The induced pluripotent stem cells (iPSCs) were generated from bovine testicular cells by electroporation of Pou-
domain transcription factor Oct4. Supplementation with leukemia inhibitory factor and bone morphogenetic pro-
tein 4 maintained and stabilized the expression of stemness genes and pluripotency. Bovine iPSCs displayed the
normal karyotype and expressed alkaline phosphatase, SSEA-1, and SSEA-4. It expressed the stemness genes in-
cluding OCT4, NANOG, MYC, KLF4, SOX2, STAT3, DNMT1, SUZ12, and MEF2A, and differentiated into cell types
of all three germ layers in teratomas. We have also examined the effects of phthalate derivatives such as di-n-
butyl phthalate (DBP), butylbenzyl phthalate (BBP), and di (2-ethylhexyl) phthalate (DEHP). The addition of DEHP
repressed the expression of androgen receptor (AR) gene and the ability of iPSCs to commit to apoptosis. This was

mediated by increased expression of p21Cip1. DBP and BBP had no such effect. Loss of Wnt/B-catenin signaling, es-
pecially activities of the Frizzed receptor and Disheveled, was responsible for the effect of DEHP on AR-mediated
apoptosis. Thus, the iPSCs from testicular cells are useful for screening the toxicity of environmental disruptors in
terms of maintenance of stemness and pluripotency.
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ESSENTIAL ROLES OF TET1 IN MOUSE AND HUMAN PLURIPOTENCIES

Hidemasa Kato, Keiko Hiraki
Saitama Medical Univ, Hidaka, Japan

Mouse ESCs (mESCs) are largely accepted to have genuine self-renewing capacity and pluripotency. In contrast, hu-
man ESCs (hESCs) which are derived from the blastocyst but are more akin to the later epiblast-stage embryos show
some resistance and biases toward differentiation. Moreover, human iPS cells (hiPSCs) tend to have lower self-re-
newal capacity when compared to mESCs and even to hESCs. Why all these cell populations differ this much? We
here postulated that this could be because hiPSCs have not passed through a blastocyst-stage like other pluripo-
tent stem cells (PSCs). We focused on proteins which expressions are present in blastocysts but not in the ensuing
epiblasts. Tet1l was found to be such a protein. Our investigation indicated that Tet1 is involved in harnessing the
full differentiation potential of mESCs. Without Tet1, the differentiation of mESCs decelerates which leads to a dif-



ferentiation resistance. Also in the mouse, Tetl is only expressed up to the blastocyst stage. As the current method
for deriving hiPSCs stands, we believe that hiPSCs would have little chance to ever express TET1, which may explain
the differentiation defects of these cells. Therefore, we over-expressed TET1 in hiPSCs and its effects were studied.
By comparing wild-type hiPSCs and TET1-overexpressing hiPSCs (TET1-hiPSCs), we found that the self-renewal abil-
ity has been improved upon TET1 expression. Next, we tested the pluripotency of the TET1-hiPSCs. When assigned
to neuronal differentiation, these cells exhibited markedly higher efficiencies. Judging from the levels of SOX1, we
found a 60-times increase in its efficiency when compared to wild-type hiPSC differentiation. We therefore con-
cluded that the presence of TET1 reduces an inherent differentiation resistance of hiPSC, at least for the neural
lineage, educing the bona fide pluripotency of these cells. An important implication is whereas “full” pluripotency
may not strictly be necessary for life as judged by viable Tet1-KO mice, it is definitely needed for practical usages of
PS cells. Our results are suggestive that Tetl seems to be in charge of this “full” pluripotencies in both mouse and
human PS cells and its absence in human pluripotency strongly damages its practical usages.
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IMAGE-BASED IRREGULAR IPS COLONY DETECTION FOR INTELLIGENT AUTOMATED CELL CULTURE
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Pluripotent stem (PS) cell technology is the promising approach that widely expands the new approaches of phar-
maceutical discoveries and regenerative medicine. However, including the recent progress of iPS cell researches, it
still requires experienced technique to properly culture and maintains PS cells in stable undifferentiated status to
provide reliable outputs in further usages. In spite of the accumulating knowledge of stem cell markers for evaluat-
ing the cellular status, it is widely known that the “colony morphology” is one of the most reliable markers to mon-
itor or select the desirable PS cells. Commonly, PS cell colonies which clear and smooth edges with tight density
is an aspect of desirable PS cell status, and colonies with “irregular morphology”, which consist of various types of
irregular morphology, is known as the indication of undesirable PS cells. However, such morphological “definition
by words” could not always fully reflect the information that used in experts’ recognition. Together with the biases
of microscopic images, such as focus, brightness, view fields, timings, and etc., such image-based recognition was
left in the black box of cell culture experts.

Here we propose a new methodology that combines automated cell culture observation system together with the
colony morphology typing algorithm, which calculates the morphological feature data quantitatively, to automatic-
ally recognize the “irregular colony morphology” only from the images. Our data indicates that the morphological
type that we recognize by our algorithm is detecting the irregular genetic profiles that arise in populations of iPS
colonies.
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ENHANCED MAINTENANCE OF GENETIC INTEGRITY IN INDUCED PLURIPOTENT STEM CELLS

I-Chung Chen, John R. McCarrey
Biology, The University of Texas at San Antonio, San Antonio, TX, United States

During the past seven years, induced pluripotent stem cells (iPSCs) have revolutionized the stem cell field because
these cells can be directly generated from various types of differentiated somatic cells using viral transduction or
non-viral induction with pluripotency factor genes, RNAs or proteins, without the involvement of embryos. Thus,
iPSCs are viewed as a preferable source of patient-specific pluripotent stem cells for uses in future clinical applica-
tions. However, the fact that iPSCs are derived from differentiated somatic cells raises certain concerns about the



safety of their use for therapeutic applications. One concern is that differentiated somatic cells typically bear a sig-
nificantly greater mutational load than germ cells or early embryonic cells. Indeed, in our published and unpub-
lished studies we have used the Big Blue Transgenic Mouse (BBM) system carrying the lacl mutation-reporter trans-
gene to demonstrate that frequencies of spontaneous point mutations in differentiated somatic cells are signific-
antly higher than those in germ cells, early embryonic cells, and embryonic stem cells (ESCs). This raises a question
about the frequencies of spontaneous mutations in iPSCs and whether these will be more similar to the higher fre-
guencies found in the somatic cells from which the iPSCs are derived or the lower frequencies found in other types
of pluripotent cells which these cells resemble.

To test this question, we have generated iPSCs from mouse embryonic fibroblasts (MEFs) and adult tail-tip fibro-
blasts (TTFs) heterozygous for two different transgenes - 1) a drug-inducible cassette encoding four reprogramming
factors, and 2) the BBM lacl mutation-reporter transgene. We obtained twelve MEF-derived, twenty TTF-derived,
and six subcloned TTF-derived iPSC lines. All lines showed standard mouse ESC/iPSC colony morphology. Four MEF-
derived, four TTF-derived and one TTF-derived subcloned iPSC lines were characterized for expression of mouse
pluripotency markers, alkaline phosphatase, OCT4, SOX2, NANOG and SSEA-1, and found to be positive. Prelimin-
ary measurements of the frequency of spontaneous mutations in a population of MEFs and in an iPSC line derived
from these MEFs indicate the mutation frequency in the iPSCs is significantly lower than that in the MEFs. Analyses
of additional iPSC lines are underway. If we observe consistently lower frequencies of mutations in iPSCs than in
the somatic cells from which they are derived, it will suggest that enhanced maintenance of genetic integrity oc-
curs as a consequence of epigenetic reprogramming associated with converting differentiated somatic cells into
iPSCs, consistent with our primary hypothesis that pluripotency and enhanced maintenance of genetic integrity are
mechanistically linked at the genomic level.
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TAQMAN TRANSCRIPTOME ASSAYS FOR RAPID ASSESSMENT OF GENOME, EPIGENOME AND QUALITY OF
INTEGRATION-FREE INDUCED PLURIPOTENT STEM CELLS

Uma Lakshmipathyl, Rene Quintanillal, Andrew Fontesl, Jeffrey Fergusl, Candida Vazz, Vivek Tanavde?

1Primary and Stem Cell Systems, Life Technologies, Carlsbad, CA, United States, zBioinformaﬁcs Institute, A*STAR,
Singapore, Singapore

Pluripotent stem cells such as embryonic stem cells (ESC) and induced pluripotent stem cells (iPSC) are commonly
identified and characterized based on biomarker expression. Current methods rely on a combination of in vitro
and in vivo cellular methods to confirm pluripotency and tri-lineage differentiation potential. As the bottleneck in
efficiency of reprogramming is alleviated with faster and better reprogramming systems, there is a need for high
throughput characterization methods that allow for rapid confirmation of the quality of the resulting iPSC.
Molecular analysis platforms offer a quantitative, accurate and fast alternative to current methods and have re-
cently been utilized to qualify pluripotent stem cells. Several platforms are available for gene expression analysis
varying in content and complexity. To determine the optimal method and minimal set of genes required for defin-
itive characterization of pluripotency, we have utilized high density array, medium and low density TagMan® qPCR
arrays to compare expression pattern of partially reprogrammed clones and fully reprogrammed iPSC in comparis-
on to parental fibroblast and control embryonic stem cells. Results indicate that a focused set of genes in low and
medium density arrays can recapitulate the information obtained with large scale arrays with distinct clustering of
samples based on their pluripotency that correlated with cellular data. Further, this method was used to identify
unique genes that were expressed differentially between partially reprogrammed cells and true iPSC clones as well
as pluripotent cells and cells randomly differentiated via embryoid body formation.

Additional assays were carried in parallel to assess epigenome signature using TagMan® Array Human MicroRNA
Card and TagMan® assays for copy number variation. Comprehensive analysis of the resulting data indicates sim-
ilarities between the pluripotent clones but also detects subtle differences that can be further evaluated for their
impact on functionality and long-term stability.
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GENERATION OF DISEASE-SPECIFIC INDUCED PLURIPOTENT STEM CELLS FROM POLYCYSTIC KIDNEY DISEASE
PATIENTS

Wang Yangl, HuangJiahuil, Tian Shouful, Niu Xinl, Hu Binl, Guo Shangchunl, Chen Qinkai?

1Shanghai Jiao Tong University Affiliated Sixth People's Hospital, Shanghai, China, ZDepartment of Nephrology, The
First Affiliated Hospital of Nangchang University, nanchang, China

Abstract

Introduction: Autosomal dominant polycystic kidney disease (ADPKD) is a common, monogenic multi-systemic dis-
order characterized by the development of renal cysts and various extrarenal manifestation, affecting approxim-
ately 7 million people worldwide. Mutations in the PKD2 gene is responsible for ADPKD in 15% patients. Recent
studies have reported that induced pluripotent stem ( iPS) cells hold promise to develop cell therapies and study
disease mechanisms by genetic modification in vitro. So we selected the patients’ differentiated fibroblasts with
ADPKD for reprogramming of iPS cells line.

Methods: We screened a family with ADPKD, then obtained fibroblasts from the family members and a healty
donor. These fibroblasts were infected by retrovious vectors encoding the human transcription factors (oct4, sox2,
kif4 and c-myc) to generate iPS. Alkaline phosphatase staining was used to analyses the undifferentition phase of
the ADPKD-iPS. Immunocytochemistry and Flow cytometry analyses were performed to test cell surface markers
and pluripotency genes. Chromosomal G-band were used to analyses karyotype. Embryoid Body-mediatedand dif-
ferentiation and teratoma formation demonstrated that iPS cells could differentiate into three germ layers in vitro/
vivo. Sequence analysis of the whole PKD gene in the iPS line revealed a heterozygosity missense mutation.
Results: The ADPKD-ips cells exhibited morphology similar to human ES cells, characterized by large nuclei and
scant cytoplasm with distinct borders . All of the ADPKD-iPS cells were positive for alkaline phosphatase . ADPKD-iPS
cells were verified for the presence of cell surface markers (SSEA-4, TRA-1-60, TRA-1-81, Sox2, Oct4 ) and expressed
pluripotency genes OCT4 by Flow cytometry analyses. Chromosomal G-band analyses demonstrated that iPS cells
line had the same karyotype (46, XY) as the parent fibroblasts cells. Sequence analysis of the PKD2 gene confirmed
a heterozygosity missense mutation: a GGG to GAA mutation at exon 1,which has not been reported before.
Conclusions: Our results demonstrate successful iPS cells generation from patients with a history of PKD gene muta-
tion. iPS cells derived from ADPKD patients would provid a promising resource to study disease mechanisms, screen
novel drug compounds, and develop new therapies.
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GENERATION OF PORCINE IPS CELLS FROM ADIPOSE-TISSUE MESENCHYMAL STEM CELLS (PASCS) AND
IMPROVED MAINTENANCE AND PASSAGING BY THE USE OF INACTIVATED PASC AS FEEDER
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Adipose derived stem cells have been broadly used in cell therapy; however, they exhibit great limitations in
their potential of differentiation to specific cell types. In contrast, a more robust differentiation potential may be
achieved by reprogramming of somatic cells to a pluripotent state, such as induced Pluripotent Stem-Cells (iPSCs)
capable of differentiating a variety of cell types. AIM: The aim of the present work was to generate porcine iPSCs
(piPSCs) from Adipose-tissue mesenchymal Stem Cells (pASCs) and the evaluation of pASCs viability as feeder for
the generated iPSCs. METHODS: pASCs extracted from an adult pig were grown until passage 5 and then trans-
duced with a polysistronic lentiviral vector (STEMCCA). Two days after transduction, 2x104 cells were transferred
to a 35 mm dish coated with Matrigel (BD Biosciences, NJ, USA) and cultured with E8 (Invitrogen, CA, USA) com-



plemented with 0.5 uM sodium butirate (Sigma, MO, USA). Medium was changed every other day until day 10 and
every day until day 15-17. After picking, cells were cultured on matrigel coated dishes and medium was changed
daily. RESULTS: On day 17, after viral transduction, colonies with morphology resembling human embryonic stem
cells (hESCs) were manually picked. Nine of the 12 colonies selected grew until passage 4 and exhibited Alkaline
Phosphatase (PA) activity. These colonies exhibited growth characteristics similar to hESCs, except for a higher rate
of spontaneous differentiation (30%). After passage 4, two clones (piPSC-610 and piPSC-617) were selected to fur-
ther expansion. We tested the expansion with two types of feeder: inactivated mouse Embryonic Fibroblast (mEF)
at passage 5 and inactivated pASCs at passage 6. Feeders were plated at 0.4x103/mm?2. Both clones decreased the
spontaneous differentiation rate to 1-3%; however, pASC colonies took two passages to reach this value while mEF
colonies took 4 passages. Moreover, colonies in pASC grew quicker and displayed lower rates of cell death and dif-
ferentiation in the center of the colony compared to colonies grown in mEF. Finally, all colonies expressed molecular
markers (RT-PCR for endogenous OCT4 and SOX2; NANOG, DNMT3b, and DPPAS5) for the pluripotent state. Immun-
ofluorescence results demonstrated that piPSCs expressed stem cell markers OCT-4, NANOG, SSEA-4 and TRA-1-60.
Both clones formed embryoid bodies showing the markers of the three germ layers (NESTIN for ectoderm, DES for
mesoderm and NCSTN for endoderm). CONCLUSION: We believe we provided the first evidence for porcine iPSCs
generation from pASC and that pASC can be successfully used as feeder for piPSCs.

W-2144

MOUSE INDUCED PLURIPOTENT STEM CELLS TRANSPLANTATION RESCUE INJURED MOTONEURONS

Krisztian Pajerl, Csilla Nemes?, Sara Berzsenyiz, Antal Négra’dil, Andras Dinnyes2
1Department of Ophthalmology, University of Szeged, Szeged, Hungary, 2BjoTalentum Ltd, Godollo, Hungary

Plexus injuries often result in the avulsion of one or more ventral roots, leading severe loss of motoneurons. Novel
therapeutic approaches aiming to treat and alleviate the consequences of motoneuron death involve transplanta-
tion of stem cells, including induced pluripotent stem cells (iPSCs).

Here we report that mouse induced pluripotent stem cells are able to integrate in the host cord, rescue injured rat
host motoneurons and promote their regeneration following transplantation into the spinal cord.

Mouse iPSCs generated by purified reprogramming protein (KIf4, Oct4, Sox2 and c-Myc) transduction were trans-
planted into the caudal part of the lumbar 4 (L4) segment of Sprague Dawley adult rats following the avulsion of
the left L4 ventral root. The transplanted cells were mapped 5, 10 and 90 days after surgery using mouse specific
antibodies to detect neuronal marker M6, astroglia marker M2 and stage specific embryonic antigen-1 (SSEA1).

In the transplanted animals significantly more motoneurons survived and innervated the denervated hind limb
muscles compared with control animals. In the first 7 days after transplantation, the iPSCs expressed the neutrophic
factors (GDNF and NT-4) and pro- and anti-inflammatory cytokines (MIP-1 alpha and IL-10). From this time onwards,
iPSCs-derived neurons and astrocytes migrated throughout the L4 spinal segment. From day 10 after transplant-
ation, the microglial activity in the graft increased and after day 16, the iPSCs and they derivatives disappeared
completely from the spinal cord.

These data show that the mouse iPSCs differentiate into neurons and astrocytes in the injured spinal cord; express
a set of molecules that promote the survival and regeneration of adult motoneurons after avulsion.

This study was financed by EU FP7 (PartnErS, PIAP-GA-2008-218205; Resolve, FP7-Health-F4-2008-202047;
STEMCAM; PIAP-GA-2009-251186).
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C-FLIP PROTECTS HUMAN PLURIPOTENT STEM CELLS FROM TRAIL INDUCED APOPTOSIS
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Human pluripotent cells are extremely sensitive to DNA damage and undergo swift apoptosis upon DNA damage.
Whereas expression of intrinsic apoptotic pathway was investigated, virtually nothing is known about expression
and functionality of extrinsic apoptotic pathway in human pluripotent stem cells. We for the first time aimed to
characterize expression and functionality of extrinsic apoptotic pathway. We focused on TNF Related Apoptosis
Inducing Ligand (TRAIL) binding receptors in human embryonic stem cells (hESC) and human induced pluripotent
stem cells (hiPSC).

Two hESC lines and one line of hiPSC were assayed for presence of membrane bound TRAIL receptors (DR4, DR5,
DcR1, DcR2). Common pattern of expression of TRAIL receptors was observed among all investigated cell lines. Ap-
optosis inducing receptors DR4 and DR5 were found to be significantly expressed. We also found that intracellular
components of extrinsic apoptotic pathway components namely caspases 3, 8 and 10, Bcl2 family BH3-only pro-
teins (Bax, Bid) were found to be expressed in both hESC and hiPSC in comparable amounts. However when we
tested ability of TRAIL to induce apoptosis we observed little activation of caspases and negligible increase in pro-
grammed cell death in both hESC and hiPSC alike. In order to dissect molecular mechanisms underlying observed
TRAIL resistance cells were sensitized to TRAIL using proteo-synthesis inhibition. We found that increased sensitiv-
ity to TRAIL was accompanied by decrease of c-FLIP, inhibitor of caspase 8 activation, hinting at possible mechan-
ism. We functionally tested role of c-FLIP by construction of cell lines with c-FLIP knockdown and found pronounced
increase of apoptosis susceptibility upon TRAIL treatment in cells with decreased levels of cFLIP.

In this work we have for the first time mapped expression and functionality of TRAIL receptors and extrinsic apop-
totic pathway in two types of human pluripotent stem cells- human embryonic stem cells and induced pluripotent
stem cells. We found that irrespective of their origin human pluripotent stem cells are TRAIL resistant. Moreover
we show that reduction of c-FLIP removes this resistance to TRAIL what indicates important role of c-FLIP in regu-
lation of apoptotic signaling in human pluripotent stem cells.
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DEVELOPING A HUMAN INDUCED PLURIPOTENT STEM CELL DERIVED NEURAL STEM CELL MODEL OF
ENVIRONMENTAL IMPACT ON HUNTINGTON'S DISEASE REVEALS GENOMIC INSTABILITY DURING
REPROGRAMMING

Andrew M. Tidballl, Asad A. Aboudl, Reed Chamberlinz, Kevin K. Kumarl, Mihir V. Odakl, Bryan E. Cawthonl, Kevin

C. Essl, M. Diana Neelyl, Aaron B. Bowman?
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Large kindred studies have shown that environmental factors account for a large amount of variability in Hunt-
ington’s disease (HD) age at onset. Our lab has generated human induced pluripotent stem cell (hiPSC) lines from
control subjects and patients with Huntington’s disease using episomal-vector based reprogramming methods. We
have validated independent lines from each of 4 controls and 4 HD patients to confirm loss of the reprogram-
ming vectors (PCR), normal genomic structure (karyotyping), conformity of microarray data to known hiPSC profiles
(pluritest), and expression of pluripotency genes (QRT-PCR and immunostaining). During our stringent process of
validating the quality of our lines, we found a statistically significant increase in the propensity for karyotypic ab-
normalities in lines generated from patients with HD versus controls. A large majority of the abnormalities we have
seen are common to human pluripotent cell lines including trisomy 12 and i(20)(g10), but we also see inversions,
translocations, and deletions not typical to these cells. The abnormalities were not accounted for by the genom-
ic integrity of the fibroblasts used to generate the iPSCs. We use the Yamanaka et al (Kyoto University) published
reprogramming protocol that includes a p53 shRNA, known to decrease genomic integrity during reprogramming.
We are currently reprogramming the same cell lines without the p53 shRNA to test for a disease-dependent effect
on the rate of karyotypic abnormalities.

We have also differentiated our hiPSCs into early striatal neural progenitors adapting methods developed by the
Studer (Sloan Kettering Institute) and Zhang (University of Wisconsin) labs. Using a recombinant protein-free small
molecule based protocol, we can differentiate cultures >90 % PAX6+/FOXG1+/ISL1+ confirmed by immunostain-



ing and quantitative RT-PCR from both control and HD hiPSCs. We are currently exploring the toxicological profiles
of pathologically-relevant toxicants (heavy metals and pesticides) on the striatial neural progenitors differentiated
from our control and HD hiPSCs as well as lines from individuals with mutations to the PARK2 gene. Increased sens-
itivity to a particular neurotoxicant provides evidence for a possible disease x environment interaction and permits
future mechanistic studies examining toxicant mode-of-action and how it relates to HD pathology. In addition, we
will also perform a meta-analysis comparing this study to a parallel study in floor plate neural progenitors gener-
ated from the same hiPSC lines treated with the same toxicants (See poster Neely et al).

Support: NIH F31 NSO077632 and RO1 ES016931
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INDUCED PLURIPOTENT STEM CELLS REDUCE AIRWAY HYPERRESPONSIVENESS AND ALLERGIC REACTION IN
SENSITIZED MICE

Shih-Jie Chou?, Shih-Hwa Chiou?
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pital, Taipei, Taipei, Taiwan

Background: Allergic disorders have increased substantially in recent years. Asthma is characterized by airway dam-
age and remodeling. Induced pluripotent stem cells (iPSCs) are embryonic-like cells derived from adult somatic
cells by transduction of defined transcription factors. These cells have potential for multi-lineage differentiation
and provide a resource for stem cell-based therapies. However, the therapeutic potential of iPSCs in allergic dis-
eases and airway hyperresponsivenesss has not been investigated.Objective: The aim of this study was to evaluate
the effect of iPSC transplantation on allergic reaction and airway hyperresponsiveness in a murine asthma mod-
el.Methods: BALB/c mice were sensitized with alum-adsorbed ovalbumin (OVA) and then challenged with aerosol-
ized OVA. PBS or iPSCs were then intravenously injected after inhalation. Serum allergen-specific antibody levels,
airway hyperresponsiveness, and cytokine production in spleen cells and bronchoalveolar lavage fluid (BALF) were
then examined.Results: Treatment with iPSCs effectively suppressed both Th1l and Th2 antibody responses, which
was characterized by reduction in serum allergen-specific IgE, 1gG, 1gG1, and IgG2a levels as well as in interleukin
(IL)-5 and interferon-y levels, and increased secretion of IL-10 in BALF and in OVA-incubated splenocytes. In ad-
dition, transplantation of iPSCs also significantly attenuated allergic airway hyperresponsiveness.Conclusion: Ad-
ministration of iPSCs not only inhibited Th1 inflammatory responses but also had therapeutic effects on systemic
allergic responses and airway hyperresponsiveness. We conclude that iPSC transplantation is a potential modality
for treating allergic reactions and bronchial asthma.
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USING INDUCED PLURIPOTENT STEM CELL TECHNOLOGY TO MODEL IDIOPATHIC PULMONARY FIBROSIS

Daniel Sivalingaml, Preethi Vijayarajl, Katherine Chungl, Saravanan Karumbayaramz, Zoran Galic, Brigitte Gomperts1
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Idiopathic pulmonary fibrosis (IPF) is a debilitating disease that is characterized by chronic, progressive, irreversible fibrosis
of the lung interstitium. There is no treatment for this devastating disease except lung transplantation. Our scientific under-
standing of the biology and pathogenesis of IPF is severely lacking. It is likely the result of a complex interplay of genes and
environment. Previous work has identified that the loss of lung epithelial cells together with the proliferation of fibroblasts
that grow in their place is a major hallmark of IPF. It is unknown however whether the fibroblasts are causing the “die off” of
lung epithelium or if the “die off” is caused by another mechanism and triggers the hyperproliferation of fibroblasts. These
fibroblasts accumulate as foci that lay down excessive extracelluar matrix, causing excessive tissue remodeling, increasing
the stiffness of the lungs thereby making it difficult for gaseous exchange. We believe that in studying the complex interplay
between these two cells type that we may gain a great deal of insight into the pathogenesis of IPF and its progression. The
most widely used bleomycin rodent model to study IPF results in fibrosis that is self-resolving, and therefore is not a relevant
model of IPF. Induced pluripotent stem cells (iPSC) have been used to model other complex diseases including Alzheimer’s
disease and Duchenne Muscular Dystrophy, where genes and environment play a role in disease pathogenesis; however, iPSC
have not yet been used to model IPF or any other fibrotic disorder.

Our approach to advance our understanding of IPF is to utilize cellular reprogramming to model IPF in combination with a
thorough genetic analysis of the disease. Our approach utilizes healthy donor and IPF patient-specific lung and skin tissue to
generate induced pluripotent stem cells (iPSC) using the traditional four transcription factors.. We confirmed pluripotency of
the iPSC lines by teratoma formation and immunofluorescence for pluripotency markers. In addition, all iPSC lines were found
to be karyotypically normal.

Cells re-derived from spontaneous differentiation of iPSC’s were enriched for fibroblasts and the identity of the cells were
confirmed using fibroblast / mesenchymal markers like CD44 and vimentin. We have successfully re-differentiated the iPSC’s
from two IPF and control lines into fibroblasts. Remarkably, the re-derived fibroblasts from the IPF patient samples spontan-
eously generated fibrotic foci that were positive for a-smooth muscle actin and laid out excessive extracellular matrix as seen
from trichrome staining. We are currently experimenting with culture conditions to replicate a-smooth muscle actin-express-
ing fibrotic foci in other IPF samples.

We are also generating alveolar type | and type Il cells from the iPSC’s in order to be able to co-culture the epithelial and
fibroblast cells to identify interactions between the cell types that could accentuate the phenotype in a dish. To this end, we
successfully differentiated iPSC into definitive endoderm with 70% of cells expressing CXCR4 and generated anterior foregut
endoderm with expression of TBX1 and PAX9. We are now developing methods to expand the lung bud Nkx2.1+ pool of cells
to create lung epithelial progenitors.

Following the generation of a reproducible disease model, our next approaches are to use the model as a drug-screening plat-
form and to gain further insights into the molecular mechanisms of the disease.
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GENERATION OF INDUCED PLURIPOTENT STEM CELLS WITHOUT SUPPRESSION OF p53

Nelson F. Lizier, Irina Kerkis
Genetics, Butantan Institute, Sao Paulo, Brazil

Induced pluripotent stem (iPS) cells appeared as an alternative to embryonic stem (ES) cell, which allowed to overcome ethical
problems of embryo destruction and to obtain patient matched pluripotent stem cells for the future therapies. Our group
isolated a unique neural crest-derived population of immature dental pulp stem cells (IDPSC) widely multipotent, not tum-
origenic, which maintain their “stemness” for several serial passages in vitro. Here, we used IDPSC as an alternative source
for iPS cells. IDPSC is a very attractive cell type that can be easily isolated from an assessable, privileged and non-painful
source. Using four Yamanaka’s factors we easily derived iPS cells from IDPSC, which were named for IDPSC-iPSC. Reprogram-
ming of IDPSC occurred under feeder-free condition, making simple pluripotent colony harvest and avoiding future problem
of zoonosis. Such reprogrammed cells present all characteristics of human ES cells especially in respect of differentiation ca-
pacity. IDPSC-iPSC generated teratomas into nude mice demonstrating wide range of differentiated tissues. It was reported
that suppression of p53 gene increase efficiency of reprogramming suggesting its use as an improvement tool. IDPSC strongly
express p53, however they showed high reprogramming efficiency (2.8%). The suppression of p53 is dangerous because iPS
cells, which may carry genetic aberration, but showing normal iPS cells morphology can be obtained. Thus IDPSC derived iPS



cells present advantageous cell type for future therapies since they maintain the expression of p53 suggesting that
IDPSC-iPSC could be safer for application in stem cells therapies.
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CHARACTERIZATION OF iPS CELLS AND HEMATOPOIETIC CELLS FROM AN ICF SYNDROME TYPE2 PATIENT
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ICF syndrome is an extremely rare autosomal recessive disorder characterized by symptoms of immunodeficiency,
chromosomal instability, and face deformity caused by DNA methylation abnormality. Defect of humoral immunity
such as B lymphopenia with hypo y-globulinemia is commonest immunodeficiency of the syndrome, followed by
cellular immunodeficiency due to T- and/or NK lymphocyte dysfunction. Such combined immunodeficiencies fre-
guently cause fatal opportunistic infections. DNMT3B gene mutation is known as only cause of ICF syndrome type
| (ICF1). Recently, ZBTB24 gene was identified as a responsible gene of ICF syndrome type 2 (ICF2). We have es-
tablished induced pluripotent stem (iPS) cells from a 40-year-old ICF2 male patient to clarify ZBTB24 function in
hemato/lymphopoietic differentiation from induced pluripotent stem (iPS) cells.

iPS cell clones of an ICF2 syndrome patient were established from peripheral blood mononuclear cells (PBMC) by a
sendai viral vector containing yamanaka-4-factors. Differentiation potential of the ICF2 iPS cells into hemato/lymph-
opoietic cell lineage was determined by co-cultivation method with suitable stromal cell. DNA methylation status
at several hematopoietic stages was also determined.

Induction efficiency of ICF2 iPS cells by sendai-viral vector was equal to that of healthy volunteer’s. Truncate muta-
tion of ZBTB24 was confirmed in PBMC and iPS cells of the patient, but the specific chromosome aberration was
detected only in PBMC. Though genomic DNA of ICF2 iPS cells were confirmed to be hypomethylated, their pro-
liferation and teratomagenesis potentials were not different to normal iPS cells, but showed decreased sensitiv-
ity to radiation induced cell death. When they were differentiated into hematopoietic lineage, smaller number of
hematopoietic stem cells (HSCs) can be obtained from ICF2-iPSCs. When they were stimulated by hematopoietic
cytokines, large number of ICF2 HSCs stayed in GO phase. Those results may suggest cell cycle associated role of
ZBTB24 in hematopoietic differentiation.

Further cellular and molecular profiles of ICF2 iPS cells and their hemato/lymphopoietic derivatives will be dis-
cussed in the presentation.
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The advent of induced pluripotent stem cell (iPSC) technology has raised the possibility that patient-specific human
iPSCs (hiPSCs) could become a renewable source of autologous cells for cell therapy without the concern for im-
mune rejection.. However, the immunogenicity of cells derived from hiPSCs has never been examined. To rigorously
address this issue, we optimized a humanized mouse model (denoted Hu-mice) reconstituted with functional hu-



man immune systems, which can mount vigorous T-dependent immune responses to human cell transplants. We
demonstrate that these Hu-mice can effectively reject tissues derived from allogenic human embryonic stem cells
(hESCs). By deriving integration-free hiPSCs autologous to the human immune system reconstituted in Hu-mice,
we evaluated the immunogenicity of cells derived from hiPSCs with both teratomas assay and in vitro differenti-
ated cells. Our findings indicate that different tissues derived from hiPSCs exhibit differential immunogenicity to
the autologous human immune system.
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THE ACQUISITION OF SOMATIC MUTATIONS IN HUMAN INDUCED PLURIPOTENT STEM CELLS
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Defined transcription factors can induce epigenetic reprogramming of adult mammalian cells into induced pluripo-
tent stem cells (iPSCs). Recent studies have revealed that iPSC lines contain fixed point mutations after the process
of reprogramming. However, the source of and mechanism behind these reprogramming-associated mutations re-
mains unclear. It is unknown if mutations occur during the reprogramming process or are inherited from culture
mutations in the progenitor cell population. Here we characterize in detail the origin of these mutations using a
combination of whole-genome sequencing and targeted exome sequencing approaches. Using whole-genome se-
guencing data generated from small fractions of newly reprogrammed iPSC colonies, their three resultant iPSC
lines, and their original progenitor cell line, we show that two-thirds of reprogramming-associated mutations pre-
exist at low frequency in progenitor cells. We additionally demonstrate that pre-existing mutations and novel line-
specific mutations are enriched for separate sets of epigenetic markers. We also show through repeated subcloning
and targeted exome sequencing of three low-passage iPSC lines and one embryonic stem cell (ESC) line that iPSC
genomes are relatively stable and uniform at the point mutation level during short-term culture, and that clonal
expansion of single iPSCs does not inherently introduce mutations. Taken together, these results indicate that most
iPSC mutations arise due to the culture of progenitor cells, and cannot be avoided using alternate reprogramming
techniques. These results demonstrate the importance of genomic characterization of iPSCs prior to either in vitro
or in vivo usage. Our findings will lead to a greater understanding of the origin of reprogramming-associated point
mutations and will aid in the development of safe iPSCs for clinical use.
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PURIFIED DISTAL LUNG ALVEOLAR EPITHELIUM DERIVED FROM HUMAN INDUCED PLURIPOTENT STEM CELLS
REPOPULATE DECELLULARIZED LUNG SCAFFOLD

Mahboobe Ghaedi, Laura E. Niklason
Department of Anesthesia and Biomedical Engineering, Yale University, New Haven, CT, United States

It is postulated that the use of induced pluripotent stem (iPS) cells may be the most effective strategy to develop
patient-specific respiratory epithelial cells that may be valuable in lung-related cell therapy and lung tissue engin-
eering. To explore whether lung tissue can be regenerated in vitro, a relatively homogeneous population of alveolar
epithelial type Il (AETII) and type | cells (AETI) was generated from human iPS cells which had phenotypic properties
similar to mature human alveolar type Il and type | cells. Up to 97 % of cells were positive for surfactant protein C,
95% for Mucin-1, 93% positive for surfactant protein B, and the vast majority (89%) of the cells expressed the epi-
thelial marker CD54. Additionally, more than 90% of AETI were positive for the type | marker, T1la and Caveolin-1.
Acellular lung matrices were prepared by treating whole rat or human adult lungs with decellularization agents,
and alveolar cells derived from human iPS cells were cultured on the acellular rat or human lung matrices in a lung
bioreactor culture system. Under appropriate culture conditions, these progenitor cells adhered to and proliferated
within a 3D lung tissue scaffold, displayed hierarchical organization within the matrix, and displayed multiple mark-
ers of differentiated pulmonary epithelium
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RESIDUAL UNDIFFERENTIATED CELLS DURING DIFFERENTIATION OF INDUCED PLURIPOTENT STEM CELL IN VITRO
AND IN VIVO

Wei Ful, Shujun Wangz, Wenjie Zhangz, Guangdong Zhou?, Wei Liu?, Yilin Cao?
lDepartment of Pediatric Thoracic and Cardiovascular Surgery, Shanghai Children's Medical Center, Shanghai Jiao
Tong Univ Sch of Medicine, Shanghai, China, 25hanghai Jiao Tong Univ Sch of Medicine, Shanghai, China

Induced pluripotent stem (iPS) cells are a potential cell source for regenerative medicine. However, the tumorigen-
icity of iPS cells is a big concern for clinical application. In addition to the genetic manipulation of the reprogram-
ming process and the greater risk of tumor formation, it is unclear if iPS cells with normal development potential
are still tumorigenic. Here we investigated three mouse iPS cell lines, including one line that is able to generate full-
term mice via tetraploid blastocyst complementation. We found that a small number of undifferentiated iPS cells
could be steadily isolated and expanded following long-term differentiation of cells in

vitro or in vivo. The residual undifferentiated iPS cells could be expanded and re-differentiated, and undifferentiated
pluripotent stem cells could again be isolated after further rounds of differentiation, suggesting that residual un-
differentiated iPS cells could not be eliminated by extended cell differentiation. The residual undifferentiated cells
could form teratomas in

vivo, indicating that they are a potential tumorigenic risk during transplantation. These findings prompt us to re-
consider the strategies for

solving the tumorigenic problem of iPS cells, not only focusing on improving the reprogramming process.
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A HIGHLY REGERATIVE ANIMAL, PTYCHODERA FLAVA, REVEALS A ROLE IN REGENERATION FOR EVOLUTIONARY
RELATIVES OF OCT4 AND NANOG.

Keith Weiser, Tom Humphreys
Institute for Biogenesis Research, University of Hawaii, Honolulu, HI, United States

Oct4 and Nanog are well known for their roles in maintenance and induction of a pluripotent state. In vertebrates,
this activity is restricted to cells of the inner cell mass and primordial germ cells. These genes are also able to initiate
a state of induced pluripotency in mature cells. We have identified candidate orthologs of Oct4 and Nanog in a
highly regenerative hemichordate marine animal, Ptychodera flava. P. flava is notable for its ability to completely
regenerate missing anterior and posterior body axes on bisection. No bilateral animal with a head and tail capable
of extensive regeneration is more closely related to humans. The Oct4 candidate ortholog, PfPou3f3/4 shares 75%
amino acid identity with human Oct4 within the conserved homeodomain and Pou domains. Allowing for conser-
vative substitutions, the similarity is 85% over 127 amino acids and PfPou3f3/4 is the P. flava gene most similar to
Oct4 and homologs from other species. Likewise, PfMsxlx is the P. flava gene most similar to vertebrate Nanogs. In
situ hybridization of regenerating P. flava reveals expression of PfPou3f3/4 and PfMsxIx proximal to the blastema
during regeneration and no expression in uninjured animals. The regenerating blastema presumably contains the
pluripotent cells that will regenerate the missing body half and expression of orthologs of vertebrate pluripotency-
associated genes may indicate a role for these genes in inducing or maintaining a pluripotent state during regener-
ation. PfPou3f3/4 is able to maintain expression of several Oct4-driven stem cell genes such as Zfp42 (Rex1), Fgf4,
and KIf4 in mouse ES cells in the absence of Oct4 expression. Like Oct4, over-expression of PfPou3f3/4 reduces Wnt
signaling in p19 embryonic carcinoma cells. Due to the sequence similarity and functional similarities, we believe
that PfPou3f3/4 is an evolutionary relative of Oct4. We further hypothesize that PfPou3f3/4 has a function in re-
programmeg cells to a multipotent or pluripotent state in regeneration. This may indicate that the reprogramming
activity of pluripotency genes represents vestiges of a regenerative program that has been lost in vertebrates.

W-2158



REPROGRAMMING TO PLURIPOTENCY CAN CONCEAL SOMATIC CELL CHROMOSOMAL INSTABILITY

Liviu Malureanu, Masakazu Hamada, Tobias Wijshake, Wei Zhou, Jan van Deursen
Biochemistry and Molecular Biology, Mayo Clinic, Rochester, MN, United States

One of the concerns regarding the safe use of induced pluripotent stem cells (iPSCs) in therapeutic applications is
loss of genomic integrity, a hallmark of various human conditions and diseases, including cancer. Structural chro-
mosome defects such as short telomeres and double-strand breaks are known to limit reprogramming of somat-
ic cells into iPSCs. Reprogrammed cells have successfully been generated from somatic cells that undergo stable
inheritance of an abnormal number of chromosomes, such as Down syndrome. This implies that aneuploidy (an
abnormal number of chromosomes) is not a barrier to reprogramming. However, the extent to which defects that
promote the continuous reshuffling of whole chromosomes during mitosis, a condition referred to as whole chro-
mosome instability (W-CIN), interfere with efficient reprogramming of somatic cells is unknown.

To begin to address the impact of numerical chromosome instability on stem cells we examined the impact of two
distinct W-CIN gene defects on somatic cell reprogramming.

We selected MEFs derived from BubR1 (BuleH/H) and RanBP2 hypomorphic (RanBPZ'/H) mutant mice for our
studies because their aneuploidy rates are similar (36% and 33% aneuploid cells at passage 5, respectively) al-
though the aneuploidization is driven by entirely different mechanisms. To induce reprogramming to pluripotency,

Oct-3/4, Sox2, and KIf4 expression constructs were introduced in P5 wild-type, BubR1 H/H, and RanBP27H MEFs by
retroviral transduction.

Here we demonstrate that MEFs with W-CIN gene defects fully reprogram to iPSCs with similar efficiency as wild-
type MEFs but with highly contrasting outcomes on chromosome number integrity and stability: BubR1 hypo-
morphic iPSC clones preferentially originate from aneuploid MEFs, while RanBP2 hypomorphic iPSC clones prefer-
entially stem from MEFs with normal diploid chromosome numbers, indicating that aneuploid cells can be selected
for or against during reprogramming depending on the genetic defect driving the chromosome number instabil-

ity. The observation that Bubr1H/M aneuploid MEFs preferentially dedifferentiate raises the possibility that BubR1
might be a key component of a surveillance pathway that prevents aneuploid cells from reprogramming. Knowing
that BubR1 levels decrease with aging, we hypothesize that reprogramming of somatic cells from elderly individu-
als into karyotypically normal and stable iPSCs may be particularly challenging. Our data uncovered the fascinating
concept that a W-CIN gene defect (RanBP2 hypomorphism) responsible for severe aneuploidization in somatic cells
can become dormant upon reprogramming, indicating that testing of both iPSCs and the iPSC-founding cells for
chromosome number instability will be necessary for the safe application of iPSC technology in regenerative medi-
cine.
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THE DEVELOPMENT OF SMALL SCALE SINGLE-USE BIOREACTOR SYSTEM FOR HUMAN INDUCED PRULIPOTENT
STEM CELL

Masanori WADAL, Katsuhisa MATSUURAZ, Yoichi ISHIKAWAL, Tatsuya SHIMIZU?2, Teruo OKANO?

IR and D section, ABLE Corporation, Tokyo, Japan, 2Institute of Advanced Biomedical Engineering and Science,
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 have developed the bioreactor system which are capable of the stirred
suspension culture of the inoculated single iPS cells in the aggregates condition. This system is also capable of op-
erating eight 100mL bioreactors simultaneously, and controlling culture condition individually.

[Material and method]



At first the stirrer designs including pitched 6 blade impeller and delta shape paddle impeller were compared in
terms of the hiPSC growth in suspension culture. The optical DO sensor and the small pH electrode were used in
order to suppress the turbulent flow inside a reactor. The single cell suspension were prepared from 2D on-feeder
culture and inoculated into 100mL bioreactor (2x1075cells/mL). The cell aggregates were collected after the stirred
suspension culture for 4 days, and dissociated into the single cells by using Accumax. Then the obtained single cells
were re-inoculated into the bioreactor, and stirred suspension culture was performed up to 5 passages. The num-
ber of cells, and the number and size of aggregates were measured in every passage. The undifferentiated property
of the expanded iPS cells was evaluated with the flow cytometric analysis.

[Results and discussion]

Although the culture using 6 pitched blade impeller failed to promote the aggregate formation and expand human
iPS cells, the culture using the delta shape paddle impeller enabled to create a lot of aggregates 200 to 300 mi-
crometer diameter in the cultivation for 4 days. Furthermore the number of cells increased 5 times (1x10”8cells)
to the number of inoculated cells. The similar cell growth rate was observed for 4 days in each culture after the
passage (1-5 passages). When obtained cell suspension was inoculated on the culture dish, hiPS cell specific colony
formation was shown. The flow cytometric analysis revealed that more than 95% of population holded undifferen-
tiated ability in all the passages. Collectively, we established the methods for the expansion of human iPS cells with
undifferentiated state.
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GENERATION OF NEURONS FOR THE STUDY OF BIPOLAR DISORDER OF OLD ORDER AMISH PEDIGREE

Kwi Hye Kiml, Rosamund Smithz, Rachelle J. GaIvin3, Laurence Daheron4, Steven M. Paul5, Kalpana M. Merchant!
ATailored Therapeutics-Neuroscience, BRegenerative Biology, ‘Quantitative Biology, 1Eli Lilly and Company, Indiana-

polis, IN, United States, 2Havard Stem Cell Institute, Harvard University, Cambridge, MA, United States, 3Weill Cor-
nell Medical College, New York, NY, United States

Bipolar disorder (BPD), also known as manic-depression, is a brain disorder manifested as unusual shifts in energy,
activity level, and mood. According to the World Health Organization, bipolar disorder is the 7th leading cause of
non-fatal burden in the world. Patients often show their first symptoms during late teens or early adult ages. The
disease severely hinders their ability to perform daily tasks. Available treatments produce only partial responses
and none cure the disease.

It is known that BPD runs in families, suggesting a role of genetic factors. However, the molecular mechanism(s)
leading to BPD is poorly understood. To develop a cellular model that enables studies of molecular and functional
mechanisms associated with BPD, fibroblasts from Old Order Amish pedigrees with high incidence of BPD and the
emerging technology of induced pluripotent stem cells (iPSCs) have been utilized.

Fibroblasts from twelve individuals, representing six patients and a corresponding unaffected sibling, have been re-
programmed to iPSCs. Reprogrammed iPSCs have been characterized for their pluripotency. Established iPSCs were
differentiated into neuroprogenitors and to neurons. Their differentiation states have been characterized by im-
munocytochemical analysis and quantitative real time polymerase reaction. The iPSC derived neurons here will be
the foundation to study molecular mechanism of BPD in an in vitro model system.
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USING HUMAN IPSC-DERIVED NEURAL CELLS FROM GENETICALLY RELATED INDIVIDUALS TO UNDERSTAND
BIPOLAR DISORDER

Jon Madisonl, Fen Zhouz, Aparna Nigamz, Ali Hussain3, Doug Barker4, Ralda Nehmel, Karlijn van der Ven1, Jenny
Hsu?, Steven Sheridan®, Laurence Daheron®, Roy Perlis®, Pamela Sklar’/, Stephen Haggarty8

1Broad Institute/Harvard University, Cambridge, MA, United States, 2Harvard University / Broad Institute, Cam-
bridge, MA, United States, 3Harvard University/Broad Insitute, Cambridge, MA, United States, 4Broad Institute,



Cambridge, MA, United States, >Massachusetts General Hospital, Boston, MA, United States, ®Harvard University,

Cambridge, MA, United States, ’Mount Sinai School of Medicine, Cambridge, MA, United States, 8Broad Institute/
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Bipolar disorder represents a significant burden to patients, families and society. Despite evidence for high heritab-
ility, the underlying etiology and pathophysiology of this psychiatric disorder remains poorly understood. The ge-
netic landscape of psychiatric disorders is complex and existing approaches that model changes in small numbers
of genes across development are not well suited to capture the multiple genetic factors interacting in an individual
to cause disease risk. Advances in stem cell biology allow one to capture this genetic complexity in induced pluripo-
tent cells (iPSCs) derived from patient fibroblasts and then differentiate them into disease-relevant cell types. This
approach will enable the investigation of functional variation that contributes to risk for psychiatric disorders and
the development of phenotype-based assays for use in high throughput small molecule and RNAi screens. To begin
to develop an iPSC based platform to investigate psychiatric disorders, we reprogrammed a family of fibroblasts
from a larger kindred segregating several forms of psychiatric illness including Type | bipolar disorder. We anticip-
ated reprogramming a family would help control for phenotypic variability between individuals due to background
heterogeneity. This family consisted of two healthy parents and their two bipolar sons. Our genetic analysis of these
fibroblasts showed there were no gross genetic lesions. Subsequently, we derived 3 independent iPSC lines from
each individual. Based on several criteria, including gene expression analysis (Pluritest) and teratoma formation,
all 12 iPSC lines were shown to be pluripotent. From each iPSC line we used adherent monolayer neural induction
cultures and fluorescence activated cell sorting to establish comparable populations of proliferative neural progen-
itor cell lines (NPCs). While we were able to establish three independent NPC lines from each of the unaffected
parents, we were only able to establish NPCs from one out of three lines for each of the sons with bipolar disorder.
Furthermore, the NPC lines we were able to establish from the bipolar sons showed decreased proliferation as as-
sayed by BrdU incorporation. While each of the established NPC lines was capable of differentiating into neurons as
defined by immunocytochemistry using lineage-specific markers, NPC lines derived from both bipolar disorder sons
exhibited decreased numbers of neurons. We used several quantitative gene expression approaches to determine
if the differences in establishment of NPCs were due to differences in differentiation capacity. We were unable to
find a correlation between a cell line’s ability to generate NPCs and a decrease in general differentiation capacity or
neural differentiation capacity. Finally, we were able to rescue the proliferation defect of the bipolar disorder NPCs
using a GSK3 small molecule inhibitor capable of activating the WNT pathway _ a known target of the mood sta-
bilizer, lithium, which is used clinically to treat bipolar disorder. Taken together, our results suggest that these iPSC
derived NPCs from bipolar individuals have a neurodevelopmental defect in the establishment or maintenance of
iPSC-derived NPCs. We anticipate these approaches will provide novel insights into the etiology of these complex
psychiatric disorders and paths toward novel targeted therapeutics for their treatment.

Research support provided by: NIMH (R33MH087896, RO1IMH091115), Stanley Medical Research Institute
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HUMAN IPSC-DERIVED MOTOR NEURONS, AN ATTRACTIVE MODEL FOR BOTULINUM NEUROTOXIN DRUG
DISCOVERY

Morgan A. Hrones, Dejan Caglic, Tobin J. Dickerson
Chemistry, The Scripps Research Institute, La Jolla, CA, United States

Botulinum neurotoxin A, (BoNT/A) the causative agents for botulism, is documented as the most toxic proteins
known to man, with a lethal dose of 1 ng/kg of body weight. Produced by the bacterium Clostridium botulinum,
BoNT/A is currently regarded as one of the top six agents for bioterrorist use due to its long lasting effects of flaccid
paralysis, relative ease in production, and ability to be aerosolized for mass intoxication in locations containing
dense populations. In order to further our overall understanding behind this intracellular mechanism and to in-
crease our accuracy with leads for future intracellular BONT/A inhibitors, stem cells are an ideal model for BoNT/A
intoxication studies. Stem cells, unlike other cellular models, produce large quantities of motor neurons and use
guantities of BONT representative of in vivo conditions. Thus, a suitable reporter has been prepared for detection of



BoNT/A intracellular activity containing the SNAP25 protein, the native substrate for BONT/A, and two fluorescent
proteins. These two fluorescent proteins allow the detection of BoNT intracellular activity via a change in fluores-
cence resonance energy transfer (FRET). Preliminary data has shown that two more traditionally used fluorescent
proteins, namely CFP and YFP, are somewhat functional in cell lines, however, the low efficiency of FRET poses
an issue for accurate detection. Thus, CFP and YFP have been exchanged with Clover and mRuby2, since this nov-
el fluorescent pair has been documented to have higher FRET efficiency and dynamic range. After confirming the
functionality of our reporter in a less sensitive model, namely a Neuro2A cell line, transfection of human induced
pluripotent stem cells (hiPSCs) with the newly made construct allows us to engineer stem cells that give rise to mo-
tor neurons stably expressing our reporter of interest. Observing the actual cleavage of SNAP25 ultimately enables
us to conduct small molecule screening campaigns with more accurate leads for future drug development that pos-
sess the ability to block intracellular activity of BONT/A.
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AP-1 TRANSCRIPTION FACTOR JDP2 POTENCIATES THE GENERATION OF MEDULLOBLASTOMA CANCER STEM
CELLS FROM INDUCED PLURIPOTENT STEM CELLS

Kazushige K. Yokoyamal, Chia-Chen Kul, Jian-Yi Lil, Nein-Chi Wul, Yu-Ting Yenl, Shyh-Shin Chiouz, Yukio
Nakamura3, Shigeo Saito?
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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 p19Arf—Md—

m2-p53-p21-cyclin/CDK or p16'”k4a-cyclin/CDK-RB-EZF. Clinical studies of medulloblastomas indicate that JDP2
might be a tumor suppressor gene candidate because normal granule cells express significant levels of JDP2, where-
as cancer cells do not. Thus, we generated three different induced pluripotent stem cells (iPSCs) from human med-
duloblastoma cancer cells (DAOY1) using Lenti-virus encoded standard 4 factors (4F; Oct4, KIf4, Sox2 and c-Myc)
and 2 factors (2F; Oct4 and 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 (lymphoid 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.
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SANGER HUMAN INDUCED PLURIPOTENT STEM CELLS REPRESENT A DISTINCT PLURIPOTENT STATE WITH
BIOLOGICAL CHARACTERISTICS SIMILAR TO MOUSE EMBRYONIC STEM CELLS

David J. Ryan, Wei Wang, Jian Yang, Fengtang Yang, Beiyuan Fu, Pentao Liu
Wellcome Trust Sanger Institute, Cambridge, United Kingdom

Introduction: From rodent studies it is clear that pluripotency is a dynamic state. Preimplantation and postim-
plantation embryos yield two distinct pluripotent states, naive and primed respectively. To date, embryonic stem
cells with characteristics of ground state pluripotency have not been derived from human embryos. Human em-
bryonic stem cells seem to represent a pluripotent state more akin to the mouse primed state. Does the naive
state exist in non-rodent species? If so, then is the naive state a transient metastable entity? How can we identify
and capture this entity in humans? We sought to use cellular reprogramming as a means to interrogate this ques-



tion.Methods: Our published 6 factor reprogramming platform was used to generate Sanger Human induced pluri-
potent stem cells (SH-iPSCs) from human dermal fibroblasts. Reprogramming factors (OCT4, c-MYC, SOX2, KLF4,
LRH1, and RARG) were delivered using episomal vectors or piggyBac mediated transposition of doxycycline indu-
cible constructs. Generated lines were characterized for pluripotency gene / protein expression, loss of reprogram-
ming plasmids / silencing of transgenes and in vitro / vivo differentiation. Parameters supportive of naive pluripo-
tency in mouse including X chromosome reactivation, immune privilege and biallelic nanog were tested.Results:
Karyotypically normal, LIF dependent SH-iPSCs were produced which expressed the key pluripotency genes, had
no detectable expression of exogenous factors and were competent for three germ layer differentiation. RNA FISH
demonstrated two HPRT signals and no XIST cloud. Biallelic Nanog was also demonstrated on RNA FISH. During dif-
ferentiation, reversibility was seen with appearance of XIST and loss of one HPRT signal. Expression profiling of X
linked genes demonstrated dosage compensation during differentiation. Consistent with the immune privilege of
the early embryo, SH-iPSCs had little MHC Class 1 expression suggesting a more immature phenotype.Conclusion:
Sanger human induced pluripotent stem cells represent a distinct pluripotent state with properties similar to those
of mouse embryonic stem cells. This cell type may be useful for studying early human development, including, the
regulation of X chromosome inactivation during gastrulation.
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MODELING CFC SYNDROME USING PATIENT-SPECIFIC IPS CELLS

Kyu-Min Han, Yong-Mahn Han
KAIST, Daejeon 305-701, Korea, Republic of

Cardio-Facio-Cuteneous (CFC) syndrome shows various kinds of early developmental defects, including craniofacial
dysmorphology, cardiac problem, mental retardation, and short statue. Most of CFC syndromes have mutations in
RAS-MAPK signaling, thereby resulting in elevated ERK activity. However, little is known about how elevated ERK
signaling is related to the patient's phenotypes at the cellular level. Here, patient-specific iPSCs were generated
from dermal fibroblasts of CFC patient carrying c.770A>G mutation on BRAF gene by ectopic expression of OCT4,
SOX2, NANOG, and c-MYC. CFC-iPSCs expressed pluripotent markers at transcription and protein levels with normal
karyotypes. As a result, we found that abnormal embryoid body maintenance in CFC-iPSCs might be caused by mis-
localization of beta-catenin. CFC-iPSCs will be useful for studying the early developmental defects of CFC syndrome.
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EPIGENETIC MEMORY OF IPS CELLS HELPS IMPROVE DIFFERENTIATION EFFICIENCY INTO RETINAL PIGMENT
EPITHELIUM

Vaisakh Rajan, Janine Davis, Ruchi Sharma, Rafael Villasmil, Fang Hua, Qin Wan, Kiyoharu Miyagishima, Sheldon
Miller, Kapil Bharti
NEI, NIH, Bethesda, MD, United States

Epigenetic Memory of iPS Cells Helps Improve Differentiation Efficiency into Retinal Pigment Epithelium

Vaisakh Rajan, Janine Davis, Ruchi Sharma, Rafael Villasmil, Fang Hua, Qin Wan, Kiyoharu Miyagishima, Sheldon S.
Miller, and Kapil Bharti

National Eye Institute, National Institutes of Health, Bethesda, MD

Retinal degenerations are one of the leading causes of blindness in the US. Several forms of retinal degenerative
diseases are caused by developmental or functional defects in the retinal pigment epithelium (RPE), a polarized
monolayer of cells located in the back of the human eye. RPE functions to maintain the health and integrity of ret-
inal photoreceptors, thus maintaining vision. Stem cell technology provides the possibility of developing in vitro
disease models, cell-based therapies, and platforms for drug screenings. RPE can be differentiated from pluripo-
tent stem cells. However, the differentiation efficiency is low and varies between different stem cell lines. We have
used combination of a developmentally guided protocol and the “epigenetic memory” of induced pluripotent stem
(iPS) cells to significantly improve the efficiency of differentiation into RPE. To harness the full potential of “epi-



genetic memory”, we generated iPS cells from primary human fetal RPE (hfRPE) using the four pluripotentency
factors SOX2, OCT3/4, KLF4, and c-MYC. These iPS cells were differentiated into RPE-like cells using a development-
ally guided protocol that modulates TGF, WNT, FGF, and Nodal pathways. Differentiation efficiency of iPS cells de-
rived RPE was checked using immuno-labeling and FACS analysis of three RPE-specific markers PAX6, MITF and
TYROSINASE. The three markers are expressed in all the cells suggesting a differentiation efficiency of up to 100%.
Our preliminary analysis shows that RPE derived from hfRPE derived iPS cells closely resemble primary RPE at mo-
lecular and physiological levels. We are currently performing a thorough molecular and physiological authentica-
tion of these cells. In conclusion, we have developed a protocol that efficiently differentiates iPS cells into RPE. This
protocol will provide the basis for developing improved disease models and effective therapies.

W-2171

EFFECTS OF SOMATIC CELL OF ORIGIN ON NEURAL INDUCTION FROM HUMAN INDUCED PLURIPOTENT STEM
CELLS

Gunnar Hargusl, Marc Ehrlichl, Marcos J. Arauzo-Bravoz, Jeong Beom Kim3, Tanja Kuhlmannl, Hans R. Schblerz,
Holm Zaehres?
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Epigenetic memory in induced pluripotent stem (iPS) cells in regard to their donor cell type of origin could lead to
variations in their differentiation capacities. We have generated iPS cells from human neural stem cells (NSC iPSC)
and human cord blood derived CD34+ hematopoietic stem cells (CD34+ iPSC) as well as fibroblasts (Fib iPSC) and
evaluated their potential to differentiate into neural precursor cells and into more mature neural cell types (Hargus
et al., 2010, PNAS).

We performed whole genome expression analysis on enriched populations of nestin-positive and sox1-positive
neural precursor cells from NSC iPSC, CD34+ iPSC and Fib iPSC and carried out an analysis of neural marker expres-
sion in terminally differentiated cells. Here, we found that neuronal differentiation was comparable and not signific-
antly different between iPSCs derived from different somatic cell sources (NSC iPSC: 31,9%; CD34+ iPSC: 30,2%; Fib
iPSC: 28,4% Blll-tubulin-positive neurons over all cells). In addition, we determined methylation patterns of neural
genes in iPSC and human ES cells to decipher epigenetic memories.

Our data indicate that epigenetic differences in human iPS cell lines generated of different donor cell type of origin
(ectodermal neural versus mesodermal blood cells or fibroblasts) seem to have moderate impacts on neural pre-
cursor cell generation, but do not have a significant impact on their terminal neuronal differentiation potential.
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MODIFICATIONS IN THE EXPRESSION OF HDACS AND DNMTS IN HUMAN NEURAL STEM CELLS INDUCED BY
REPROGRAMMING AND LOW OXYGEN TENSION

llona Szablowska-Gadomska, Martyna Podobinska, Leonora Buzanska
Mossakowski Med Res Ct, Warsaw, Poland

Modifications in the expression of HDACs and DNMTs in human neural stem cells induced by reprogramming and
low oxygen tension

llona Szabtowska-Gadomska, Martyna Podobinska, Leonora Buzanska

NeuroRepair Department, Mossakowski Medical Research Centre, Polish Academy of Sciences, Warsaw, Poland;
To better understanding the reprogramming and differentiation process in human neural stem cells we aimed to
look at the mutual relationship between pluripotency regulatory network and epigenetic process at different oxy-
gen conditions. Thus the expression of pluripotency genes, hypoxia inducible factors, histon deacetylases and DNA
methyltransferases have been tested in HUCB-NSC (Human Umbilicar Cord Blood — Neural Stem Cell) line at diffrent
developmental stages. Our previous data have shown that the low oxygen tension promote maintenance of undif-



ferentiated state of HUCB-NSC and is beneficial for their proliferation and activate Oct4 and Nanog genes in time of
cultivation and developmental stage dependent manner. Cells incubated in all tested oxygen conditions expressed
HIF 1 alpha and HIF 2 alpha, however expression of HIF 3 alpha was not detected. Elevated expression of HIF2a, but
not HIFla is correlated with the induction of pluripotency, but only after prolonged incubation of HUCB-NSC in low
oxygen. It also enhanced neural commitment of HUCB-NSC as shown by elevated MAP2 accompanied by HIF1 ex-
pression. In this report genes involved in epigenetic modulations, such as HDAC1, HDAC2, DNMT3a and DMNT 3b,
have been tested for their expression at different developmental stages of HUCB-NSC: in reprogrammed to pluri-
potency or kept in culture as neurally committed population. The induced pluripotent cells and neurally committed
population have been both incubated in low oxygen tension condition. Our results show, that in neurally committed
HUCB-NSC expression of HDAC2, DNMT3a and DMNT 3b was significantly lower than in pluripotent stem cells and
ESC reference material. Induced pluripotent stem cells revealed significantly higher expression of two genes HDAC1
and HDAC2 as compared to ESC and differentiated cells. Our results did not indicated linear correlation between
the expression of HDACs and DNMTs and cell developnental stages, however pluripotency regulatory network and
epigenetic process at different oxygen conditions are highly interdependent.

Sponsored by grant from Polish MSRHE Nr N N302 597838, MMRC statutory funds and EIT Technology Park
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GENERATION OF INDUCED PLURIPOTENT STEM CELLS FROM CHARCOT-MARIE-TOOTH TYPE 2F PATIENTS AND
DIFFERENTIATION INTO NEURONAL CELLS
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Charcot-Marie-Tooth (CMT) disease is a genetically and clinically heterogenous disorder causing chronic distal mo-
tor and sensory neuropathy. CMT type 2F is caused by point mutations of heat shock protein beta-1 (HSPB1) gene
and their disease mechanisms are not fully elucidated yet. To overcome limitations of handing human neuronal
cells in vitro, we generated CMT2F-specific iPSCs and differentiated into neuronal cells. iPSCs from normal controls
and patients showed characteristics of colony morphology and expressed stem cell markers such as Nanog and
SSEA4, and alkaline phosphatase. To verify functional pluripotency of stem cells, iPSCs were randomly differenti-
ated into three germ layer cells in vitro. Then, iPSCs were directly differentiated into neuronal cells with retinoic
acid (RA), sonic hedgehog (Shh), brian-derived neurotrophic factor (BDNF) and glial cell-derived neurotrophic factor
(GDNF). Here, we generated neurons derived from CMT2F-specific iPSCs for the first time which can be a promin-
ent material to study disease phenotypes and drug screening.

W-2174

MODELING HEREDITARY HEMOCHROMATOSIS USING INDUCED PLURIPOTENT STEM CELLS.
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Mutations in the HFE gene underlie the pathogenesis of Hereditary Hemochromatosis (HH), the most common in-
herited liver disease. We employed our STEMCCA lentiviral reprogramming vector to derive iPSCs from several pa-
tients with HH carrying distinct HFE mutations. The iPSC lines expressed the pluripotency markers SSEA-4, Tra-1-60
and Tra-1-81, displayed a normal karyotype, and were capable of efficient differentiation into hepatocyte progenit-
ors expressing albumin, AFP, HNF4a and the HH-related genes HFE and hepcidin. Notably, HH-iPSC derived hepato-
cyte progeny expressed lower levels of hepcidin compared to normal cells, providing a potential experimental plat-
form to study the disease phenotype in vitro. Furthermore, we engineered and validated Transcription Activator-
like Effector Nucleases (TALENs) targeting the HFE locus in order to generate gene-corrected HH-iPSC lines for both
disease modeling and cell replacement therapies.
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EFFICIENT GENERATION OF EQUINE MOTOR NEURONS FROM INDUCED PLURIPOTENT STEM CELLS.
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High fidelity models of neurogenesis are necessary to better understand mammalian development and disease.
Equine motor neuron disease (EMND), comparable to the human disease, is currently untreatable and often results
in euthanasia on ethical grounds. In contrast to humans, in vitro models of equine neurogenesis do not exist. Pluri-
potent stem cell populations have enormous potential in disease modelling given their ability to form derivatives of
the three germ layers found in the developing embryo. While a promising notion, the isolation of equine embryonic
stem cells has thus far proved elusive and therefore it has been necessary to explore other alternatives to generate
pluripotent stem cell populations. Induced pluripotent stem cells (iPSCs) are generated by reprogramming somatic
cells to an embryonic state. Therefore iPSCs represent an extremely valuable tool for modelling disease and organ
toxicity, with enormous potential in veterinary medicine. In this study, we describe the generation of iPSCs from
equine keratinocytes and their efficient and robust differentiation into motor neurons.

Skin biopsies from a 5-month old foal were used to derive keratinocyte cultures. These cells were then transduced
with retroviral constructs coding for murine Oct-4, Sox-2, c-Myc and KIf-4 sequences, following the original Yaman-
aka protocol. Following transduction, tight cell colonies were generated that had sharp boundaries, stained positive
for alkaline phosphatase and resembled previously reported human iPSCs. The reprogrammed cells were success-
fully maintained in feeder free and serum free conditions with LIF supplementation for 40 passages. Immunochem-
istry and qPCR analyses revealed the iPSCs lines expressed pluripotency markers expressed in equine embryonic
stages including, Oct4, Sox2, SSEA1, Lin28, Nanog, Rex1, Tert and Dnmt3b. Equine iPSCs were able to form em-
bryoid bodies and to differentiate into derivatives of the three germ layers in vitro as indicated by expression of
lineage-specific markers including alpha-Fetoprotein (AFP) and Gata-4 (endodermal), Nestin and Neuron specific
class Il Beta Tubulin (Tubb3) (ectodermal), and vimentin and smooth muscle actin (mesodermal). Equine iPSCs
were pluripotent in vivo as demonstrated by the formation of teratomas consisting of tissue derivatives of all three
lineages such as bone, cartilage, pulmonary epithelium and mature neurons in SCID mice. Importantly, in addi-
tion to its ability for spontaneous differentiation, equine iPSCs were amenable to efficient and robust directed dif-
ferentiation into neuronal tissue. Equine iPSCs were successfully induced to differentiate into neurospheres form-
ing extensive neuronal projections and synapses which stained for neuronal markers including Tubb3, Map2, Syn-
apsinl and Choline acetyl transferase (ChAT). In addition, gene expression analysis with qPCR revealed expression
of Foxgl, Pax6 and Nestin during induced neurogenesis, followed by up regulation of ISL1, a potent and specific
inducer of motor neurons, during terminal differentiation. In conclusion, we report for the first time the generation
of equine neurons in vitro, providing, also for the first time, demonstration of the potential of iPSCs in equine bio-
medicine. The ability to derive motor neurons in vitro opens the way for new and exciting applications in equine
regenerative medicine and reveals highly conserved pathways of differentiation across species.
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GENERATION OF INDUCED PLURIPOTENT STEM CELLS (IPSC) FROM PATIENTS WITH FAMILIAL OSTEOCHONDRITIS
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Background



Familial osteochondritis dissecans (FOCD) is an autosomal dominant connective tissue disorder characterised by
disturbed chondro-skeletal development, disproportionate growth and deformation of the skeleton in affected
family members. A recent study indicated that a missense mutation in the aggrecan C-type lectin domain is re-
sponsible for impaired matrix assembly and function in FOCD cartilage.

Objective

Previously, attempts have been made to isolate bone marrow derived mesenchymal stem cells (MSCs) from FOCD
patients in order to study the organisation of extracellular matrix during chondrogenesis. The isolation was diffi-
cult and yields of MSCs were low. Therefore the objective of this study was to generate FOCD specific iPSC-derived
MSCs to use as a study model for FOCD.

Methods

FOCD-iPSC lines were generated from skin fibroblasts of two FOCD patients by ectopic expression of Yamanaka
Factors (Oct4, Sox2, KIf4, c-myc) that were encoded in retroviral vectors. To assess the pluripotency of induced
hESC-like colonies, semiquantitative RT-PCR, immunocytochemistry, flow cytometry, teratoma formation in vivo
and karyotype analysis were performed. Two non-patient iPSC lines were used as positive controls in all of the
above experiments.

The disease phenotype was characterised in FOCD-iPSC lines by DNA sequence analysis in order to validate the
disease related mutation. To generate the iPSC-derived FOCD model, FOCD-iPSCs were differentiated into MSC-like
cells by isolating and expanding the outgrowth cells from the embryoid bodies (EBs). Positive and negative makers
for MSCs were analysed by flow cytometry. Multipotency was assessed by chondrogenesis, adipogenesis and os-
teogenesis assays. Alizarin Red staining and Oil red O staining were used to detect calcium and fat in the differenti-
ated cultures. Toluidine blue staining and dimethyl methylene blue (DMMB) assay were performed to detect acidic
proteoglycan and to quantify GAG production in chondrogenic pellets.

Results

Seven hESC-like colonies were obtained from donor 1 and three hESC-like colonies were obtained from donor
2. Two colonies were randomly selected to represent each patient, named as FOCD1-2, FOCD1-30, FOCD2-9 and
FOCD2-13. These colonies were expanded in culture, characterized then differentiated. The results of characteriza-
tion of FOCD-iPSC lines indicated that retroviral reprogramming factors were silenced in all the cells and each FOCD-
iPSC displayed a normal karyotype. Secondly, endogenous pluripotency markers (OCT4, SOX2, NANOG, SSEA4 and
TRA1-81) were positively expressed in iPSCs. iPSCs were injected into SICD mice, after 6 weeks all of cells were able
to form teratomas containing tissues from the three germ layers. In addition, the disease relative mutation was
found to remain in all four patients’ iPSCs.

For the generation of iPSC-derived FOCD model, iPSCs were differentiated into MSC like cells. The analysis of flow
cytometry showed that the majority of the FOCD-MSC preparations were CD73, CD90 and CD105 positive and
CD19, CD34 and HLADR negative. In addition, differentiation assays indicated that all FOCD-iPSC-derived MSC like
cells were capable of differentiating into chondrocytes, osteoblasts and adipocytes.

Conclusion

We have successfully generated iPSC-derived FOCD model. Further studies will focus on investigating the molecular
role of the mutation of aggrecan C-type lectin domain in the etiology of FOCD.
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Human bone marrow derived mesenchymal stem cells (hBM-MSCs) are a multipotent cell type capable of differen-
tiating into osteoblasts, chondrocytes and adipocytes. However, the in vitro expansion and application of primary
human mesenchymal stem cells are limited by their short life span in culture and restricted differentiation po-
tential. These two features have been shown to be altered in somatic cells by reprogramming them to induced
pluripotent stem cells (iPSCs), thus making iPSC derivation a promising approach to broaden the potential use of
hBM-MSCs. Because iPSCs have great potential in regenerative therapies for age-related diseases, it is crucial to
investigate reprogramming mechanisms within the context of hBM-MSCs from aged individuals in order to identify
age-associated obstacles. Differences in metabolism, elevated levels of reactive oxygen species (ROS), proliferation,
genome instability and senescence have been shown to be associated with increased donor age in hBM-MSCs.
Age-relate features and their role in reprogramming have been analysed in a limited number of studies in human
fibroblasts. However, little is known about the role of age-associated molecular changes during reprogramming of
hBM-MSCs and the effect on the derived iPSCs. To obtain new insights into the potential roles of age related fea-
tures in reprogramming of hMSCs to iPSCs we induced pluripotency in hBM-MSCs from fetal femur (55 days post
conception) and hBM-MSCs of aged donors (60-70 years of age) via the classical retroviral and the non-integrat-
ing episomal plasmid based reprogramming approach. Higher levels of ROS, phosphorylated yH2AX and slower
proliferation could be detected in hBM-MSCs from aged individuals. Karyotype abnormalities were not detected
in BM-MSCs of both groups. Microarray-based comparative transcriptome analyses identified genes involved in
p53 and hypoxia pathways, cell cycle regulation, steroid biosynthesis and glutathione metabolism as down-reg-
ulated in hBM-MSCs from aged donors in comparison to fetal femur hBM-MSCs. However, genes involved in fo-
cal adhesion, the lysosome and glycolysis pathways were up-regulated in hBM-MSCs from aged donors. Whether
the identified age related features in hBM-MSCs are altered during the reprogramming process and if they per-
sist in the respective iPS cells derived from them is under investigation. Human BM-MSCs from fetal femur could
be reprogrammed more efficiently and faster compared to BM-MSCs from aged donors using both the retroviral
and episomal plasmid-based reprogramming methods. We have derived a fully reprogrammed iPSC line from BM-
MSCs from an aged donor (60 years of age) using retroviruses. Three fully reprogrammed iPSC lines have also been
derived from fetal femur BM-MSCs using the episomal plasmid-based approach. However, episomal-based repro-
gramming of BM-MSCs from aged donors did not give rise to fully reprogrammed iPSCs. One aged hBM-MSC line
gave rise to partially reprogrammed iPSC clones. In conclusion we have demonstrated that the efficiency of indu-
cing pluripotency in hBM-MSCs is potentially affected by the age of the donor and that age-associated features
such as elevated ROS levels, altered transcriptomes and cell cycle regulation diminish the pace and efficiency of
inducing pluripotency in BM-MSCs from aged donors. We anticipate that our current findings might help identify
and overcome age-associated roadblocks inherent to the derivation of iPSCs from hBM-MSCs.
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IMPROVED REPROGRAMMING EFFICIENCY OF DISEASE SPECIFIC iPSC USING IMMORTALIZED HUMAN FORESKIN
FIBROBLAST FEEDER CELLS
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Generation of disease specific Induced Pluripotent Stem Cells (iPSC) represents a clear breakthrough in regenerat-
ive medicine. Hence, it is of great interest to establish optimal feeder and culture conditions that allow successful
derivation & propagation of iPSC in clinically compatible conditions. Feki et. al. have established the Immortalized
Human Foreskin Fibroblasts (I-HFF) feeder with an added advantages of endogenous bFGF secretion which at the
same time supports the successful propagation of human Embryonic Stem Cells (ESC) and iPSC. In this study we
aim to compare the derivation and propagation of iPSC using mouse feeder along with I-HFF feeder. Human skin
fibroblast cells obtained from Duchenne Muscular Dystrophy patients, were used to derive iPSC cells using polycis-
tronic lentiviral vector.

Study was initiated after the approval from Institute Ethics Committee (IEC) & Stem Cell Ethics Committee. In vitro-
culture and expansion of fibroblasts cells were established using explant method. 1x 105 Fib cells were infected
with hSTEMCCA (Human Stem Cell Cassette) lentiviral vector in the presence of 5ug/ml Polybrene. Next day, cells



were plated onto mouse and I-HFF feeder at a density of 1x104 cells onto the 6- well plate. After 24 hours, the
medium was switched to reprogramming medium (ESC media and I-HFF conditioned media in 1:1 ratio).

Induced colonies were picked up based on human ES cell colony morphology and live staining for TRA-1-60 marker
at days 16-24 post infection. The iPSC lines were assessed on the basis of morphology, expression of pluripotent
makers by Immunoflorescence & RT-PCR. The in -vitro pluripotency and ability to differentiate into three germ lay-
ers was assessed by embryoid body formation. The experiments were performed using fibroblast cells from two
different patients in triplicates.

We found that the average days of appearance of colonies was 16 on human feeder in comparison to 24 on mouse
feeder. The total number of colonies obtained from two independent experiments at the end of reprogramming
period was 41 and 23 on human and mouse feeders respectively. The average reprogramming efficiency of iPSC on
human vs mouse feeders were 0.1 % and 0.05 % respectively as demonstrated by TRA 1-60 Live staining. Disease
specific DMD-iPSC generated in this manner displayed ES cell like morphology, expressed stem cell markers TRA
1-60 and TRA 1-81. These iPSC ines exhibited endogenous expression of pluripotency markers like OCT-4, Sox2,
KIf-4, cMYC and Nanog. The iPSC lines derived using both the feeder cells were able to spontaneously differentiate
into cells of all three germ layers as characterized by Immnunofluorescence and RT-PCR assay.

Cumulatively, our study demonstrates that the (i) I-HFF human feeder was more efficient for the derivation of iPSC
as evident by maximum number of fully reprogrammed clones as comparison to Mouse feeders, (ii) the emergence
of iPSC clones took less reprogramming time on human feeders versus mouse feeders.The above observations can
be attributed to the characteristic endogenous bFGF secretion by I-HFF feeders.

I-HFF cells at present are the best and economical candidate feeder cells for maintaining hESC/iPSC in culture as
they minimize batch to batch variation and limiting the addition of exogenous bFGF.

Acknowledgment: We thank Prof. Anis Feki for providing us I-HFF cell lines.
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Mesenchymal stem cells (MSC) have received significant attention in recent years due to their suitability for use in
regenerative medicine. The therapeutic potential of MSC has however highlighted the need for identifying easily
accessible and reliable sources of these cells. Current procedures for obtaining MSC are invasive, expensive and
laborious. An attractive alternative source for obtaining large populations of MSC is through controlled differenti-
ation of readily expandable induced pluripotent stem cells (iPSC).

We have established a protocol for inducing human iPSC to differentiate into MSC. MSC like cells were generated
by differentiating iPSC in MSC media for two weeks followed by serial passaging to select for fast growing MSC
like cells which have the capacity to attach and proliferate in mono-layer cultures, whilst eliminating slow-growing
differentiating iPSC. Using this protocol MSC like cells were generated from iPSC lines derived from three differ-
ent somatic tissues; gingiva, periodontal ligament, and foreskin. The resulting MSC like cells generated express key
MSC-associated markers including (CD73, CD90, CD105, CD146 and CD166) and lacked expression of pluripotent
markers (TRA160, TRA181 and alkaline phosphatise) and hematopoietic markers (CD14, CD34 and CD45). In vitro
the iPSC-MSC like cells displayed a differential capacity to differentiate into osteoblasts, adipocytes and chondro-
cytes. In vivo subcutaneous implant of the iPSC-MSC like cells into NOD/SCID mice re-confirmed the differential
differentiation capacity between the three iPSC-MSC like cells lines which was evident in the in vitro differentiation.
When these iPSC-MSC like cells were implanted into periodontal defects in immunocompromised rats a significant
increase in the amount of regeneration and newly formed mineralised tissue compared to control rats was noted.



Together these findings demonstrate that MSC like cells can be generated from iPS cells and could provide a novel
and unlimited source of MSC cells which will be much safer for use in periodontal regenerative therapy.
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Reprogramming of adult somatic cells towards the induced pluripotent state (iPS) is associated with marked
changes in the genome organization and gene expression programs. Genome organiser and special AT-rich binding
protein Satb1 plays an important role in the control of higher-order chromatin remodelling in a number of lineage-
specific gene loci including keratinocyte-specific genes, which is required for maintenance of their transcriptionally
active status. Here, we show that during reprogramming of primary epidermal keratinocytes isolated from trans-
genic mice expressing the Dox-inducible cassette of four mouse pluripotency genes (Oct4, Sox2, KIf4 and c-myc)
under Collal promoter, the expressions of Satb1 and keratinocyte-specific genes that constitute keratin type | and
type Il loci, as well as Epidermal Differentiation Complex locus, are markedly downregulated, while expression of
the pluripotency gene Nanog is upregulated. ChIP analyses revealed Oct4 binding to regulatory regions of the Satb1
gene indicating that pluripotency factors might directly repress Satb1 expression during reprogramming. Further-
more, treatment of keratinocytes with lentiviruses expressing Satb1 shRNA significantly accelerated appearance of
Nanog+ cells and iPS colonies compared to the controls. Acceleration of iPS colony formation under shRNA-medi-
ated Satb1 knockdown was accompanied by more rapid decrease in the expression of keratinocyte-specific genes,
compared to controls. Thus, these data demonstrate that Oct4-mediated downregulation of Satb1 serves as an es-
sential step in switching-off keratinocyte-specific gene expression programs during their reprogramming towards
the induced pluripotent state
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Reprogramming human somatic cells into induced pluripotent stem cells (iPSC) has been suspected of causing ge-
nomic instability and leading to generation of de novo genomic variants. To explore this issue, we performed a
whole-genome and transcriptome analysis of 20 human iPSC lines derived from primary skin fibroblasts of 7 indi-
viduals using next-generation sequencing. We find that, on average, an iPSC line manifests two copy number vari-
ants (CNVs) not apparent in the fibroblasts from which the iPSC was derived. Using gPCR, PCR, and digital droplet
PCR (ddPCR) to amplify across the CNVs' breakpoints, we show that at least 50% of those CNVs are present as low
frequency somatic genomic variants in parental fibroblasts and are manifested in iPSC colonies due to their clonal
origin. We observed similar effect for single nucleotide variants (SNVs). Hence, reprogramming per se does not in-
duce a large amount of genomic variation, while the amount of somatic mosaicism in the tissue used to produce
iPSCs could be a challenge and, at least, needs to be taken into account. We also carried out correlative analyses
between the detected manifested CNVs and gene expression determined by RNA-Seq from the same iPSC lines.



When analyzing expression levels (by RPKM) of genes intersecting manifested CNVs in iPSCs we found a clear tend-
ency (p-value of 0.01 by Fischer’s exact test) of increase in expression for genes in duplications and decrease in
expression for genes in deletions. However there were also genes in deletion CNVs with increased expression and
genes in duplication CNVs with decreased expression, an observation that invites further analysis to probe the epi-
genetic regulation of the affected loci.
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The discovery of new and effective treatments for human cardiovascular diseases requires the identification and
validation of novel disease mechanisms. Recently, studies of genomic variation entered a new phase in which un-
biased genome-wide association studies (GWAS) can identify novel genetic loci associated with common diseases.
We have recently described 95 loci associated with blood lipid levels -- LDL cholesterol (LDL-C), HDL cholesterol
(HDL-C), or triglycerides -- which are strongly associated with risk for myocardial infarction (Ml) in the NHLBI Fram-
ingham Heart Study (FHS) and other population cohorts. Much work will be needed to translate the novel associ-
ations into functional insights and, ultimately, therapies to reduce the risk of M.

A key step is to determine how these genetic loci affect phenotypes in human tissue types relevant to lipid meta-
bolism, principally liver and adipose. We have performed expression quantitative trait locus (eQTL) analyses of gen-
otype vs. gene expression in surgical liver and adipose tissue samples from patients; from this work, we found a
strong association between an LDL-C- and Ml-associated SNP on chromosome 1p13 -- rs12740374 -- and hepatic
expression of the SORT1 gene. However, these studies were limited by scarcity of actual human tissue and the in-
ability to address key cellular phenotypes such as lipoprotein secretion. Thus, there is a need to establish infinitely
renewable sources of hepatocytes and adipocytes from patients of defined genotypes.

Here we describe our proposal to generate iPS cell lines from ~200 individuals in the Framingham Offspring Cohort
with defined genotypes at chromosome 1p13 rs12740374. We have collected blood samples from over 2260
donors for reprogramming, and have generated 60 iPS lines from 13 donors. With respect to the Ml-associated SNP,
six donors were of the homozygous major genotype (that is associated with increased LDL-C and risk of Ml), four
were of the homozygous minor genotype, and three were of the heterozygous genotype. We plan to differentiate
these iPS cells into functional hepatocytes and adipocytes and perform gene expression, metabolomic profiling and
functional assays. Our goal is to identify new disease mechanisms and ultimately develop new, improved therapies
to reduce the risk of M.
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Juvenile Myelomonocytic Leukemia (JMML) is an aggressive childhood myeloproliferative disorder caused by NF1,
NRAS, KRAS, PTPN11, or CBL mutations that induce Ras pathway activation with associated hypersensitivity to cy-
tokine stimulation in myeloid progenitor cells. Understanding the pathophysiology of IMML and developing new
treatments is constrained by limited access to relevant patient material. To address this problem, we generated in-
duced pluripotent stem cell (iPSC) lines from malignant cells of two JMML patients with somatic heterozygous E76K
missense mutations in PTPN11, which encodes the non-receptor tyrosine phosphatase SHP-2. In vitro differenti-
ation of JMML iPSCs produced myeloid cells with increased proliferative capacity, hypersensitivity to granulocyte-
macrophage colony-stimulating factor (GM-CSF), and sustained STAT5 and ERK phosphorylation, similar to what is
observed in primary JMML cells from patients. Pharmacological inhibition of MEK kinase in iPSC-derived JMML cells
inhibited basal activation of pERK, as well as abrogated GM-CSF-induced pERK, providing rationale for a potential
targeted therapy. Our studies offer renewable sources of biologically relevant human cells in which to explore the
pathophysiology and treatment of JMML. More generally, we illustrate the utility of iPSCs for in vitro modeling of a
human malignancy.
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Epigenetic memory in induced pluripotent stem (iPS) cells in

regard to their donor cell type of origin could lead to variations in their

differentiation capacities. We have generated iPS cells from human neural stem cells (NSC-iPS) and human cord
blood derived CD34+ hematopoietic stem cells (HSC) (CD34-iPS) as well as fibroblasts (Fib-iPS) and evaluated their
differentiation potential into hematopoietic precursor and mature red blood cells (RBC). Erythrocytes represent a
defined end point of blood differentiation, while self-renewing, repopulating HSC, have not been successfully dif-
ferentiated from human pluripotent stem cells until now. For hematopoietic induction, iPS cells were allowed to
form embryoid bodies (EBs) under cytokine stimulation for 21 days. Thereafter, EBs were dissociated and single
cells were applied to a three-step protocol for human erythropoiesis for additional 18-21 days. Hematopoietic dif-
ferentiation was analysed by flow cytometry (CD43, CD34, CD45, CD36, glycophorin A) and colony formation in
semisolid media. We have found a similar hematopoietic induction potential among our cell lines. After EB dis-
sociation on day 21, hematopoietic commitment, measured by CD43 expression, was 31.9%+20.1% for CD34-iPS,
18.6%+10.3% for NSC-iPS and 17%+13% for Fib-iPS. Colony-forming unit assays demonstrate a similar distribution
of myeloid (CFU-M/CFU-GM), erythroid (BFU-E/CFU-E) and more immature mixed (CFU-GEMM) colonies among iPS
cell lines (CD34-iPS: 66137 myeloid, 11+6 erythroid, 3+3 CFU-GEMM; NSC-iPS 77452 myeloid, 3+2 erythroid, 1+1
CFU-GEMM; Fib-iPS: 58+28 myeloid, 617 erythroid, 11 CFU-GEMM). Hematopoietic cells further developed into
erythroid precursors as determined by >90% expression of glycophorin A, followed by maturation into normoblasts
and partially enucleated RBC (enucleation rate CD34-iPS 27.3%+4.9%, NSC-iPS 28.4%%10.9%, Fib-iPS 20.7%+5%).
All human iPS derived mature erythrocytes predominantly present fetal hemoglobin (85%-90%), some embryon-
ic (6%-7%) and only a minor amount of adult hemoglobin (2%-3%) as demonstrated by high performance liquid
chromatographie. We have performed genome-wide DNA methylation profiling, giving some evidence of epigen-
etic marks during reprogramming. Our data indicate and support other data that epigenetic differences in human
iPS cell lines generated of different donor cell type of origin (ectodermal neural versus mesodermal blood cells or
fibroblasts) do not have a significant impact on their differentiation potential towards blood lineages.
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PURIFYING AND EXPENDING HUMAN PERIPHERAL BLOOD MONONUCLEAR CELLS FOR DERIVING INDUCED
PLURIPOTENT STEM CELLS
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Induced pluripotent stem cells (iPSCs) have become a significant source for regenerative medicine and tissue en-
gineering. Recent studies demonstrated that the techniques of iPSCs are able to be applied in clinical area such as
personal medicine, tissue engineering and drug discovery. However, the somatic source from human for deriving
human iPSCs is becoming an important issue. Thus developing an uncomplicated and efficient method to collect
source cells is imperative in clinical application. In this study, we established a model to purify and expend mono-
nuclear cells from human peripheral blood (PBMCs) with a simple and efficient procedure for inducing pluripotent
stem cells. We isolated PBMCs from 3ml of whole blood collected from patients through by Ficoll gradient method
and expanded cells with ALyS505N medium plus interleukin 2 (IL2) in tube for primary culture. Our results showed
that a significant increase in cell numbers were up to above 600% in primary and second passages expending, as
well as the types of cells were confirmed by flow cytometry. The human iPSCs were derived from cells in second
passages by retroviral transduction of defined four transcription factors: Oct4, Sox2, KIf4 and c-Myc. However, ex-
panded PBMCs were able to be continually culture to third passages in furthermore and the cells growth rate has
decreased with the times of passage. These results indicate that our developed methods for isolating and expand-
ing PBMCs could provide an efficacious process and desirable cells source for deriving the human iPSCs in clinical
application in the future.
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GENE EXPRESSION SIGNATURE OF PORCINE IPS CELLS FROM DIFFERENT LABS SHOWS THE PROFILES DISSIMILAR
TO MOUSE AND HUMAN

Yajun Liu, Huayan Wang
Dept. Biotechnology, Northwest A&F University, Yangling, Shaanxi, China

Some issues such as the incomplete reprogramming of porcine iPS cells(piPSCs), lacking the detailed database for
porcine gene regulatory network and the difficulty to create the chimera animal of piPSCs precluded the applica-
tion of this technology. To solve above problems and better understand the mechanism of porcine cell reprogram-
ming, we analyzed the transcriptional profiles of porcine iPS cell lines using Affymetrix GeneChip Porcine Genome
Array. Porcine iPS cell lines were

derived from our lab (30AC5 and PS24, which met all criteria required for a claim of pluripotency), Dr. Xiao’s lab
(iPF4-2, which was used to generate the cloned piglets), Dr. West’s lab (piPS-w, which was used to create chimera
pig) and Dr. Roberts’ lab (IC1, ID4, ID6 and pESK, which data were extracted from GEO, GSE15472). Our results
demonstrated that cell surface proteins of EpCAM (epithelial cells adhesion molecule) and Rex1 were significantly
upregulated in complete reprogrammed porcine iPSCs, but not in partially reprogrammed cells, suggesting that
these genes could be markers for evaluating porcine cell reprogramming. The number of upregulated genes in pig
iPS cells was 1846 out of 23,937 gene probes. Ingenuity Pathways Analysis (IPA) revealed several pathways that
might play important roles during the porcine cell reprogramming, such as Sertoli-Sertoli Cell Junction signal path-
way, Gal2/13 signal pathway, and BMP signal pathway etc. We analyzed gene expression level of the six key devel-
opmental signaling pathways, including JAK-STAT, NOTCH, TGFb, WNT, MAPK and VEGF. These results demonstrate
that the core transcriptional network to maintain pluripotency and self-renewal in pig may be different from mouse
and human. Pig iPSCs are lack specification naive state markers, such as Kruppel-like factors (KIf2/4) and Thx3,
whereas, the markers for primed state (e.g. Otx2 and Fabp7) were upregulated significantly. The similarities among



piPSCs, hiPSCs and mEpiSCs underscored the possibility that traditional culture conditions cannot used to maintain
long-term proliferation of pig pluripotent cells with inherent instability of naive pluripotency. We also identified
that aberrant silencing of DIk1-Dio3 domain was instantaneous response for factor-induced reprogramming in dif-
ferent species. Aberrant silencing of DIk1-Dio3 domain is a common outcome upon induced reprogramming in pig,
mouse and human. Real time PCR results confirm the notion that silencing of this cluster is a common outcome
upon factor-mediated reprogramming in pig. The defect in piPS partially explains the rare success of the birth of
chimeric and cloned offspring. In conclusion, our results provide a fundamental resource for better understanding
of the complex genetic network that maintains pluripotency in pig.

W-2191

SCREENING OF NEW FACTORS THAT INFLUENCE THE PROCESS OF SOMATIC REPROGRAMMING MEDIATED VIA
FORCED EXPRESSION OF SPECIFIC GENE

Tatsuya Yamakawal, Yoshiko Satol, Yuki Takasel, Naoki Goshimaz, Keisuke Okital, Shinya Yamanaka?
1Department of Reprogramming Science, Center for iPS Cell Research and Application, Kyoto University, Kyoto,

Japan, 2Biomedicinal Information Research Centre, National Institute of Advanced Industrial Science and Techno-
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Induced pluripotent stem (iPS) cells were initially generated from mouse and human fibroblast by retrovirus- or len-
tivirus- mediated infection of following four factors, Oct3/4, Sox2 with either KIf4 and c-Myc or Nanog and Lin28.
Human iPS cell could be applicable to clinical application such as disease modeling, drug discovery and toxicology.
However, it is still unclear what happens during the somatic reprogramming via forced expression of several genes.
Until now, many researchers have found out the new reprogramming genes that can improve reprogramming ef-
ficiency or replace the first-reported 4 genes. Some of these genes have been reveled to have direct impact on
reprogramming process without affecting cell proliferation. The analysis of such genes may be useful to clear mech-
anisms of cellular reprogramming, which is important not only for stem cell biology but also for clinical application
of iPS cell.

To find new genes that influence on the reprogramming process, we established a screening system. As candidates,
we employed human cDNA library consisted of 2500 transcription factors and 300 kinases. Each candidate genes
were transfected into human dermal fibroblast with basic 5 factors (OCT3/4, SOX2, KLf4, L-MYC and LIN28) via plas-
mid method and evaluated whether they influenced on iPS generation efficiency as the result of their impact on
reprogramming process. We used mock as a negative control and GLIS1 as a positive control. Induction efficiency
of each sample was calculated by comparison between the number of human ES-like colonies induced by the each
factor and mock.

This kind of screening has usually been performed by using mouse embryonic fibroblast and virus-mediated trans-
fection method, because of their simple and easy procedure to handle many samples. In contrast, we employed hu-
man fibroblast as the cell source and plasmid-mediated transfection for transgene expression. The reason why we
chose these methods is that the reprogramming factors don’t always work in the same way as they were originally
reported when used in different methods or species. Our screening system will enable to find new factors which
could provide some insights of reprogramming process from human cells, especially in the methods enable to med-
ical application. Still the screening is going on, we show the development of our screening assay using automatic
colony-count system with BioStationCT and summary of the results. We detected several factors which positively
or negatively affected on the induction efficiency. These library-derived new factors can also influence iPS induction
from fibroblasts of two different donors. Interestingly, some of these positive factors have the same protein motif,
suggesting they have some important function during somatic reprogramming. Additionally, we checked the mRNA
expression changes of both positive and negative factors during iPS generation. By analyzing factors which affect
on iPS induction efficiency, we are trying to uncover underlying mechanisms of somatic reprogramming. The new
factors we found would be also useful to develop appropriate reprogramming methods for clinical application.
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BENEFICIAL EFFECTS OF METABOLIC CONTROL IN THE ACQUISITION AND MAINTENANCE OF PLURIPOTENCY

Myung Jin Sonl, Mi-Young Sonl, Binna Seoll, Min-Jeong Kiml, Chae Hwa Yool, Hee—Jun Nal, Myung-Kwan Han2,
Yee Sook Chol
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Cross-talk between intracellular signaling pathways has been extensively studied to understand the pluripotency of
human pluripotent stem cells (hPSCs), including human embryonic stem cells (hESCs) and human induced pluripo-

tent stem cells (hiPSCs); however, the contribution of NAD*-dependent pathways remains largely unknown. Here,

we show that NAD* depletion by FK866 (a potent inhibitor of NAD* biosynthesis) was fatal in hPSCs, particularly
when deriving pluripotent cells from somatic cells and maintaining pluripotency. NAD and its precursors (nicotin-

amide (NAM) and nicotinic acid (NA)) fully replenished the NAD* depletion by FK866 in hPSCs. However, only NAM
effectively enhanced the reprogramming efficiency and kinetics of hiPSC generation and was also significantly ad-
vantageous for the maintenance of undifferentiated hPSCs. Our molecular and functional studies reveal that NAM
lowers the barriers to reprogramming by accelerating cell proliferation and protecting cells from apoptosis and sen-

escence. Our findings establish that adequate intracellular NAD* content is crucial for pluripotency; the distinct ef-

fects of NAM on pluripotency may be dependent not only on its metabolic advantage as a NAD* precursor but also
on the ability of NAM to enhance resistance to cellular stress.
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A NOVEL UTF1-TOMATO PLURIPOTENCY REPORTER MOUSE

Peter Drogel, Amir Morschedil, Wei-Ping Yu?
lNanyang Technological Uiversity, Singapore, Singapore, 2Bjomedical Sciences Institute, Singapore, Singapore

The Utfl protein (undifferentiated embryonic cell transcription factor 1) was first described in 1998 by Okuda et
al. in an Article published in the EMBO J. Today, Utf1 is established as a member of the core transcription network
which defines and regulates the pluripotent embryonic stem cell state. Our previous studies have shown that the
human Utf1 control elements (i.e. the promoter and the 3 -enhancer) can be employed as very reliable pluripo-
tency reporter in human and mouse ES/iPSCs. In agreement with this, a more recent study by R. Jaenisch and co-
workers published in Cell identified Utf1 transcription, which is a direct downstream target gene of Oct4 and Sox2
(and presumably Nanog), as one of the most reliable predictors for the execution of the complete reprogramming
program during iPSC formation. Furthermore, it was shown in a separate recent Cell study that the Utfl protein
ensures rapid proliferation and coordinated differentiation of ESCs through chromatin modification and the con-
trol of mRNA decapping. Hence, it appears timely to briefly present here our preliminary assessment of a novel
Utfl-tomato knock-in pluripotency reporter mouse. With further characterization, this animal system has the po-
tential of becoming a very useful tool for a number of ex vivo and in vivo studies, possibly also permitting questions
beyond the topic of iPSC formation.
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GENERATION OF INDUCED PLURIPOTENT STEM CELLS USING RAT MESENCHYMAL STROMAL CELLS ORIGINATED
FROM A NEW MODEL OF METABOLIC SYNDROME
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We recently established a new animal model of metabolic syndrome (MetS), the DahIS.Z-Leprfa/Leprf" (DS/obese)
rat, by crossing Dahl salt-sensitive (DS) rats with Zucker rats harboring a missense mutation in the leptin receptor

gene (Leprfa). Body weight and visceral. subcutaneous fat masses were significantly increased, and blood pressure
was higher in DS/obese rats when compared with homozygous lean littermates (DS/lean) rats (Hattori et al. 2011).
Although the phenotype of DS/obese rats is similar to that of MetS in humans, the pathophysiological and meta-
bolic characteristics in each cell type remain to be clarified. Hence, induced pluripotent stem cells (iPSCs) derived
from MetS rats serve to promote investigations in vitro.

Here, we report the establishment of the rat iPS cells (riPSCs) from DS/obese and DS/lean rats to investigate cell
biology of MetS in vitro. We generated riPSCs from mesenchymal stromal cells (MSCs) collected from adult rat
subcutaneous adipose tissues of DS/obese and DS/lean rats individually. MSCs from both rats were introduced
three mouse reprogramming factors (OCT3/4, SOX2, and KLF4) by lentiviral vectors according to the previous report
with some modifications (Kobayashi et al. 2009). They were then cultured with SNL feeder cells in the presence
of exogenous leukemia inhibitory factor (LIF) to establish iPS cells as o-riPSCs and I-riPSCs, respectively. The len-
tiviral transduction yield ES cell-like colonies from individual rat MSCs, and these colonies with EGFP were alkaline
phosphatase-positive, indicating pluripotent stem cells. Then, we tried to pick up ES cell-like colonies, trypsinized
them into single cells, and transferred them to 24-well plates for further expansion. Established riPSCs could ex-
pand without any morphological changes. Like mouse ES cells, both o-riPSCs and |-riPSCs expressed stage-specific
embryonic antigen (SSEA)-1, and Nanog protein. We also confirmed that both riPSCs expressed many undifferen-
tiated ESC-marker genes, including Nanog, OCT3/4, KlIf4, Rex1, Tdgf2, Sox2, Eras, and fibroblast growth factor 4
(Fgf4) by RT-PCR. We examined the capacity of riPSCs for in vivo differentiation, and assessed teratoma formation
with microscopy of hematoxylin/eosin (HE) stained sections. The results suggest that our riPSCs had been repro-
grammed into pluripotent state and possessed the capacity for differentiation into cells of three germ layers.

Thus, we succeeded in generating riPSCs from MSCs of DS/obese and DS/lean rats using only three reprogramming
factors. These riPSCs will serve as highly effective tools for the investigation of MetS pathophysiology in vitro.

W-2195
DERIVATION AND CHARACTERIZATION OF RAT IPS CELLS USING A MOUSE STEMCCA REPROGRAMMING VECTOR

Pavan Rajanahalli, Mark L. Weiss
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Rats are considered an important animal model system by having many similarities to humans in terms of physiolo-
gical processes of the cardiovascular, metabolic and neurological systems. Induced pluripotent stem cell (iPSC) tech-
nology has great potential to advance in the field of regenerative medicine by generating patient-specific stem cell
for treatment or in vitro disease modeling. Here, we derived rat iPSC’s from Fischer 344 embryonic fibroblasts using
a mouse STEMCCA cre-excisable reprogramming vector expressing Oct-4, KIf4, Sox-2 and c-Myc. Once rat ESC-like
colonies were derived, we removed the transgene vector and demonstrated that one of the clones tested showed
a normal karyotype by G-banding. The iPSC colonies demonstrate a morphology that is similar to rat embryonic
stem cells (ESCs), are positively stained for pluripotency markers such as alkaline phosphatase, Oct-4, Nanog, Sox-2
and SSEA-1. The rat iPSCs have been maintained more than 27 passages. Using a custom-designed microarray, we
compared the gene expression profile of rat iPSCs to rat ESCs and there was good similarity between the two with
the exception of Cdx2 expression which is expressed in rat ESCs. We plan to further characterize the rat iPSCs to
determine whether they can undergo neural differentiation in vitro and whether the micro RNA expression of rat
iPSCs is similar to rat ESCs.
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QUANTITATIVE FLUORESCENT IN VITRO ASSAY FOR MONITORING DIFFERENTIATION OF PLURIPOTENT STEM
CELLS TOWARDS MYELINATING OLIGODENDROCYTES

Antje Arnold, Agatha Lyczek, Jiangyang Zhang, Miroslaw Janowski, Jeff WM Bulte, Piotr Walczak
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Evidence is mounting that transplantation of glial-restricted progenitor cells (GRPs) is a promising approach for
restoration of brain function in patients suffering from de/dysmyelinating neurological disorders. Rodent studies
demonstrated that transplantation of GRPs into the CNS results in the generation of new myelinating oligodendro-
cytes and robust therapeutic effect. It is imperative to develop techniques for non-invasive monitoring of graft
functionality for clinical translation. To this end, we applied diffusion tensor MRI (DTI) for in vivo imaging of my-

elination in shi/shi rag2'/' mice transplanted with GRPs. In vivo DTl showed improvement of imaging parameters
with reduced radial diffusivity within white matter structures in transplanted compared to control mice. Immuno-
histochemistry revealed robust myelination by transplanted cells and migration from ventricles to the brain paren-
chyma, particularly into white matter. This was in good agreement with MRI findings. The life span of transplanted

shi/shi ragZ'/' mice was extended. Our results strongly support this strategy with transplantation of GRPs for de/
dysmyelination.

One limitation of this strategy is the inadequate access to human fetal tissue for the derivation of human GRPs. To
overcome this issue, we propose to derive GRPs from pluripotent cells as an unlimited cell source. Dr. Goldman’s
group showed that derivation of GRPs from iPSCs requires an extremely lengthy differentiation procedure (120
days) exemplifying another challenge. To address this, we have developed a robust in vitro differentiation assay us-
ing fluorescence as a readout for oligodendrocyte differentiation with the goal of accelerating the differentiation
process.

Here, we generated iPSCs derived from proteolipid protein-green fluorescent protein (PLP-GFP) transgenic mice.
PLP-GFP iPSCs did not express GFP as GFP expression is induced under the oligodendrocyte-specific PLP promoter.
We are differentiating iPSCs towards GRPs and mature oligodendrocytes, with the GFP expression used as the
primary quantitative readout for assessing efficiency of this differentiation process. To properly model and stim-
ulate in vitro differentiation towards myelinating oligodendrocytes, we applied GRPs and neural stem cells (NSCs)
to a co-culture system. NSCs were derived from transgenic mice expressing DsRed under B-actin promoter. With
this combination of DsRed-NSC and inducible PLP-GFP iPS-derived GRPs we are able to monitor the differentiation
of iPSCs towards mature oligodendrocytes with fluorescence. Preliminary data on oligodendrocyte differentiation
of primary PLP-GFP+ GRPs demonstrated that GFP fluorescence intensity increased during the differentiation pro-
cess. Oligodendrocytes were evaluated based on the morphology and immunostaining for oligodendrocyte-specif-
ic markers (Olig2, MBP). We are currently applying the same differentiation protocol for our PLP-GFP+ GRP-iPSCs
with efficiency of differentiation assessed by longitudinal measurements of GFP expression, immunostaining and
gPCR for oligo-, neuronal- and astrocyte-specific markers (Olig2, MBP, Tjul, GFAP). Further characterization will in-

clude transplantation into neonatal shi/shi ragZ'/' mice with DTI. In conclusion, we present an in vitro approach for
monitoring differentiation of iPS cells towards myelinating oligodendrocytes using fluorescence readout and thus
facilitating optimization of differentiation protocol.
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Reprogramming of somatic cells to induced pluripotent stem cells (iPSC) is an inefficient and long process. Repro-
gramming efficiency is highly dependent on the stoichiometry of the ectopically expressed reprogramming factors,
which is difficult to obtain in a uniform manner with many delivery systems. Drug-inducible secondary systems,
consisting of fibroblasts differentiated from iPSCs obtained through doxycycline-inducible reprogramming factors,
represent genetically homogeneous systems that partially address this technical issue. Unfortunately, existing sec-



ondary systems suffer from several limitations, mainly related to the limited lifespan and expansion capability of
the secondary somatic cells. Senescence affects the consistency of both derivation and reprogramming of second-
ary fibroblasts, making the system challenging to use for high-throughput screening and genome editing-based
studies.

To generate an improved human secondary system, we first derived new iPSC lines using a doxycycline-inducible
polycistronic Oct4-KIf4-Myc-Sox2 vector to minimize integration events and to maintain a controlled stoichiometry.
Secondary fibroblast clones obtained from directed differentiation of these inducible iPSCs were then engineered
to extend their life span. This process, coupled with optimization of defined growth conditions, facilitated the gen-
eration of a secondary cell line that is capable of a undergoing a large number of cell divisions without losing its
high reprogramming potential or the genetic and epigenetic characteristics of primary cells.

iPSCs derived from the new secondary cells are directly comparable to those obtained from established primary
reprogramming strategies, with the added advantage that the reprogramming is highly consistent and uniform.
We have applied this unique feature to extensively characterize the molecular events occurring during reprogram-
ming of human cells by isolating different intermediate populations and profiling them using high-throughput
strategies, including RNA-seq and ChiIP-seq. In addition, we are testing the robustness of many assays in this system
for the study of reprogramming and pluripotency pathways, including high-throughput functional RNAI screening,
massively parallel reporter assays (MPRA) and synthetic nuclease-mediated genome editing..

This newly developed secondary system represents a handy and powerful tool for testing functional hypotheses
and has the potential to allow deep dissection of the molecular events underlying cellular reprogramming in human
cells.
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RNA SPLICING REGULATION DURING SOMATIC CELL REPROGRAMMING
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Despite the extensive studies on somatic cell reprogramming, the molecular mechanisms underlying the repro-
gramming process are still unclear. Here we report our analysis on changes in alternative splicing during repro-
gramming. By combining deep sequencing with high-throughput quantitative RT-PCR, we revealed drastic changes
in genome-wide splicing profiles during the reprogramming process. Our analysis identified more than 600 genes,
whose splicing patterns are changed during iPS cell induction from mouse embryonic fibroblasts (MEFs). Computa-
tional analysis of primary sequences demonstrated that several motifs are enriched in sequences within, and adja-
cent to, the differentially expressed skipped exons between MEFs and iPS cells. Moreover, we also found that the
lengths of the introns around exons, which are preferentially included in iPS cells, tend to be shorter. In addition,
we performed siRNA screen for the RNA binding proteins that are responsible for the splicing events in pluripotent
stem cells. Consequently, we obtained a number of RNA-binding protein-encoding genes whose depletion causes
alteration in splicing patterns in pluripotent stem cells, and some of which are necessary for somatic cell repro-
gramming. These findings indicate that post-transcriptional as well as transcriptional regulation mechanisms are
integral parts of the molecular network in the reprogramming process and the pluripotency maintenance. Our res-
ults should contribute to elucidation of the mechanisms underlying somatic cell reprogramming.
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INVESTIGATION OF THE X CHROMOSOME VIA USE OF PLURIPOTENT STEM CELLS WITH HUMAN X ANEUPLOIDIES

Antonia A. Dominguez, Dian Yang, Shawn Chavez, Rosaria Chiang, Renee Reijo Pera
Stanford University, Stanford, CA, United States

Our goal is to examine the role of the human X chromosome in germ line and somatic development in an induced
pluripotent stem cell (iPSC) system. For this purpose, we are developing and characterizing iPSC lines from women
with different X chromosome dosages. Turner Syndrome (TS) females have partial or complete loss of the second



X chromosome, resulting in a 45,X karyotype. Three percent of pregnancies begin as 45,X; however, 99% of these
are spontaneously terminated, and females who live have a wide variety of clinical characteristics including short
stature and infertility. Triple X syndrome (XXX) is a trisomy of the X chromosome and results in tall stature, infertility
and sporadic learning disorders. Here, we report derivation of iPSCs from four TS females and two control females.
All iPSCs maintained original karyotypes, expressed key pluripotency markers and spontaneously differentiated in
vivo and in vitro into the three germ layers. We expect that iPSCs derived from TS and XXX females may accurately
replicate the haploinsufficiency and X chromosome aberrations observed in the original patient, making them an
ideal model to investigate the role of the X chromosome in early development and germ cell development and test
this concept further.

First, we determined that expression levels of X chromosome genes were similar between single blastomeres of
day 2 and day 3 human embryos and iPSCs, which we used to model early development. We then investigated X
chromosome gene expression differences amongst TS, control and XXX iPSC lines. We analyzed the expression of
96 genes including X-linked and pluripotency genes, at the single cell level and observed small but statistically in-
significant differences in gene expression. We also compared the whole transcriptome across different iPSCs lines
via RNA-seq and observed differential expression level of multiple X chromosome genes was discovered. We are
currently examining differences in more detail.

Infertility in females with only one X chromosome has been previously established, however, no specific X-linked
genes have been correlated with infertility because of the lack of phenotype in the TS mouse model (39,X). To ad-
dress whether the absence or gain of the second X chromosome results in defects in the formation of primordial
germ cells (PGCs) we are currently carrying out directed differentiation to the PGC lineage using BMPs, retinoic acid
and the VASA:GFP reporter construct. Single cell expression analysis as well as RNA-sequencing is being conducted
to analyze the expression of X-linked and germ cell genes as TS, control and XXX hiPSC lines as they are differenti-
ated into the germ cell lineage.

Overall, despite the large variety of clinical characteristics seen in TS and XXX females, only one gene has been
linked to specific phenotype in TS females. It is hoped that results of our studies will identify expression differences
of X-linked genes that can be investigated further for their necessity in normal early development and proper germ
cell development.

Reprogramming
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CHARACTERIZATION OF AID-DEFICIENT IPS CELLS
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IPS cells can be generated by introducing defined factors into somatic cells. It has been shown that epigenetic
status, such as DNA methylation and histone modification, changes dramatically during iPS cells generation. For
instance, DNA methylation level of Oct4 and Nanog promoters decrease during iPS cell generation. However, the
underlying mechanism of demethylation is still unclear.

Activation-induced cytidine deaminase (Aid) converts methylated and unmethylated cytosine to thymine and uracil
respectively by removing amine. Recently some papers suggested that Aid is involved in DNA demethylation dur-
ing developmental processes in zebrafish and mouse. Interestingly, AID was also shown to be involved in DNA de-
methylation activity in cell-fusion-mediated reprogramming of mammalian cells. One recent report revealed that
the transient knockdown of Aid hampered the initiation of mouse iPS cell generation. Taken together, we hypothes-
ized that Aid would be involved in DNA demethylation during iPS cell generation.

In this study, we employed loss of function approach and examined the effect of Aid depletion on DNA methylation
status in iPS cells. Aid knockout mice were crossed with Nanog-GFP mice which have GFP reporter under the control
of a pluripotent stem cell marker, Nanog. Oct3/4, Sox2, KIf4 and c-Myc were introduced into Aid knockout mouse



embryonic fibroblasts by retrovirus. Contrary to our expectation, Nanog-GFP positive iPS colonies emerged from
Aid KO MEFs. The induction efficiency was not different from that of wild-type iPS cells (Wt iPS cells). In addition,
the overexpression of Aid did not affect the induction efficiency.

We examined morphology, proliferation, differentiation potential, RNA expression and DNA methylation of Aid KO
iPS cells. Aid KO iPS cells showed normal proliferation and gave rise to three germ layers in teratoma forming assay.
Moreover, Aid KO iPS cells could give rise to chimera by blastocyst injection. Microarray analysis showed that there
were few differences between Aid KO iPS cells and Wt iPS cells. These results suggest that Aid KO iPS cells were
similar to Wt iPS cells in terms of ability of self-renewal and pluripotency.

In the DNA methylation analysis, first Nanog and Oct3/4 promoter regions were analyzed. However, in Aid KO
iPS cells both regions were hypomethylated similar to that of Wt iPS cells. The global DNA methylation level ex-
amined by LINE1 and B1 repeat sequences did not show significant difference. Then, we searched for specifically
methylated regions in Aid KO iPS cells by comprehensive DNA methylation assay. The genomic fragments were con-
centrated by immunoprecipitation using methylted CpG binding protein and were analyzed by deep sequencing.
However, only few differences were found between Wt and Aid KO iPS cells. Consequently, the effect of Aid deple-
tion on DNA demethylation was not observed in our analyses.
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Human stem cell populations show clonal heterogeneity. Such phenotypic diversity has implications for devel-
opment, and for the use of stem cells in regenerative medicine. We have previously demonstrated random or
stochastic choice of allelic expression occurring in a subset of non-imprinted autosomal genes in genetically identic-
al human neural stem cell clones derived from fetal brain. DNA methylation and a specific pattern of histone modi-
fications are both associated with allelic choice. In this study, we asked what happens to stochastic allelic choice
if the neural stem cell clones were epigenetically reprogrammed and neuralized? We carried out global allelic ex-
pression profiling of human induced pluripotent stem cells (hiPSC) derived from a previously characterised clonal
neural stem donor. We also neuralized these cells and isolated neural stem cell clones. Results: We find that while
imprinted genes remain imprinted, autosomal genes originally undergoing random or stochastic choice of allelic
expression in the donor neural stem cells switch to biallelic expression in the epigenetically reprogrammed hiPSC
state. Subsequent neuralization of the hiPSCs and clonal isolation of the neural stem cells show at least 0.75% of
genes undergoing stochastic choice of allelic expression. The majority of these genes represent new loci when com-
pared to the original donor neural stem cell, but functional annotation of these new genes show a strikingly similar
profile to that seen in the original neural stem cell study, namely overrepresentation of membrane bound or cell
surface genes, a number of which are of neurodevelopmental in function. We conclude that the diversity of neural
stem cells generated by stochastic monoallelic expression is lost when the cells are reprogrammed, but re-estab-
lished in a stochastic fashion when the reprogrammed cells are neuralized.

W-2205

MOLECULAR MECHANISMS OF ASTROGLIA-TO-NEURON CONVERSION BY FORCED EXPRESSION OF PRONEURAL
GENES
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Direct conversion of differentiated cells into neurons is emerging as a promising alternative for cell-based therapies
of neurodegenerative diseases, because it does not give rise to pluripotent intermediates. Yet little is known about
the molecular mechanisms that induce direct neuronal reprogramming, thus limiting the development of more
precise strategies aimed at obtaining pure, homogenous and specific neuronal subtypes.

To better understand the mechanisms underlying direct reprogramming, we employed astroglial cells as model
system: in fact, they are distributed throughout the mammalian brain, thus representing a potential endogenous
source of reprogrammable cells!, and can be efficiently converted into functional neurons upon over-expression of
two proneural genes, Neurog2 and Ascl12:3 .

Astroglia cultures obtained from postnatal mouse cerebral cortex were transduced with retroviruses encoding an
inducible system in which the cDNA of the proneural gene (either Neurog2 or Ascl1) is fused to a modified estro-
gen receptor-binding domain (ERT2). Hence, the resultant protein is expressed but remains inactive unless cells
are treated with tamoxifen, upon which inhibition is released. This allows for a temporally defined onset of the
proneural gene’s transcriptional activity. Indeed, Neurog2- and Ascl1-ERT2-transduced astrocytes generated neur-
ons upon tamoxifen treatment, while no neurons were observed in control-treated Neurog2- or Ascl1-ERT2-trans-
duced cells, thus providing an experimental system for further molecular analyses.

Unbiased transcription profile was performed on RNA extracted from astroglial cultures transduced with control
viruses or Neurog2-(or Ascl1)-ERT2 expressing viruses and treated with tamoxifen for 24 hours: interestingly, there
is only a partial overlap between the genes induced by both Neurog2ERT and Ascl1ERT2, suggesting that the two
proneural genes activate a different neurogenic program already at a very early stage of reprogramming, likely re-
flecting their capacity to direct astroglia towards distinct neuronal subtypes. On the other side, transcription factors
downstream of both transcription factors are likely to contribute to the execution of a generic program of neuro-
genesis.

Indeed, loss-of-function experiments utilizing microRNAs against shared targets demonstrated their functional re-
guirement for Neurog2-induced astroglia-to-neuron conversion; notably, these targets were not sufficient to repro-
gram cells on their own, but the combined expression could induce neuronal generation from postnatal astroglial
cells, suggesting that each of them activates distinct and non-redundant branches of the Neurog2-induced pro-
gram. These data provide a first insight into the early stages of direct reprogramming towards neurogenesis, high-
lighting the early activation of a neurogenic program, and identifying key factors required for the neuronal genera-
tion from postnatal astroglial cells.

This project was funded by Wellcome Trust and by the German Research Foundation (Deutsche Forschungsge-
meinschaft).

1. S. Robel, B. Berninger, M. Gotz, Nat Rev Neurosci 12, 88 (Feb, 2011)
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EFFECTS OF SUBSTRATE TOPOGRAPHY ON THE FUNCTIONAL NEURONS PRODUCED BY DIRECT
REPROGRAMMING OF FIBROBLASTS
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Leong1
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Cellular reprogramming holds tremendous potential for cell therapy and regenerative medicine. Recently fibro-
blasts have been converted into induced neurons (iN) by overexpressing the transcription factors Ascl1, Brn2 and
Mytl1L. This presents an attractive cell source for combating neurodegenerative diseases. In vivo the microenviron-
ment presents physical and biochemical cues that influence cellular behavior. It regulates cellular function ranging



from adhesion and migration to proliferation. Here we investigate how substrate topography influences reprogram-
ming of fibroblasts to induced neurons. Polystyrene substrates imprinted with microgratings or circular posts were
used with non-patterned polystyrene samples as controls. We observed a significant reduction of the number of
neurites per soma on the 5 [[Unsupported Character - Symbol Font &#61549;]]m gratings topography compared to
the smooth control. The corresponding average length of the neurites was 296.6 [[Unsupported Character - Sym-
bol Font &#61549;]]m versus 174 [[Unsupported Character - Symbol Font &#61549;]Im. When comparing mRNA
expression of cells on smooth substrates to 5 [[Unsupported Character - Symbol Font &#61549;]]m gratings we de-
tected 81 differentially expressed genes, including ones implicated in neuronal differentiation and cell projection
organization like artemin, netrin, slit3, Thyl, growth arrest specific protein 1, and sphingosine-1-phosphate recept-
or 1. As characterized by electrophysiology, the induced neurons obtained on 5 [[Unsupported Character - Sym-
bol Font &#61549;]]m gratings and smooth substrates were functional. The average membrane potential of iNs on
smooth substrates was similar to iNs on 5 [[Unsupported Character - Symbol Font &#61549;]]m substrates; with an
average resting membrane potential of -76 mV for iNs on smooth and -82 mV for iNs on 5 [[Unsupported Charac-
ter - Symbol Font &#61549;]Im gratings. This study advocates a role of cell-topography interactions in shaping iN
identity. It also suggests the potential of applying topographical cues to optimize the microenvironment for various
direct reprogramming processes.
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BIOPHYSICAL REGULATION OF EPIGENETIC STATE AND CELL REPROGRAMMING
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Cell reprogramming represents a major advancement in cell biology and has wide applications in regenerative
medicine, disease modeling, and drug screening. Induced pluripotent stem cells can be produced from adult fibro-
blasts with the use of transcription factors and chemical compounds; however, the role of biophysical factors in
cell reprogramming is not known. Here we show, for the first time, that biophysical cues, in the form of parallel
microgrooves on the surface of cell-adhesive substrates, can significantly improve reprogramming efficiency and
replace the effects of small molecule epigenetic modifiers. The mechanism behind this biophysical enhancement of
cell reprogramming relies on mechanomodulation of epigenetic state -specifically, increases in histone H3 acetyla-
tion (AcH3) and histone H3 trimethylation (H3k4me3) on microgroove surfaces. Further investigation reveals that
microtopography dramatically downregulates histone deacytylase (HDAC) activity and increases the expression of
WD repeat domain 5 (Wdr5) protein -a subunit of H3 methyltransferase. Furthermore, microtopography promotes
the upregulation of key epithelial-related genes, suggesting the initiation of a mesenchymal-to-epithelial transition,
a required step in cell reprogramming. Disruption of actin-myosin contractility abolishes microtopographical regu-
lation of epigenetics and cell reprogramming, confirming that the actin cytoskeleton is required for this epigenetic
mechanomodulation. In addition, adult fibroblasts show a similar response on aligned nanofiber surfaces in cell
reprogramming and histone modifications, providing additional evidence that various topographical cues can regu-
late cell reprogramming. Furthermore, micropatterning cells on islands of matrix proteins for tight regulation of cell
shape demonstrates the critical role that cell deformation plays in actively changing epigenetic state. In summary,
this study unravels how the microfeatures of cell-adhesive substrates can induce epigenetic modifications, which
in turn lead to enhanced cell reprogramming. We believe this novel biophysical regulation of epigenetics and cell
reprogramming has important implications in a number of complex biological processes and in the broad scope of
cell biology.
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GENETIC ENGINEERING OF PIG PLURIPOTENT CELLS USING A NOVEL GENE TARGETING TECHNIQUE.



JONGPIL KIM, Yaelu Sung, BakSoon Bong
Biomedical Engineering, Dongguk University, Seoul, Korea, Republic of

Several genetically modified pig models have been produced by combining conventional gene targeting methods
with somatic cell nuclear transfer. However, these conventional techniques are inefficient in mammalian somatic
cells and provide little control over the site specificity and rate of exogenous DNAintegration. Recent studies
showed that genetic engineering of cells with TAL Effector nucleases (TALEN) is rapidly gaining popularity as a
means to enhance the rate and specificity of DNA modifications in plant and animal cells. Here we examine the ge-
netic modification in pigs by combining TALEN technology with induced pluripoetent stem cells. These studies will
open the door to genome targeting with a precision that was not previously possible in a large animal model and
provide important considerations for their safe and effective use in modification of the swine genome, and future
innovative applications of this technology in pigs will be discussed.
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PROGRAMMING THE HAIR FOLLICLE STEM CELL NICHE IN UNCOMMITTED SKIN FIBROBLASTS

Carlos Clavel, Amelie Rezza, Michael Rendl
Developmental & Regenerative Biology, Mount Sinai School of Medicine, New York, NY, United States

Cell-based regenerative therapies are still unavailable to restore hair follicles in hair loss patients and to generate
new hair follicles in burn victims or patients with other debilitating skin disorders. Currently, there is a lack of know-
how to expand fully functional DP cells in the culture dish for hair inductive cell transplantations. To generate suffi-
cient cell quantities for hair regenerative therapies we sought to reprogram regular fibroblasts into DP cells. Over-
expression of previously identified DP signature transcription factors (TFs) in freshly isolated fibroblasts in combin-
ation with inhibitors of histone modifiers significantly upregulated several DP signature genes. Furthermore, 3D
aggregation clustering of TF overexpressing fibroblast lines isolated from double-transgenic Sox2-GFP/Lef1-RFP re-
porter mice activated reporter activity and induced the DP molecular identity. Our preliminary data suggest that
the right combination of DP TFs can reprogram DP niche fate in regular fibroblasts that can potentially be utilized
in future hair restoration efforts.
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MODELING PARKINSON'’S DISEASE USING INDUCED NEURAL PRECURSOR CELLS.

Bronwen J. Connor, Rebecca Pearman, Erin Firmin, Kathryn S. Jones
Pharmacology, University of Auckland,, Auckland, New Zealand

To date, our ability to effectively study and treat Parkinson’s disease (PD) has been limited by lack of access to affec-
ted human neurons. This restricts the ability to obtain important insights into PD pathology, progression and mech-
anism, preventing early diagnosis and the development of successful treatment strategies. To overcome this we
propose to use direct reprogramming of adult human dermal fibroblasts (HDFs) to generate neural precursor cells
and subsequently mature human dopaminergic (DA) neurons to facilitate the study of PD. In support of this propos-
al, we have demonstrated the ability to transform adult HDFs obtained from PD patients with the LRRK2 mutation
directly into neural precursor-like (iNP) cells. Ectopic expression of the neural genes SOX2 and PAX6 to either nor-
mal- or PD- derived adult HDFs allowed the generation of iNP colonies expressing a wide range of neural stem and
pro-neural genes. Most importantly, iNP colonies expressed a range of mesencephalic markers including ASCL1,
NGN2, NURR1, FOXA1, PITX3, NKX2.2 and LMX1A. Upon differentiation, iNP cells gave rise to neurons expressing
multiple neuronal markers, including the dopaminergic marker tyrosine hydroxylase (TH). To successfully develop
a human cell model of PD it is necessary to obtain high yields of dopaminergic neurons. We therefore optimized a
protocol for the efficient generation of dopaminergic neuronal cultures from normal and PD iNP cells. This protocol
generated an enhanced yield of TH-positive neurons (~50-70%) following differentiation of human iNP cells com-
pared to previous protocols utilizing iPS cells (~10-30%). These results demonstrate that direct reprogramming of



PD patient-derived HDFs to iNP cells provides an efficient mechanism for the generation of dopaminergic neurons
for PD modeling and drug development.
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TRANSCRIPTION FACTORS MYOCD, SRF, MESP1 AND SMARCD3 SIGNIFICANTLY ENHANCE THE CARDIO-INDUCING
EFFECT OF GATA4, TBX5, AND MEF2C DURING DIRECT CELLULAR REPROGRAMMING
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Transient over-expression of defined combinations of master regulator genes can effectively induce cellular repro-
gramming: the acquisition of an unpredicted phenotype from a differentiated cell lineage. This can be of particu-
lar importance in cardiac regenerative medicine as the heart lacks the capacity to heal itself, but simultaneously
contains a large pool of fibroblasts. In this study we used a multi-component experimental approach to determine
the cardio-inducing capacity of ten transcription factors to actuate cellular reprogramming of mouse embryonic
fibroblasts into cardiomyocyte-like cells: Mesp1l, SMARCD3, MYOCD, SRF, NKX2-5, HAND1, HAND2, GATA4, TBXS5,
MEF2C. Over-expression of transcription factors MYOCD and SRF alone or in conjunction with Mesp1 and SMARCD3
significantly enhanced the basal but necessary cardio-inducing effect of the previously reported GATA4, TBX5, and
MEF2C. In particular, combinations of the five or seven transcription factors significantly enhanced the activation
of cardiac reporter vectors, and induced an upregulation of cardiac-specific genes. Global gene expression analys-
is also demonstrated a significantly greater cardio-inducing effect when the transcription factors MYOCD and SRF
were utilized. Detection of cross-striated cells was highly dependent on the cell culture conditions and was en-
hanced by the addition of valproic acid and JAK inhibitor. Importantly, although we detected Ca2+ transient oscilla-
tions in the reprogrammed cells, we did not detect significant changes in resting membrane potential or spontan-
eously contracting cells. This study further elucidates the cardio-inducing effect of the transcriptional networks in-
volved in cardiac cellular reprogramming, with the aim of fine-tuning this approach and ultimately translating into
robust cardiac regenerative therapies.
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SMALL MOLECULE ENHANCED DIRECT CONVERSION OF ADULT DERIVED MOUSE AND HUMAN PATIENT
FIBROBLASTS INTO SPINAL MOTOR NEURONS
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The mammalian nervous system consists of a large variety of unique neuronal subtypes, some of which are affected
in particular neurodegenerative diseases. In the past several years, there has been a great deal of interest in es-
tablishing methods of producing large numbers of these neuronal types starting from patient biopsies. Generation
of induced pluripotent stem cells (iPSCs) followed by neuronal differentiation is a widely employed technique, but,
more recently, direct differentiation methods -generating neurons from fibroblasts without the need for an iPSC
intermediate -- have been established. One advantage of direct differentiation is that it can lead to more rapid pro-
duction of neurons, but this method can be inefficient, especially when starting from adult rodent or human fibro-
blasts.



We attempted to address this issue by deriving a rapid and effective protocol for producing induced spinal cord
motor neurons (iMNs). We performed a chemical screen of 400 selected compounds to identify ones that might
capable of improving the number of iMNs that appear as a result of transcription factor mediated reprogram-
ming, starting from tail tip fibroblasts of two-month-old Hb9::GFP mice. After three weeks, compounds were scored
based on the appearance of GFP+ iMNs, and secondary assays were then performed on potential hits. We found
that small molecule inhibition of Activin signaling improved iMN production over 40-fold by stimulating the survival
of both early reprogramming intermediates and of the resulting iMNs. Normal neural progenitors were not gener-
ated, though. Surprisingly, the small molecules were as, or more, effective in enhancing the production of human
iMNs. In addition, we found that inhibiting this pathway was also effective in helping to stimulate differentiation of
neurons of other subtypes, including induced forebrain neurons. The combination of defined transcription factors
and small molecule enhancers can now be used in efficient and rapid production of neurons from multiple patient
biopsies.

Supported by grants from the NINDS, the Harvard Stem Cell Institute and the New York Stem Cell Foundation.
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ENHANCED GENERATION OF INDUCED DOPAMINERGIC NEURONS FOR TRANSPLANTATION STUDIES
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Overexpression of three transcription factors Ascll, Brn2 and Myt1L (ABM) efficiently converts human embryonic
as well as post-natal fibroblasts into functional neurons, termed human induced neural (hiN) cells. We have shown
that simultaneous expression of the additional transcription factors Lmx1a and Foxa2 results in a dopaminergic cell
fate in hiN cells.

Performing a systematic screen and following a novel transduction strategy, a new combination of transcription
factors has been identified that leads to a 10-fold increased frequency of DA hiN cell formation from embryonic
and postnatal fibroblasts. The function of DA hiN cells in vitro has been determined by DA release and electro-
physiology. Current work focuses on the investigation of survival and function of DA hiN cells in rodent models of
PD as well as their gene expression profile.

Our data demonstrate an improved strategy to increase the generation of functional DA neurons from human fibro-
blasts, which survive up to 12 weeks upon grafting into adult rodents. The ability to direct hiN cells towards specific
subtypes of neurons at higher frequency as well as to graft reprogrammed cells offers exciting future possibilities
to generate patient-specific neurons for disease modeling and brain repair.
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Recent advances in stem cell biology have shown that terminally differentiated somatic cells can be directly conver-
ted to the different types of somatic cells with defined sets of transcription factors without going through a pluri-
potent state. Recently, it was demonstrated that the combinations of 2 (Hnf4a with one of the Foxal, Foxa2 and
Foxa3) or 3 (Hnfla/Foxa2/Gata4) hepatic transcription factors could directly convert fibroblasts into functional hep-



atocytes, namely induced hepatocytes (iHeps). However, both the low conversion rates and the unraveled mech-
anism of direct conversion into iHeps still remain to be elusive. Here, we show that additional transcription factor
together with previously described hepatic factors dramatically enhance the direct conversion process into iHeps.
Furthermore, in the presence of additional factors, Hnf4a alone could directly induce hepatocyte fate on fibroblasts
within 5 days. Directly converted iHeps closely resemble both iHeps generated from the previous combinations and
primary hepatocytes in a number of characteristics such as morphology, marker expression, epigenetic status, glob-
al gene expression pattern and the functionality. Therefore, our data suggest that additional transcription factor
dramatically enhance the direct conversion of fibroblasts into iHeps and also that additional factor could replace
some of the hepatic factors.
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EXPLORING NOVEL PATHWAYS OF NEURAL REPROGRAMMING BY INSTRUCTIVE FACTORS AND
PHARMACOLOGICAL INTERVENTION

Marc Thier, Woersdoerfer Philipp, Frank Edenhofer
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Transcription factor-driven reprogramming of somatic cells has been shown to yield neurons, cardiomyocytes,
neural as well as hepatocyte progenitors, demonstrating that direct conversion of somatic cells developed into a
new paradigm for both regenerative medicine and disease modeling. Recently, we demonstrated the direct de-
rivation of neural stem (NS) cells from mouse fibroblasts employing a modified Yamanaka-type reprogramming
paradigm. Retroviral transduction of Sox2, KlIf4, c-Myc and timely restricted activation of Oct4 was used to initiate
dedifferentiation of fibroblast cells and 19 days post infection we observed neurosphere-like colonies that could be
readily isolated and clonally expanded both in sphere and adherent cultures. Such induced NS (iNS) cells are able
to differentiate into all three neural lineages, neurons, astrocytes as well as oligodendrocytes. Fibroblast-derived
iNS cells exhibit clonal growth and maintain their marker expression profile and differentiation capability over pro-
longed expansion (>50 passages). Transduction of neurogenic transcription factors as well as application of small
molecule inhibitors were tested to explore alternative pathways of direct conversion. By this, we generated altern-
ative neural progenitor populations with modified differentiation potentials. Molecular mechanisms underlying re-
programming and therapeutic value of reprogrammed cells will be discussed. We expect converted somatic stem
cells such as iNS cells to provide a safe and robust, virtually unlimited source of patient-specific cells for future ap-
plications in regenerative medicine and disease modeling.
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DIRECT CONVERSION OF MOUSE FIBROBLASTS INTO OLIGODENDROCYTE PROGENITOR CELLS BY DEFINED
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Cell fate can be converted between different somatic lineages without passing pluripotent state. This advanced
method provides an alternative to using pluripotent stem cells and rule out the concern of tumorigenicity by un-
differentiated pluripotent stem cells during differentiation. Previous studies have shown that defined transcription
factors can convert the terminally differentiated somatic cells to other cell types, including induced neural stem
cells, hepatocytes, or cardiomyocytes. This strategy provided a new approach toward the regenerative medicine
and stem cell therapy for degenerative diseases.

Among many neurodegenerative diseases, oligodendrocyte dysfunction is caused by defect of myelination, includ-
ing multiple sclerosis, cerebral palsy, and leukodystrophies. Mechanisms these diseases are still unknown and trans-
plantation of myelin-forming cells into injured CNS can be the only possible therapeutics for myelin repair. In this



study, we suggest that generating oligodendrocyte progenitors is potential strategy to develop clinical application
for myelin disorders.

Here, we established the efficient derivation of induced oligodendrocyte progenitor cells (iOPCs) from mouse fibro-
blasts by inducing defined transcription factors. Importantly, these iOPCs are homogenous, self-renewal, and mul-
tipotent as somatic stem cells. iOPCs exhibit morphological and molecular characteristics of OPCs such as marker
expression. iOPCs can also differentiate into myelin-forming oligodendrocytes expressing mature oligodendrocyte
marker as well as in vivo functionality.

We conclude that terminally differentiated cells can be directly converted into functional iOPCs by defined tran-
scription factors. The generation of iOPCs may provide insights into future stem cell therapies for CNS injury and
degeneration.
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REMOTE CONTROL OF NEURONAL FIRING APPLICATION ON MOUSE INDUCED DOPAMINERGIC NEURONAL(IDAN)
CELLS
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Remote control of neuronal firing may currently be achieved through two well validated approaches: optogenetics
and pharmacogenetics. Both the methods allow a detailed analysis of the elecrophysiological properties of discrete
neuronal subpopulations genetically modified to express either light-gated ion channels or mutant G-protein
coupled receptors, respectively. In the present work we used a pharmacogenetic tool, known as DREADDs, to study
the properties of newly reprogrammed cells and compare them with primary cell culture. DREADDs are human
muscarinic receptors designed to be a) non- responding to their native ligand and b) activated exclusively by a bio-
logically inert synthetic drug called CNO (Clozapine- N-Oxide). Here two DREADDs known to modulate the neur-
onal excitability have been investigated: hM3Dq and hMA4D. It has already been demonstrated in several neuronal
populations that the activation of hM3Dg by CNO promotes the enhancement of neuronal firing, whereas the ac-
tivation of hM4D induces silencing. We sought to apply DREADDs technology on two kinds of cells: mesencephal-
ic dopaminergic primary neurons and dopaminergic neuronal cells obtained through direct reprogramming (iDAN
cells).Whole-cell patch-clamp recordings show that application of CNO on DREADDs expressing cells is able to eli-
cit a significant modulation of action potentials frequency with a similar pattern either in primary cell culture or in
iDAN cells.
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Direct reprogramming provides the intriguing ability to change the identity of a cell while preserving its genetic
information. Recent studies suggest select transcriptional regulators can reprogram cells not only to pluripotency,
but also to specific somatic cell states, an approach that could have significant translational utility. However, while



several studies have evaluated the integrity of iPSCs, it remains unclear if somatic cells generated by direct repro-
gramming achieve complete transcriptional, functional, and epigenetic conversion.

To this end, we have evaluated these aspects of lineage conversion in induced motor neurons (iMNs) generated
from mouse and human fibroblasts using MN-specific transcription factors. Because iMNs are a specific subtype
of neuron that have a well-defined counterpart in mice and humans, we can directly compare their molecular and
functional properties.

We first compared the transcriptional profiles of flow-purified Hb9::GFP+ mouse iMNs, bona fide spinal cord MNs,
mESC-derived MNs, miPSC-derived MNs, as well as fibroblasts and pluripotent stem cells using genome-wide RNA
seq. While all MN samples clustered together, iMNs were more similar to spinal cord MNs (Pearson coefficient
=.90) than were stem cell-derived MNs (Pearson coefficient = .85-86). While ~4500 genes were differentially ex-
pressed between iMNs and fibroblasts, only 500 genes differed between iMNs and spinal cord MNs and ~700 genes
differed between stem cell-derived MNs and spinal cord MNs. Thus, the transcriptional profile of iMNs is highly
similar to that of spinal cord MNs while that of stem cell-derived MNs is less similar, indicating that transcriptional
reprogramming is essentially complete in iMNs.

To investigate the level of epigenetic reprogramming in iMNs, we mapped their genome-wide DNA methylation
profile by bisulfite sequencing. In contrast to transcription, methylation differed significantly between iMNs and
spinal cord MNs within and outside of promoter regions while methylation in stem cell-derived MNs was similar
to that of spinal cord MNs. During reprogramming, the iMN profile shifted away from the fibroblast pattern but by
day 25 was equidistant between fibroblasts and spinal cord MNs. Thus, transcriptional reprogramming precedes
and does not require full epigenetic reprogramming.

Next, we evaluated the functional properties of iMNs. They possessed full electrophysiological function and formed
neuromuscular junctions in which we readily observed iMN-induced muscle contraction. In addition, mouse iMNs
engrafted correctly into chick spinal cord upon transplantation. To evaluate their utility in modeling amyotroph-
ic lateral sclerosis (ALS), in which motor neurons degenerate, we produced human iMNs containing familial ALS
mutations in the gene SOD1. In culture, the ALS iMNs degenerated >2-fold faster than those from 12 healthy indi-
viduals and exhibited marked hyperexcitability, which has been observed in SOD1 mutant mice and patients and is
believed to drive neurodegeneration. Moreover, iMNs from an additional 4/4 familial and 6/21 sporadic patients
degenerated rapidly in culture similarly to the SOD1 mutant iMNs. Thus, iMNs possess all measureable functional
gualities of motor neurons.

These results show that full transcriptional and functional reprogramming can occur before and without full epi-
genetic reprogramming during direct conversion to adult somatic cell types.
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NEW TRANSCRIPTION FACTOR CODES FOR DIRECT REPROGRAMMING OF FIBROBLASTS TO SPECIFIC NEURAL
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Remarkably, recent studies have shown that functional neurons can be generated directly from fibroblasts by ec-
topically expressing specific combinations of transcription factors or microRNAs. These induced neurons (iNs) will
be most useful for disease modeling or therapy if it is possible to control their subtype identity and/or develop-
mental stage in vitro. At present it is not clear how many different neural lineages can be generated by direct re-
programming. To address this question, we have used a mouse line that allows us to screen for the generation of
neurons that express the Pcdh21 gene, which is highly enriched in a few rare neuronal subtypes, including the ex-
citatory olfactory bulb mitral and tufted projection neurons. We find that Pcdh21-expressing iNs are not produced
using previously published combinations of factors, but that these neurons arise with high efficiency using two new
factor combinations. These Pcdh21-expressing iNs exhibit spontaneous and evoked patterns of neural activity and
express other genes consistent with a mitral and tufted neuronal identity. We will present additional data to charac-



terize the endogenous neuronal subtypes and developmental stage that these Pcdh21-expressing iNs most closely
resemble.
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INVESTIGATING GENETIC PREDISPOSITION TO ADDICTION WITH INDUCED NICOTINIC NEURONS

Joel W. Blanchard, Kevin T. Eade, Kristin Baldwin
Scripps Research Institute, La Jolla, CA, United States

Tobacco addiction is the leading cause of death in the United States, and is attributed to nearly 5 million deaths worldwide
each year. Nicotine is the principle-reinforcing agent in tobacco, exerting its addictive effect on the brain through nicotinic
acetylcholine receptors. Genome-wide association studies have identified SNPs in nicotinic acetylcholine receptors that
strongly correlate with heavy smoking, nicotine dependence, lung cancer, and heart disease. Mouse studies established that
a small midbrain structure, known as the medial habenula (mHb), is responsible for sensing and regulating the amount of
nicotine intake, suggesting it may play a major role in human addictions. Although the medial habenula and genetics predis-
pose individuals to nicotine addiction, no cessation therapy selectively targets either. A major limitation to developing mHb
and genetically targeted therapies is the absence of in vitro models enabling such studies. To address these limitations we
have developed methods employing stem cell technologies that convert mouse fibroblasts to neurons that resemble those of
the medial habenula, express nicotinic receptors, and respond to nicotine. We are optimizing these findings by determining
the minimal set of transcription factors and growth conditions required for efficiently converting mouse fibroblasts to mature
induced nicotinic neurons (iNNs). Once optimal methods for generating iNNs are established, we will examine how common
genetic elements that strongly correlate with heavy smoking impair nicotine sensing and response in iNNs. These studies will
deliver an in vitro model of medial habenula neurons and establish differences in nicotine sensing and response due to genet-
ic elements known to predispose individuals to nicotine addiction. This work will lay the foundation for future studies aimed
at identifying aberrant intracellular signaling pathways in mHb neurons that mediate addiction, and also establish in vitro as-
says of addiction that can be used to screen for new classes of genetically tailored cessation therapies.
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HYPOMETHYLATION OF DNMT1 GENE REMOVES THE BARRIER OF IPSC REPROGRAMMING

Julia Chung, Camille Sindhu, Zachary Smith, Atsushi Into, Alexander Meissner, Kevin Eggan
Stem cell and regenerative biology, Harvard University, Cambridge, MA, United States

Reprogramming somatic cells into induced pluirpotent stem cells (iPSCs) by defined transcription factors holds great potential
for biomedicine. However, reprogramming process retains slow kinetics and low efficiency. Reprogramming of somatic cells
into iPSCs resets the epigenome to embryonic-like state which remains hypomethylation in pluripotentcy genes. We hypo-
thesized that hypomethylation of DNA methyltransferase 1 (Dnmtl) gene might increase the reprogramming potential and
perturb a blockade of iPSC reprogramming. Here, we have generated an allelic series of Dnmt1 MEFs, which have differentially
modulated Dnmt1 expressions, and investigated the reprogramming efficiency. We found that a 90% reduction in the Dnmt1
level enhances the dynamic of reprogramming over 4-folds, although it causes cell death in hypomorphic MEFs. Furthermore,
DNA demethylation synergized with histone demethylation increases their conversion rates up to 10-folds. At the epigenetic
level, methylation levels of Oct4 enhancer are reduced in hypomrophic MEFs, indicating that Dnmt1 demethylation unravels
the repressive effect in the Oct4 regions. Our findings demonstrate that Dnmtldemethylation can increase reprogramming
potential of somatic cells. Collectively, our data offer new insights into the nature of epigenetic events inherent to cellular
reprogramming.
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INDUCTION OF PLURIPOTENCY IN PRIMORDIAL GERM CELLS (PGC) BY INHIBITION OF TGFB SIGNALLING PATHWAY

Farnoosh Attaril, Houri Sepehril, Abdolhossein Shahverdiz, Hossein Baharvand?
1Department of Animal Biology, School of Biology and Center of Excellence in Phylogeny of Living Organisms, College of

Science, University of Tehran, Tehran, Iran, Islamic Republic of, ZDepartment of Stem Cells and Developmental Biology, Cell
Science Research Center, Royan Institute for Stem Cell Biology and Technology, ACECR, Tehran, Iran, Islamic Republic of

Introduction: Primordial germ cells (PGCs) have the ability to reprogram into a pluripotent state, named embryonic germ cells
(EG) in vitro. In Comparison to iPS cell derivation, the EG cell formation is more efficient and has a shorter culture period
than somatic cell reprogramming, furthermore no exogenous genetic manipulations is required in the process. Therefore, EG



cell formation provides a good model to analyze mechanisms by which committed cells acquire pluripotency. So in
this study we have tried to induce reprogramming of PGCs toward EG cells with suppressing TGF-B signaling and
simultaneous inhibition of ERK pathway with the aim of eliminating usage of GSK3 inhibitor that was previously re-
ported for reprogramming of PGCs. Materials and Methods: To obtain a better robust derivation protocol, we have
attempted to identify small molecules (SMs) that induce reprogramming of PGCs in culture. PGCs were isolated and
cultured with the presence of different SMs. The emerged EG colonies were picked and expanded in the mentioned
medium. The obtained cell lines were further analyzed by immunofluorescent staining, directed differentiation abil-
ity and teratoma formation. Results: In this study we have shown that PGCs could be reprogrammed, maintain and
expand under feeder and serum free chemically defined conditions by dual inhibition of two signaling pathway and
demonstrated that there is no need for GSK3 inhibition for achievement of EG cells from PGCs. Discussion: Here we
report that PGCs from different embryo ages (8.5-12.5) can be reprogrammed into pluripotent stem cells through
manipulating signaling pathways under chemically modified culture condition, regardless of animal genetic back-
ground. Future studies will determine whether generation of EG cells by inhibiting mentioned pathways could be
applied to other mammals, especially human and Rat.
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TRANSFORMATION OF PORCINE PRIMORDIAL GERM CELLS INTO EMBRYONIC GERM CELLS UNDER APPROPRIATE
CULTURE CONDITION WITH SMALL MOLECULES

Yanjie Guo, Shigiang Zhang, Huayan Wang
Dept. Biotechnology, Northwest A&F University, Yangling, China

Embryonic germ (EG) cells are derived from primordial germ cells (PGCs) in vitro under the appropriate culture con-
ditions. EG cells retain the pluripotent and proliferative capacity, which is thought to be equivalent to that of mouse
embryonic stem cells. The difficulties of isolating and maintaining EG cells in vitro have restricted their availability
for experimental use. To optimize the culture condition, porcine PGCs were isolated from porcine fetus at day 24
of gestation and cultured in media with the different treatments. Three elements, including culture media, feed-
er cells and small molecules, have been detected to influence the growth of porcine PGCs. When cultured in the
basal medium that consists of DMEM supplemented with FBS, LIF, bFGF and SCF for 7 days, PGC clones were in-
vestigated by the alkaline phosphatase (AP) activity. The EG cells derived from AP positive colonies represented the
naive-like morphology and were able to propagate on mouse embryonic fibroblasts(MEF) feeder for up to 15 pas-
sages, retaining the undifferentiated features. However, EG cells cultured on feeders of porcine embryo fibroblasts
(PEF) and stromal cells from mesonephron region, respectively, were unstable and differentiated rapidly. In addi-
tion, EG cells were positive for OCT4, SOX2 and SSEA-4, but negative for SSEA-1 by immunofluorescence staining.
Quantitative RT-PCR showed that expression of OCT4, NANOG and EpCAM was significantly higher in EG cells than
that in porcine somatic cells. We found that the basal medium supplemented with inhibitors of MEK (PD0325901),
GSK3B (CHIR99021) and TGFB (SB431542) could greatly enhance the proliferation of porcine PGC in vitro and clone
formation, which were 40 folds higher than that in basal condition. In basal medium added with SB431542 only,
the number of PGC clones was elevated ~20 folds. However, basal medium with either PD0325901 or CHIR99021
was just slightly influence the rate of clone formation, suggesting that SB431542 played a critical role in forming
the AP positive clones. In summary, we established an efficient culture condition to maintain porcine PGCs growth
in vitro, and to facilitate the EG cells derivation and further investigation on porcine pluripotent cells.
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TARGETED MANIPULATION OF CELL CYCLE AND GENOME STABILITY REGULATORS OVERCOMES RESISTANCE TO
REPROGRAMMING IN CELLS FROM FANCONI ANEMIA PATIENTS

Timothy M. Chlon!, Elizabeth E. Hoskins!, James M. Wells2, Susanne I. Wells!
AExperimental Hematology, BDeve/opmentaI Biology, ICincinnati Children's Hospital, Cincinnati, OH, United States



Fanconi Anemia (FA) is a genetic disease that results from inactivating mutations in one of 15 known genes that are
part of a DNA repair pathway. Two recent studies have revealed that cells from FA patients are refractory to somat-
ic cell reprogramming under standard conditions, unless the mutated gene is complemented. One of these studies
found that culturing FA cells in hypoxia, which is known to increase reprogramming efficiency in normal cells, also
increased the efficiency of iPS colony formation in the context of FA. While an increase in DNA damage and sen-
escence markers was noted during reprogramming in FA cells compared to normal cells, the molecular mechanism
by which the FA pathway contributes to reprogramming remains to be elucidated. It is hypothesized that somatic
cell reprogramming induces DNA damage, perhaps through the generation of reactive oxygen species (ROS), and
that the inability of FA cells to repair this damage results in senescence. The p53 tumor suppressor is known to
respond to increased DNA damage by stalling cell cycle progression and even inducing cell death. Inhibition of p53
in normal cells has been shown to dramatically increase the efficiency of reprogramming, indicating that p53 sig-
naling inhibits reprogramming. In this study, we hypothesized that inhibition of p53 or other cell cycle and genome
stability regulators would allow FA cells to overcome the block to reprogramming.

We used small molecule inhibitors and retrovirally-expressed oncogenes to target various cell cycle and genome
stability regulators during FA cell reprogramming. Our initial results indicate that inhibition of p53, using either the
human papillomavirus oncogene E6, the p53 dominant-negative protein p53dd, or p53 specific shRNAs induces
iPSc colony formation in FA patient cells. Additionally, treatment with rapamycin or the ROCK inhibitor Y-27632 also
induced robust colony formation. Reprogrammed colonies were identified by morphology and positive staining for
Tra-1-60 and alkaline phosphatase activity. Our results indicate that multiple pathways can be manipulated to over-
come the deficiency of reprogramming in FA cells, and highlight the need to study the consequences of FA pathway
loss on cell proliferation and self-renewal in pluripotent stem cells.
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HIGHER ORDER CHROMATIN STRUCTURE SHAPES THE GENOMIC ABERRATION LANDSCAPE OF PLURIPOTENT
STEM CELLS

Junjie Lul, Hu Liz, Ming Hu3, JunS. Liu3, James J. CoIIinsz, Paul H. Lerou?

1pepartment of Newborn Medicine and Division of Genetics, Brigham and Women's Hospital / Harvard Medical

School, Boston, MA, United States, 2Howard Hughes Medical Institute, Department of Biomedical Engineering and
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Genome organization is intrinsically connected to various functions, including DNA replication, damage repair and
genomic aberrations. To investigate the functional effects of genome organization and reorganization during nuc-
lear reprogramming, we mapped one major type of genomic aberration - copy number variations (CNVs) detected
by SNP arrays - from low and high passage induced pluripotent stem cells (iPSCs) to megabase-sized chromatin
domains defined by DNA replication timing and Hi-C chromatin interactions of the same matched cell types. We
found that CNVs are not randomly distributed throughout the genome, consistent with recent reports on the re-
lationship between certain genomic variations in cancer cells and DNA replication timing. In wild type (WT) iPSCs,
CNV gains enrich in early replicating domains and open chromatin region while losses enrich in late replicating and
closed chromatin regions. However in iPSCs derived from Ataxia-Telangiectasia patients (ATM iPSCs), where DNA
damage response and repair (DDR) system is deficient, this trend is markedly different. In low passage ATM iPSCs,
gains tend to affect late replicating domains while losses enrich in early domains. However CNVs in higher passage
ATM iPSCs have a similar trend as those detected in WT cells. Moreover, we found that the appearance of CNVs is
related to the changes in replicating timing program between somatic cells and iPSCs. Our results demonstrate that
the dynamic mutational landscape of iPSCs is shaped by genome organization and provide important insights into
the effect of genome reorganization and the roles of DDR during reprogramming.
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GENERATION OF GGTA1 BIALLELIC KNOCKOUT PIGS VIA ZINC-FINGER NUCLEASES AND SOMATIC CELL NUCLEAR
TRANSFER

Haide Chen?, Lei Bao?, Lei Xiao?

1Co/lege of Animal Science, Zhejiang University, Hangzhou, China, ZShanghai Institute of Biochemistry and Cell Bi-
ology, Shanghai, China

Genetically modified pigs are valuable models of human disease and donors of xenotransplanted organs. Conven-
tional gene targeting in pig somatic cells is extremely inefficient. Zinc-finger nuclease (ZFN) technology has been
shown to be a powerful tool for efficiently inducing mutations in the genome. However, ZFN-mediated targeting in
pigs has rarely been achieved. Here, we used ZFNs to knock out the porcine a-1, 3-galactosyl-transferase (GGTA1)
gene, which generates Gal epitopes that trigger hyperacute immune rejection in pig-to-human transplantation.
Primary pig fibroblasts were transfected with ZFNs targeting the coding region of GGTA1. Eighteen mono-allelic and
four biallelic cell clones were obtained after drug selection with efficiencies of 23.4% and 5.2%, respectively. The bi-
allelic cells were used to produce cloned pigs via somatic cell nuclear transfer (SCNT). Three GGTA1 null piglets were
born, and one knockout primary fibroblast cell line was established from a cloned fetus. Gal epitopes on GGTA1
null pig cells were completely eliminated from the cell membrane. Functionally, GGTA1 knockout cells were pro-
tected from complement-mediated immune attacks when incubated with human serum. This study demonstrated
that ZFN is an efficient tool in creating gene-modified pigs. GGTAI null pigs and GGTA1 null fetal fibroblasts would
benefit research and pig-to-human transplantation.
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OPTIMISED DERIVATION OF INDUCED PLURIPOTENT STEM CELLS FROM HUMAN AND MOUSE GRANULOCYTES

Jaber Firas, Christian M. Nefzger, Sue Mei Lim, Jose M. Polo
Anatomy and Developmental Biology, Monash University, Melbourne, Australia

Like Embryonic stem cells (ESCs), induced pluripotent stem cells (iPSCs) are characterised by their ability to differen-
tiate into any cell type of the body. However, unlike ESCs, iPSCs can be derived by reprogramming mature cells via
the forced expression of OCT4, SOX2, KLf4 and c-MYC. Accordingly, iPSCs circumvent ethical issues attached to ESC
research and have a vast therapeutic potential for disease modelling, pharmaceutical screening and autologous cell
therapy. The most common source for iPSC derivation is skin fibroblasts. However, from a clinical point of view, skin
fibroblast may not be the ideal cell type, since their acquisition requires an invasive approach such as skin biopsies.
Peripheral blood (PB), on the other hand, could be an easy source of patient specific iPSCs because of the availab-
ility of minimally invasive collection methods. Granulocytes in particular are highly abundant in PB and constitute
40-60% of all white blood cells. Furthermore, fluorescence activated cell sorting allows the isolation of these cells
at high purity, thus iPSCs derivation from granulocytes could provide an alternative to fibroblast derived iPSCs. Pre-
vious study succeeded in producing iPSC colonies from murine granulocytes and human mononuclear blood cells
but with a low efficiency. Hence, the aim of this study is to increase the efficiency of granulocyte reprogramming
into iPSCs from murine and human sources. As granulocytes display poor survival under traditional reprogramming
conditions, we investigated the influence of haematopoietic growth factors to stabilise this cell type in vitro and
allow for more efficient reprogramming. Granulocytes were isolated from murine bone marrow or human PB and
cultured in the presence of a variant of growth factors early or continuously during the reprogramming process.
Our preliminary results show that specific growth factors had a significant effect in enhancing the generation of
iPSC cells from granulocytes, while other factor combinations had a detrimental effect. In summary, our study has
identified haematopoietic cytokine combinations and factors that have a profound effect on the reprogramming of
granulocytes. Furthermore, we have devised and optimised a reprogramming protocol for granulocytes. This work
can serve as a basis for future work in obtaining large numbers of iPSCs from a clinically relevant cell source.
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VALIDATION OF A UNIVERSAL INFORMATICS TOOL FOR KINETIC COLONY CHARACTERIZATION IN TIME-LAPSE
MICROSCOPY

Zakary A. Kenyon, Samuel V. Alworth, James S.J. Lee
DRVision Technologies LLC, Bellevue, WA, United States

The ability to reprogram somatic cells to an embryonic stem cell-like state has had landmark impact on basic bio-
logical research, drug screening, and drug discovery. In order to transition induced pluripotent stem cell (iPSC)
technology to the clinic for personalized cell therapy, better reprogramming or direct differentiation strategies are
needed to eliminate the viral/genetic footprint. Informatics tools are needed to help scientists develop these new
strategies by quantifying images of cells and colonies undergoing reprogramming, expansion or differentiation to
extract objective and salient features to reliably predict and/or report assay outcomes. Such tools must be flexible
for the universal detection of discriminating cellular kinetic and morphological features for different magnifications,
seeding densities, protocols and patient types (i.e. sick, healthy).

We have developed an informatics tool for comprehensive colony characterization in time-lapse sequences. The
tool provides flexible colony detection that works for phase contrast and fluorescence, different magnifications,
protocols and patient types. The tool can characterize colony formation kinetics at very early time-points. The tool
can be easily optimized for different cellular kinetics and morphologies using step-by-step user interface that in-
cludes machine learning technologies and teach-by-example interfaces. The tool can quantify many aspects of the
single colony kinetics including morphological and fluorescence measures, shape and texture.

We have amassed a large database of images showing fibroblast cells undergoing reprogramming and forming
colonies. The database includes several magnifications, three reprogramming protocols, different seeding densities,
and disease patients and controls. In the present study, we use this image database with annotated truth to validate
the performance of the tool’s colony characterization. Many parameters are assessed such as detection, segment-
ation (i.e. colony border definition) and tracking accuracy. Here we present the tools methodology and validation
data which shows good performance on a broad range of usage scenarios.

Supported in part by grant number 4R44HL106863 from the NHLBI.
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AUTOMATIC, LABEL-FREE AND REAL-TIME SELECTION OF IPSC COLONIES AT THE TIME OF COLONY EMERGENCE
DURING REPROGRAMMING.
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The ability to reprogram somatic cells to an embryonic stem cell-like state has had landmark impact on basic bio-
logical research, drug screening, and drug discovery. However, picking true induced pluripotent stem cell (iPSC)
colonies can be unreliable, costly and time consuming. In particular, currently there are no methods to consist-
ently pick fully reprogrammed iPSC colonies at early time points. Early automated selection of iPSC colonies would
greatly reduce the cost and labor of iPSC production, facilitating 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.

Previously, using time-lapse, phase contrast microscopy and kinetic image pattern recognition methods applied to
retroviral reprogramming of patient fibroblasts, we uncovered a promising, characteristic pattern of colony forma-
tion that can be recognized and used to predict the colonies that would become fully reprogrammed. The approach
requires three days of imaging (one image every six hours) and quantitative characterization of colony emergence
from the time the colonies are first detected. In practical usage, only a few fully reprogrammed iPS colonies are
needed to establish new iPSC lines. Thus, we designed our approach to achieve very high specificity while allowing



lower sensitivity. However, in our previous study we were unable to analyze all of the roughly four thousand colon-
ies which were imaged in the 100 mm dish, and could not be sure of the actual false positive rate of our method.
In the current study, we improved the automated image analysis and colony prediction methods so that all colon-
ies’ formation kinetics could be analyzed and the true performance assessed. To this end, we employed time-lapse
microscopy to image retrovirus- and Sendai virus-mediated reprogramming of healthy and disease-specific fibro-
blasts, using KIf4, Oct3/4, Sox2 and c-Myc. Here we present our new method and results that show iPS selection
within 3 to 5 days of colony emergence with high specificity when applied to a large number of colonies. We be-
lieve that this imaging method can ultimately be applied to fully automate large-scale production and selection of
IPSCs.

Supported in part by grant number 4R44HL106863 from the NHLBI and the Harvard Stem Cell Institute.
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CONVERSION OF A RING CHROMOSOME TO UNIPARENTAL DISOMY DURING HUMAN INDUCED PLURIPOTENT
STEM CELL GENERATION-IMPLICATIONS FOR DISEASE MODELING AND REPAIR

Marina Bershteynl, Yohei Hayashiz, Edward Hsiao?, Guillaume Desachyl, Kathryn Tsangl, Lauren Weiss?, Shinya
Yamanaka?, Anthony Wynshaw-Boris1
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Ring chromosomes are found in individuals with mental retardation, seizures and other developmental disorders.
Generation of induced pluripotent stem cells (iPSCs) from human fibroblasts with ring chromosomes has not been
reported, and it is unclear whether such cytogenetic abnormalities can be modeled with iPSCs. In the course of
producing human iPSC models of Miller-Dieker Syndrome (MDS), the most severe form of lissencephaly associ-
ated with mental retardation and intractable epilepsy, we tested whether cells from patients with ring chromo-
somes could undergo reprogramming. MDS is always caused by heterozygous deletions of the most distal region
of 17p13.3, with the critical missing region spanning from LIS1 to YWHAE. We used a non-integrating, episomal
approach to produce iPSCs from three MDS patients where one of the patients had a ring chromosome 17 with
a 17p13.3 deletion (referred to as MDS-1r(17)), while the other two patients (MDS-2 and MDS-3) had similar de-
letions without a ring chromosome. iPSCs derived from all three MDS patients were functional and exhibited wild
type characteristics of self-renewal and differentiation capacity in vitro and in vivo. However, upon differentiation
into cortical type neuronal progenitors, MDS-2 and MDS-3 cells exhibited severely impaired proliferation while
MDS-1r(17) cells behaved like wild type controls. We investigated the origin of this phenotypic difference and
discovered that several independent iPS lines derived from MDS-1r(17) cells had unexpected normal karyotypes
without the ring chromosome 17 and surprisingly had wild type levels of LIS1 and YWHAE, in contrast to the 50%
reduction of levels of these genes measured in original fibroblasts as well as in iPS lines derived from MDS-2 and
MDS-3 patients. SNP arrays revealed two copies of the wild type chromosome 17 in successful iPS clones from
MDS-1r(17) fibroblasts, suggesting that compensatory uniparental isodisomy had occurred during the process of
reprogramming. Collectively, our results indicate that ring chromosome 17 cannot be modeled in iPSCs as it is in-
compatible with pluripotent stem cell maintenance. We are in the process of investigating whether this phenomen-
on is generalizable to other ring chromosomes. Importantly, iPSC reprogramming appears to be a very effective way
to correct for this cytogenetic abnormality with important implications for regenerative medicine.

Regeneration Mechanisms
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e ASTROGLIAL ACTIVATION BY ENRICHED ENVIRONMENT AFTER TRANSPLANTATION OF MESENCHYMAL STEM
CELLS ENHANCES ANGIOGENESIS AND FUNCTIONAL RECOVERY IN CHRONIC HYPOXIC-ISCHEMIC BRAIN INJURY
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Objective: This study aimed to investigate the effects of angiogenesis coupled with astroglial activation by enriched
environment(EE) after transplantation of mesenchymal stem cells(MSCs) on neurobehavioral function in an animal
model of chronic hypoxic-ischemic (HI) brain injury.

Methods: HI brain damage was induced in 7-day-old CD-1° mice by unilateral carotid artery ligation and exposure

to hypoxia(8% O3 for 90 min). At 6 weeks of age, the mice were randomly injected with either MSCs(1x10° cells)
or phosphate buffered saline(PBS) into the striatum and assigned to either EE or standard cages(SC), comprising
MSC-EE, MSC-SC, PBS-EE, PBS-SC. Whereas SC controls were housed for the same duration in a standard cage
without social interaction, EE mice were housed in a huge cage(86x76x31 cm) containing novel objects and run-
ning wheels for voluntary exercise, allowing for social interaction(12-15 mice/cage) for up to 2 months. Rotarod,
forelimb-use asymmetry, grip strength, and openfeild tests were performed to evaluate neurobehavioral function.
We confirmed the fate of transplanted cells, activated astrocytes and glial scar using immunohistochemistry(IHC).
To identify growth factors that are regulated by MSC transplantation and/or EE, neostriata separated from brain,
a array-based multiplex ELISA assay was used to determine which of the following 10 cytokines or growth factors
were detectable in the neostriata. We also evaluated platelet endothelial cell adhesion molecule-1(PECAM-1) and
a-smooth muscle actin(a-SMA) using IHC. Results: EE after transplantation of MSCs synergistically improved rotar-
od latency at constant speed of 48 rpm and at accelerating speed (p<0.05). In ladder walking test, the percent-
age of slips was significantly decreased in MSC-EE(p<0.05). The grip power relative to preoperative evaluation in
the contralateral hemiplegic limb showed significant improvements in MSC-EE(p<0.05). The density of the trans-
planted cells in the striatum, were 2.34 fold significantly higher in MSC-EE mice than in MSC-SC mice at 2 weeks
after treatment (p<0.05). Although grafted cells did not differentiate into a large number of neuronal lineage cells,

Tuj-1* neurons of grafted cells labeled with BrdU were 2.51 times increased in the MSC-EE group than that in the
MSC-SC group at 2 weeks after treatment (p<0.05). Furthermore, striatal neurogenesis in MSC-EE mice was sig-
nificantly increased compared to that in the PBS-SC controls in the damaged striata (p<0.05). The level of FGF-2
was significantly elevated in mice with EE after transplantation of MSCs at post-treatment 2 weeks (p<0.001) and 8

weeks (p<0.05). The number of PECAM-1* endothelial cells was significantly higher in mice in EE than those in SC
after transplantation of MSCs. Two weeks after EE and MSC transplantation, increased densities of PECAM-1* and

a-SMA* cells were coupled with increased GFAP* astroglial density in the striatum. However, the levels of the glial
scar marker CS-56 did not differ among the groups, demonstrating that the combination of EE and MSCs do not in-
crease the detrimental glial scar formation which inhibits neuroregneration after damage. Conclusion: EE and MSC
transplantation synergistically improved neurobehavioral functions. The underlying mechanisms of this synergism
included enhanced repair processes such as higher engraftment of the transplanted MSCs, increased endogenous
angiogenesis and astrocyte activation coupled with upregulation of FGF-2.
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PRIMING BONE MARROW DERIVED MESENCHYMAL STEM CELLS FOR IMPROVED PARACRINE ACTIVITY

Martin J. Stoddart
AO Research Institute Davos, Davos Platz, Switzerland

Introduction: The immediate response to injury is inflammation. The chemotactic and pro-inflammatory factors
secreted by different cells following injury are crucial for triggering tissue regeneration. Specifically, these factors
induce homing mechanisms of progenitor cells residing in bone marrow or various organs and the release of sec-
ondary signaling molecules involved in healing process and cell differentiation. The importance of these factors is
often omitted in bone tissue engineering strategies supporting bone regeneration. We aimed to evaluate the influ-
ence of these signals on human bone marrow stromal cells.

Methods: Human bone marrow was obtained from four patients (40-65 years old) undergoing hip replacement.
Bone marrow stromal cells (MSC) were isolated through Ficoll gradient followed by adhesion to the plastic. Prolif-



erating cells were treated for 2 hours with interleukin 1 B (IL1B; 10ng/ml), Granulocyte colony stimulating Factor
(GCSF; 100ng/ml), Stem Cell Factor (SCF; 100 ng/ml) or Stromal Cell-Derived Factor 1 (SDF-1; 1ug/ml) supplemen-
ted to the culture medium (DMEM, 10% Fetal Bovine Serum and 1% antibiotics). Then, cells were incubated with
fresh medium for following 72 hours. After that time, total RNA was extracted from cells with TRI reagent followed
by on-column clean up and gene expression of 84 cytokines was assessed using RT2 Profiler PCR Array according to
the manufacturer protocol (Qiagen). The mRNA expression levels of cytokine mRNA in treated cells were normal-
ized relative to untreated cells (control). For each treatment, cells from at least three donors were included.
Results: As expected the extent of gene regulation was affected by donor variability. Nevertheless, consistent ef-
fects of stimulation on several genes important in bone regeneration processes were observed. IL-1B treatment in-
duced the up-regulation of genes involved in angiogenesis (IL-6, IL-8) and osteoclastogenesis (TNSF11), while down-
regulating genes regulating chondrogenesis (GDF5). Conversely to IL-1B, GCSF negatively regulated expression of
gene involved in osteoclastogenesis (INFA1). Indeed, GCSF stimulated expression of anti-inflammatory genes sup-
porting growth of hematopoetic progenitors (IL-8) and bone formation (IL-10). SCF induced the up-regulation of
genes regulating cell differentiation (GDF9) and osteoclast differentiation (TNFSF14). Similarly, SDF-1 positively reg-
ulated expression of bone formation factors (IL10, BMP8B). Down-regulation of IL-1B was reported in cells treated
with SCF and SDF-1.

Discussion: The results of a 2 hour stimulation of human MSCs with IL-1B, GCSF, SCF and SDF-1 demonstrate the
influence of these factors on the expression of genes involved in the bone regeneration process. These results were
obtained 72 hours after stimulation, suggesting that a short stimulation, which is feasible within an operating theat-
er, has a longer lasting effect during the vital engraftment period. Grouping of these genes regarding their function-
al activity allows identifying the relation between the stimulating factor and its action required for callus formation,
remodeling, angiogenesis, osteoblast and osteoclast differentiation.

Significance: Integrating inflammatory modulation in bone tissue engineering would provide more powerful
strategy to enhance bone regeneration processes.

W-2243

ACUTE INFLAMMATION THROUGH LEUKOTRIENE SIGNALING PATHWAY TRIGGERS SPECIFIC REGENERATIVE
MOLECULAR PROGRAMS OF THE ADULT ZEBRAFISH BRAIN

Caghan Kizil, Nikos Kyritsis, Michael Brand
Center for Regenerative Therapies (CRTD), TU Dresden, Dresden, Germany

The plasticity of the nervous system in zebrafish is unequalled among vertebrates, for instance regarding the re-
generative capacity, which manifests poorly in mammals. The disparity between the regenerative capacities of the
central nervous system (CNS) of these animals might be stemmed from the prevalence of specific molecular pro-
grams that are turned on specifically after the insult. We previously identified that the injury-induced expression of
the transcription factor gata3 is one such specific regeneration readout in zebrafish, as gata3 expression is turned
on only after an injury in the radial glial stem cells of the adult zebrafish forebrain, but not in mammalian brains.
Using morpholino-mediated gene knockdowns, we found that gata3 was required for injury-stimulated prolifera-
tion of the stem cells and subsequent regenerative neurogenesis in fish. Yet, the molecular signalling pathways ini-
tiating this specific regeneration program with the injury-induced expression of gata3 was unclear. Therefore, we
investigated the initial cues that trigger the regeneration response in adult fish brain. By performing transcription-
al profiling experiments on the radial glial cells (RGCs) and developing a novel microinjection method in zebrafish
brain to manipulate inflammation, we found that acute inflammation is the cue that triggers specific regenera-
tion programs in zebrafish. To test the effects of acute inflammation, we induced sterile inflammation after inject-
ing fluorescent immunogenic molecules without a traumatic lesion. We showed that this injection elicits a prop-
er neuroinflammation similar to that after the lesion based on the expression dynamics of pro-inflammatory cy-
tokines, leukocyte recruitment, and macrophage morphology. We found that sterile acute inflammation is suffi-
cient to enhance the proliferation of RGCs and neurogenesis without causing any cell death. When we immunosup-
pressed the fish with Dexamethasone after the lesions, RGC proliferation and regenerative neurogenesis ceased, in-
dicating that inflammation is sufficient and necessary for initiating the regenerative programs in the adult fish brain.



We also discovered that the signaling pathways through the lipid Leukotriene C4 (LTC4) and its receptor cysteinyl
leukotriene receptor 1 (cystlrl) initiates RGC proliferation and regenerative neurogenesis. When we blocked the
activity of cystlrl upon lesion with the antagonist Pranlukast, RGC proliferation and regenerative neurogenesis re-
duced significantly. After administration of LTC4 to the unlesioned fish brains, RGC proliferation and neurogenesis
increased through induction of gata3 expression. Thus, we identified that unlike the other vertebrates analyzed so
far, acute inflammation has an apparent positive role in triggering the activation of the regeneration-specific mo-
lecular programs of the adult zebrafish brain involving gata3. We propose that zebrafish can overcome the detri-
mental effects of inflammation via special molecular programs linking the non-physiological conditions of traumas
to re-development of the lost tissues in part by activating gata3. Our results provide an important fulcrum to the
hypothesis that special regenerative programs that enable tissue replenishment might exist in regenerating organ-
isms and understanding such programs would endow us to harness those mechanisms in efforts for clinical regen-
erative therapies for neurodegenerative disorders or acute injuries in human CNS.
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WNT SIGNALING IS REQUIRED FOR KIDNEY REGENERATION FROM ADULT ZEBRAFISH NEPHRON PROGENITOR
CELLS

Caramai N. Kamei, Yan Liu, lain A. Drummond
Medicine, Massachusetts General Hospital, Charlestown, MA, United States

Background:

In contrast to mammalian kidney regeneration, zebrafish can not only repair existing nephrons but are also capable
of de novo generation of new nephrons from adult organ progenitor cells. Activation of both repair mechanisms is
likely to be signaled by positive and negative growth regulators that ultimately restore normal kidney function. We
report here that Wnt signaling plays a role in adult zebrafish kidney regeneration.

Methods:

In situ hybridization as well as a transgenic reporter line expressing gfp in regenerating lhx1a-positive nephron pro-
genitors was used to visualize regeneration in response to acute gentamicin injury. Wnt signaling was perturbed
using the chemical activator BIO and the inhibitor XAV939.

Results:

Both individual |hx1a-positive adult kidney progenitor cells and differentiating cell condensates are specifically
marked by expression of the Wnt receptor frizzled9b (fzd9b). Active Wnt signaling was detected in differentiating
nephron progenitors by expression of the canonical Wnt target lefl. Acute injury to the adult zebrafish kidney by
gentamicin injection significantly expanded the population of fzd9b-positive nephron progenitors. Pharmacological
blockade of Wnt signaling reduced progenitor cell expansion after injury while activation of Wnt signaling was suf-
ficient to expand fzd9b/Ihx1a-positive progenitors in the absence of injury.

Conclusions:

Our results demonstrate a role for Wnt signaling in adult zebrafish kidney regeneration and identify fzd9b as a new
marker of adult kidney progenitor cells. Our results open new avenues to investigate the developmental origins
and regenerative potential of nephrogenic stem cells.
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ANALYSIS BY LINEAGE TRACING OF ENDOTHELIAL REGENERATION IN MICE FOLLOWING LUNG VASCULAR INJURY
INDUCED BY ENDOTOXIN

Min Zhang, Yanmin Zhang, Peter Toth, Xiaojia Huang, Jalees Rehman, Asrar B. Malik
Univ of lllinois at Chicago, Chicago, IL, United States

Acute lung injury (ALI) secondary to lung vascular endothelial injury is a common cause of edema formation and
respiratory failure in critically ill patients. Studies have shown that in animal models and patients there is a poten-
tial for regeneration of the injured and apoptotic vascular endothelium. However, the primary source of endotheli-



al cells for vascular repair and regeneration remains unclear, and could be driven by proliferation of residual en-
dothelial cells or by the differentiation of stem or progenitor cells into endothelial cells capable of restoring vascular
integrity. To answer this question, we performed a Cre/loxP-based lineage-tracing study using tamoxifen inducible
Cre-transgenic mice driven by the 5' endothelial enhancer of the stem cell leukemia (SCL) locus. The endothelial-
SCL-Cre-ERTAM mouse was bred to a double-fluorescent mT/mG reporter mouse which expressed membrane-tar-
geted tandem dimer Tomato (mT) prior to Cre-mediated excision and membrane-targeted green fluorescent pro-
tein (MmG) after excision. The vascular endothelial cells were thus GFP+ and non-endothelial cells were Tomato-
Red+. We found that the GFP+ endothelial cells were the primary source of endothelial regeneration that occurred
72 hr following lung vascular injury induced by sub-lethal endotoxin lipopolysaccharide (LPS). This was evident by a
time-dependent decrease in the number of GFP+ endothelial cells relative to Red+ cells occurring at 12 hr followed
by normalization of the ratio at 72 hr (the repair phase). Also, the GFP+ endothelial cells in contrast to the Red+
cells showed 2- to 3- fold increase in proliferation and expression of cyclin genes cyclinF and cyclinA2. These results
support the hypothesis that restoration of lung vascular endothelial integrity following LPS is the result of prolifer-
ation of pre-existing endothelial cells as opposed to the differentiation of non-endothelial stem or progenitor cells.

W-2246

A NEW APPROACH TO LYMPHATIC DIFFERENTIATION FROM HUMAN PODOPLANIN-POSITIVE MYELOID CELLS FOR
ENHANCING LYMPHANGIOGENESIS

Ji-Yeon Yun, Jin Hur, Jin-A Kang, Jae-Il Choi, Young-Eun Choi, Ju-Young Kim, Ji-Hoon Hong, Chang-Hwan Yoon, Sang
Eun Lee, Hyun-Jai Cho, Young-Bae Park, Hyo-Soo Kim
Seoul National Univ Hospital, Seoul, Korea, Republic of

Lymphatic vessels are a critical part of the body's immune system. They have a very important role in the pathogen-
esis of several diseases, such as lymphedema and various inflammatory conditions like attenuated wound healing
in diabetes. In order to treat human lymphatic vessel diseases, regeneration of new lymph vessels has attracted
academic attention for recent years.

Previous study suggests lymphangiogenesis can occur by mouse

monocyte aggregates transdifferentiating into lymphatic endothelial cells. Emerging studies have also suggested
that murine podoplanin-positive myeloid cells are crucially involved in lymphangiogenesis. However, in human con-
ditions, we do not know whether podoplanin-positive myeloid cells could be obtained from peripheral blood and
how valuable they are therapeutically. With this study, we investigated the lymphatic differentiation of myeloid
cells obtained from human peripheral blood by using aggregate culture condition. Upon closer examination of
these human peripheral blood monocyte aggregates, we discovered interesting evidence that the human myeloid
cells constituting these aggregates gradually increased the expression of lymphatic endothelial cell markers such
as podoplanin and VEGFR-3 during aggregate culture. In particular, monocyte cells sorted for podoplanin markers
showed more lymphatic endothelial cell markers such as VEGFR-3, Prox-1, SOX-18 than podoplanin negative cells.
The podoplanin-positive cells had a leaf-shape like lymphatic-endothelial cells (LECs) during myeloid aggregates
culture and they were also able to participate in LECs in vitro Matrigel. We also confirmed the indirect impact on
lymphangiogenesis as well as the direct lymphatic differentiation

ability of podoplanin-positive myeloid cells. The supernatant of them was able to enhance the migration, viability
and proliferation of LECs. Local injection of podoplanin-positive cells in monocyte aggregates significantly increased
lymphatic neovascularization and facilitated wound healing in the full-thickness skin wounds of mice.

We demonstrated a new approach to induce lymphatic differentiation from podoplanin-positive cells in 3D mono-
cyte aggregate culture system, which would be a promising novel strategy of cell therapy to treat human lymphatic
vessel disease.

W-2247
ENHANCED LIGAMENT HEALING USING MESENCHYMAL STEM CELLS

Erin Saether, Connie Chamberlain, Jackie Kondratko, Ellen Leiferman, Stacey Brickson, Wan Ju Li, Ray Vanderby



Orthopedics, University of Wisconsin - Madison, Madison, WI, United States

Objective: Enhance early stage healing in rat medial collateral ligaments (MCLs) using mesenchymal stem cells
(MSCs). Specifically, learn how MSCs modulate the inflammatory and immune response upon injury to the MCL.
Methods: A total of 24 rats underwent bilateral MCL transection. Day 5 and day 14 healing was examined compar-

ing two cell doses (1x106 MSCs and 4x10° MSCs). At the time of surgery, fluorescently-labeled rat MSCs (passage
8-10) were injected into the right transected MCL, while the left MCL served as the control for normal healing.
MCLs were collected at the different healing time points and processed with immunohistochemistry (n=12). Type 1
Macrophages (M1), type 2 Macrophages (M2), endothelial cells, proliferating cells, total cells, MSCs, procollagen 1,
Collagen 3 and T cells were quantified spatially within the healing ligaments. H+E staining was performed to analyze
tissue morphology and the size of the healing region at different time points. Twelve rats underwent MSC injections
for mechanical testing.

Results: MSCs were detected solely in the healing region and healing region edges at Day 5 and Day 14 in both dose
groups using fluorescence microscopy.

At day 5 healing, the higher dose of cells demonstrated significant changes throughout the ligament with M2’s and
Procollagen 1. There were more M2’s (p=.05) in the distal and proximal healing regions of the normal healing lig-
ament compared to the MSC injection group. Procollagen 1, the precursor to Collagen 1, was increased (p=.05)
throughout the MCL that received MSCs.

There were significant changes in both the low dose and high dose groups at day 14. Fewer M1’s were found in the
ends (p=.01) and throughout the MCL (p=.04) in the low dose group. M2’s were decreased in the ends (p=.04), but
only in the ligaments that received the higher dose of MSCs.

At day 14, the low dose group had fewer proliferating cells (p=.003) in the healing region compared to the control,
whereas in the high dose group there were fewer proliferating cells (p=.05) in the ligament ends.

There were fewer endothelial cells in the ends (p=.03) of the low dose MSC group at day 14, along with fewer
lumen in the ends (p=.04) and MCL (p=.002) as a whole.

No significant differences were detected in T cells or Collagen 3.

H+E staining showed a decrease in the length of the healing region in the low dose MSC group. The average length
of the healing region in the MSC group was 1.4 mm compared to 2.5 mm (p=.003) in the control ligaments.

By calculating percentage of the healing region size, the low dose group at dayl4 reached a level of significance
(p=.04) with the MSC group’s average size representing 8.4% of the ligament and the control 10.4%.

The mechanical results correlated with the healing region size data. The low dose MSC injection group demon-
strated increased strength with an average failure load of 26.41N compared to 20.88N in the control group (p=.03).
These ligaments also exhibited increased stiffness with an average of 12.24 N/mm compared to 10.01 N/mm
(p=.01) in the control ligaments.

Conclusion: MSCs demonstrated a positive healing effect when applied at an appropriate dose shown by a smaller
wound size and improved mechanical properties at day 14. Interestingly, the smaller dose of 1 million cells proved
to be more successful than the larger dose of 4 million cells. MSCs also affected the cellular response in regard to
macrophage phenotype, endothelialization, and proliferating cells in healing MCLs.

W-2248

LOW-FREQUENCY PULSED ELECTRICAL FIELD WITH CERTAIN PARAMETERS INDUCES ERYTHROPOIETIN
PRODUCTION, ACTIVATES THE POOL OF MESENCHYMAL STEM CELLS AND ENHANCES REGENERATIVE PROCESSES
IN LABORATORY ANIMALS

Mikhail Konoplyannikovl, Anatoly Konoplyannikov2

Irederal Research Clinical Center, Moscow, Russian Federation, 2Medical Radiological Research Center, Obninsk,
Russian Federation

Mesenchymal stem cells (MSC) are currently considered as a key component of physiological and "emergency" or-
ganism regeneration. We have shown that short-duration action of low-frequency pulsed electrical field with cer-
tain parameters onto laboratory animals induces enhanced erythropoietin production, accompanied by increase



in the blood level of reticulocytes and by the activation of the pool of bone marrow MSC. This results in the ac-
celerated healing of wounds and burns, diminishment of radiation damage and other manifestations of enhanced
regenerative activity of many tissues. Besides, we have shown that once-per-week treatment of linear mice with
low-frequency pulsed electrical field, started at the age of 3 months, statistically significantly extends the animals’
life expectancy. It is possible that the observed effects are based on the stimulation of the regenerative potential
of MISC due to the erythropoietin action on the specific receptors of the cells. This finding opens new directions for
the development of medical technologies of regenerative medicine.

W-2251

VASCULAR ENDOTHELIAL GROWTH FACTOR ENHANCES HUMAN FETAL MESENCHYMAL STEM CELL MIGRATION
AND ADHESION

Joan X. Yang, Florentina M. Widodo, Mahesh A. Choolani, Koon Gee Neoh, Jerry KY Chan, Yaw Chyn Lim
National Univ of Singapore, Singapore, Singapore

During injury, chemokines and growth factors (GF) act in concert to recruit different cells types to facilitate repair.
Factors such as vascular endothelial growth factor (VEGF) which are produced by endothelial cells (EC) in hypox-
ic conditions, platelet-derived growth factor (PDGF) which are produced mainly by platelets, and CXCL12/stromal
cell-derived factor-1 (SDF-1) are found at high concentrations at inflammatory or injury sites.

Mesenchymal stem cells (MSC) have great potential for therapeutic applications in regenerative medicine.
However, despite the numerous reports on MSC migration and homing, their molecular mechanisms have yet to be
fully elucidated and understood. Current literature have depicted the importance of the CXCR4-SDF-1 axis in MSC
homing and migration. We thus hypothesize that VEGF can modulate the response of human fetal MSC (hfMSC) to
SDF-1 and their adhesive capacity at the injury site.

Firstly, we examined hfMSC migration in response to different GF known to be present at the injury site. Except for
PDGF (1.30 fold increase against control, p<0.05), the other GF did not promote significant migration of hfMSC. We
also mimicked the physiological conditions by stressing human umbilical vein EC (HUVEC) under nutrient-deprived
conditions and used the conditioned medium (CM) to stimulate hfMSC overnight. We found that CXCR4 expression
on CM-treated hfMSC was increased by 1.14 fold (p<0.05) compared to untreated controls.

Microparticles (MP) have recently be discovered as a biomarker for various diseases. Endothelial MP (EMP) contain
proteins and nucleic acid materials derived from EC. We found that MP derived from stressed HUVEC also augmen-
ted CXCR4 expression on hfMSC compared to untreated controls.

As VEGF is a major angiogenic GF secreted during wound healing and possibly also present in the stressed HUVEC
CM, we investigated the effects of VEGF on hfMSC migration towards SDF-1. Varying durations of VEGF treatment
resulted in differing responses to SDF-1. While 15-minutes treatment did not elicit significantly migration, VEGF
treatment for 4 hours resulted in a 1.54 fold increase (p<0.05) in hfMSC migration towards 5ng/mL SDF-1 compared
to spontaneous migration in the absence of SDF-1. In comparison, untreated cells only showed a 1.12 fold increase
in migration in response to SDF-1. 24 hours VEGF treatment also resulted in a significant increase in hfMSC migra-
tion, albeit with a smaller magnitude. The treatment, however, did not affect the number of CXCR4 expressing cells
nor change the expression of CXCR4 on the cells per se. This suggests that VEGF influence hfMSC response to SDF-1
by modulating the affinity of CXCR4.

Next, we investigated the effect of VEGF treatment on hfMSC adhesion to fibronectin (FN) and vascular cell adhe-
sion molecule-1 (VCAM-1). VEGF treatment augmented hfMSC adhesion to FN and VCAM-1 as compared to bovine
serum albumin-coated surface.

Adhesion to FN and VCAM-1 was also dependent on the duration of treatment, with shorter treatments leading to
more significant increase in adhesion. Additionally, hfMSC consistently adheres better to FN than to VCAM-1.

Our data supports our hypothesis that recruitment of hfMSC can be modulated by factors, such as VEGF and SDF-1,
found at the injury site. hfMSC treated with VEGF in vitro augments their migratory response to SDF-1 and binds
better to VCAM-1 and FN, thus suggesting that VEGF may be used to augment hfMSC engraftment in tissues.
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TRANSPLANTATION OF MESENCHYMAL STEM CELLS PROMOTES TISSUE REGENERATION IN A GLAUCOMA MODEL
THROUGH LASER-INDUCED PARACRINE FACTOR SECRETION AND PROGENITOR CELL RECRUITMENT

Renaud Manuguerra, Patrick Boulos, Ahmed Ammar, Francgois Leblond, Gorazd Krosl, Vincent Pichette, Mark Lesk,
Denis-Claude Roy
University of Montreal / Maisonneuve-Rosemont Research Center, Montreal, QC, Canada

Among bone marrow cells, hematopoietic and mesenchymal components can contribute to repair damaged or-
gans. Such cells are usually used in acute diseases but few options are available for the treatment of chronic disor-
ders. In the present study, we have used a laser-induced model of open angle glaucoma (OAG) to evaluate the po-
tential of bone marrow cell populations and the mechanisms involved in tissue repair. In addition, we investigated
laser-induced tissue remodeling as a method of targeting effector cells into damaged tissues. We demonstrate that
among bone marrow cells, mesenchymal stem cells (MSC) induce trabecular meshwork (TM) regeneration. MSC in-
jection into the ocular anterior chamber lead to far more efficient decrease in intraocular pressure (I0P)(P<0.001)
and healing than hematopoietic cells. This robust effect was attributable to paracrine factors from stressed MSC,
as injection of conditioned medium from MSC exposed to low but not to normal oxygen levels resulted in an im-
mediate decrease in IOP. Moreover, MSC and their secreted factors induced reactivation of a progenitor cell pool
found in the ciliary body and increased cellular proliferation. Proliferating cells were observed within the chamber
angle for at least 1 month. Laser-induced remodeling was able to target MSC to damaged areas with ensuing spe-
cific increases in ocular progenitor cells. Thus, our results identify MSC and their secretum as crucial mediators of
tissue repair in OAG through reactivation of local neural progenitors. In addition, laser treatment could represent
an appealing strategy to promote MSC-mediated progenitor cell recruitment and tissue repair in chronic diseases.

W-2253

MESENCHYMAL STROMAL CELL (MSC) THERAPY RESTORES RADIATION-INDUCED DYSFUNCTION IN THE NEURAL
CONTROL OF COLONIC CIRCULAR MUSCLE CONTRACTIBILITY THROUGH ANTIOXIDANT EFFECTS

Christelle DURAND, Noelle MATHIEU, Christelle DEMARQUAY, Raphaelle BESSOUT, Marc BENDERITTER, Alexandra
SEMONT
Institut of Radiation protection and Nuclear safety, Fontenay aux Roses, France

Objective: Patients who undergo pelvic or abdominal radiotherapy may develop high incidence of undesirable
acute and/or chronic gastrointestinal complications resulting from radiation-induced damages around the tumour.
The growing number of cases declared each year and the specific complex symptoms have lead some specialists to
talk of a new disease termed “pelvic-radiation disease”. The lack of curative treatment and the potential severity
of the disorder highlight the importance of novel and effective therapeutic strategies. In this study, we tested the
therapeutic benefit of MSC treatment on radiation-induced dysfunction of colonic circular muscle contractibility
(CcMmC).

Methods: Rats SD were subjected to a 27 Gy colorectal irradiation. Bone marrow derived MSC (5.106) were in-
travenously administered three weeks (curative effects) after radiation exposure. Therapeutic effects of MSC were
analysed 4 weeks after irradiation. We performed colonic muscle histological (HES) analysis and ex vivo quantific-
ation of CCMC in response to escalating doses of Carbachol (non-selective agonist of choline acetyl (Ach), doses:
10-8M to 5.10-4M) with or without inhibition of neural transmission by tetrodotoxin (TTX). Immunostaining of
nitrergic neurons (nNO) using neuronal nitric oxyde synthase antibody and cholinergic neurons (nAch) using choline
acetyltransferase antibody, were also investigated in myenteric nervous plexus.

Results: Four weeks after irradiation, even if no histological alterations of the circular muscle was observed, we
reported a significantly CCMC reduction. Radiation-induced CCMC dysfunction was restored after MSC treatment.
Therapeutic effect of MSC is dependent of their ability to restore a normal neutrally induced muscle activity by
the re-establishement of the balance between myenteric inhibitory (nNO) and excitatory (nAch) control of CCMC.
Indeed, MSC treatment decreased the proportion of myenteric nNO and its activity and increased the proportion
of myenteric nAch. This therapeutic effect on enteric nervous system is partially dependent of MSC abilities to re-
duce oxidative stress via the modulation of glutathione (GSH). Moreover, reduction of CCMC after irradiation was



minimised by the inhibition of lymphocyte T (LT) using a treatment with an anti-CD3. We reported in this study that
MSC treatment reduced the activation of LT, mechanism that also might be implicated in MSC therapeutic efficacy
on radiation-induced CCMC alterations.

Conclusion: This work constitutes new insights that are arguing in favour of the use of MSC for compassionate ap-
plications in order to try to reduce irreversible, pelvic radiotherapy-induced gastrointestinal complications.
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HEALING A BROKEN HEART; STEM CELL THERAPY FOR DILATED CARDIOMYOAPTHY IN DUCHENNE MUSCULAR
DYSTROPHY

Suzanne Berry, Ju Lan Chun, Bob O'Brien, Minho Song
University of lllinois, Champaign, IL, United States

Duchenne muscular dystrophy (DMD) is the most common form of muscular dystrophy, resulting from mutations
in the dystrophin gene. Nearly 100% of Duchenne muscular dystrophy (DMD) patients develop dilated cardiomy-
opathy (DCM) as well severe, progressive pathology in skeletal muscle, and 20-40% succumb to cardiomyopathy.
Current methods of management for DCM delay or alleviate decline in cardiac function and remodeling, but will
not be curative because they do not restore dystrophin protein or replace damaged cardiac muscle cells. Stem cell
therapy offers a mechanism to simultaneously replace damaged cardiomyocytes and restore dystrophin. However,
few studies have been conducted to determine whether stem cells will perform these functions in dystrophin-defi-
cient heart and none have previously reported functional benefit.

We have discovered that aorta-derived mesoangioblast stem cells (ADM), with a functional copy of the dystrophin
gene, prevent ventricular dilation and a decline in cardiac function in murine models for DMD when transplanted
in the heart prior to development of pathology. A number of changes were observed that may account for the pre-
vention of cardiomyopathy. ADM transplantation resulted in the presence of low numbers of dystrophin-positive
cardiomyocytes, an increase in vasculature and division of resident nestin+ cardiac stem cells, and the appearance
of nestin+ cardiomyocytes of host origin, in dystrophin-deficient heart. It is not yet clear which of these changes is
necessary for the observed benefit from ADM. Although angiogenesis in cardiac muscle has been reported to im-
prove heart function following ischemic damage in multiple preclinical and clinical studies, it has not been tested
for benefit in dystrophic heart. Dystrophin-deficient cardiomyopathy is not ischemic in origin. However, because an
increase in vasculature in our study correlated with functional benefit, an increase in blood flow may also improve
cardiac function in DMD. Preliminary studies indicate that the increase in vasculature with ADM transplantation is
in the form of vasculogenesis rather than angiogenesis. These data may be useful for developing mechanisms to in-
crease blood flow in dystrophic heart and also suggest that ischemia may be present in dystrophin-deficient heart.
The function of nestin+ cardiac stem cells in normal heart is not known. Our data suggest that resident nestin+
stem cells may be activated to generate new cardiomyocytes in the heart. Consistent with this possibility, a lineage
tracing study by another group reported that a subset of nestin+ stem cells in normal adult heart differentiate into
cardiomyocytes. We have more recently detected large clusters of nestin+ cardiomyocytes in the heart of 3 differ-
ent murine models for DMD at the end stages of disease, when extensive pathology is present, even in the absence
of ADM injection. Similarly, nestin+ striated cells have also been reported by another research group in the heart
of human patients at the end stages of heart failure. Together with this report, our observations of nestin+ striated
cells in the dystrophic heart suggest that endogenous stem or progenitor cells may be activated prior to damage,
or respond to severe damage in the heart, to generate new cardiomyocytes. We are currently evaluating whether
changes in the vasculature and/or activation of nestin+ stem cells may be exploited independently of ADM trans-
plantation to prevent or delay cardiomyopathy in dystrophic heart.
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TRANSPLANTATION OF PLURIPOTENT STEM CELL DERIVED HUMAN NEURAL PRECURSOR CELLS INTO THE MHV
MODEL OF MULTIPLE SCLEROSIS LEADS TO STABLE CLINICAL RECOVERY

Ronald L. Colemanl, Lu Chenz, Ronika Leangz, Suzanne E. Petersonl, Tom E. Lanez, Jeanne F. Loring1
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Molecular Biology and Biochemistry, University Of California, Irvine, CA, United States

Multiple Sclerosis (MS) is an immune-mediated chronic disease of the central nervous system (CNS) that is char-
acterized by demyelination. Using mice infected with a neurotropic JHM variant of mouse hepatitis virus (JHMV)
as a model of MS, we injected human neural precursor cells (hNPCs) derived from human pluripotent stem cells
(hPSCs) to explore treatment options for the disease. Two weeks after JHMV infection, hNPCs were transplanted
into the spinal cords of mice that exhibited clinical symptoms of the disease. The mice were then scored daily on
a clinical diagnostic scale. Mice that were treated with the hNPCs showed significant improvement over mice that
received a control treatment as well as mice that had transplantation of human dermal fibroblasts. Additional ex-
periments showed continuing improvement for 3 months post transplantation and sustained recovery for 6 months
(the longest duration of the experiment). Some of the mice were sacrificed at 21 days post-transplantation, and
their spinal cords were analyzed. Spinal cords of mice treated with hNPCs showed remyelination and decreased
macrophage and T-cell infiltration. The decrease in inflammatory cells was correlated with the increase in remyelin-
ation.

In order to determine the fate of the transplanted hNPCs, WAQ9 hES cells were transduced with lentivirus contain-
ing an integrating vector with the P. pyralis luciferase gene driven by the cytomegalovirus (CMV) promoter. These
cells retained expression of the reporter after differentiation to hNPCs. Mice transplanted with the labeled NPCs
were injected with luciferin and imaged daily. No luciferase-expressing hNPCs were detected after day 7 post-trans-
plantation.

To further examine the mechanism of hNPC-mediated recovery, we performed whole genome expression profiling
studies on the cells. We identified genes that were differentially expressed in hNPCs relative to fibroblasts and un-
differentiated cells. Because of the short survival time of the transplanted cells, we focused on differentially ex-
pressed genes coding for secreted proteins. We are assessing these candidates for their potential roles in immun-
omodulation or oligodendrocyte maturation. The expression of these genes is being verified through quantitative
real-time PCR (qRTPCR) and western blot analysis. Genes verified in this manner will be further validated in in vitro
and in vivo systems.

Our results show that hNPC transplantation can mediate recovery in a mouse model of MS. Although the hNPCs
are rapidly cleared, the mice showed a robust and stable recovery that included remyelination, decrease of inflam-
mation and a lessening of pathological symptoms. Long term, we hope to develop novel stem cell-based therapies
to help recovery of MS patients.
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CO-EXISTENCE OF QUIESCENT AND ACTIVE RADIAL NEURAL STEM CELL POPULATIONS IN THE ADULT
HIPPOCAMPUS

Michael A. Bonaguidil, Ryan Stadel2, Yoon Namgung3, Steven Park3, Teresa Krieger6, Jung lJin 0h3, Guo-li Ming4,
Benjamin D. SimonsS, Hongjun Song5
AICE / Neurology, BICE / Human Genetics, CICE, PICE / Neurology / Dept. of Neuroscience, EICE / Neurology / Dept.

of Neuroscience / Human Genetics, 1j0hns Hopkins University SOM, Baltimore, MDD, United States, 2cavendish Lab-
oratory, Dept of Physics/Gurdon Institute, University of Cambridge, Cambridge, United Kingdom

New neurons are continuously generated in the hippocampus throughout life and contribute to specific brain func-
tions. One fundamental question is whether new neurons arise from precursors with characteristics of stem cells or
progenitors and whether these precursor properties are uniform. Within the subgranular zone of the adult dentate
gyrus, our previous clonal lineage tracing using Nestin::CreERT2 (#) showed that radial glia-like precursors (Nestin#-
RGLs) act as quiescent neural stem cells possessing long-term self-renewal and multipotential differentiation ca-
pacity. Multiple evidence from population analyses suggests additional cell sources of constitutive neurogenesis in
the adult hippocampus. Here, we performed in vivo single-cell lineage-tracing of two RGL subpopulations using the
Gli1::CreERT2(#) and Mash1::CreERT2(#) systems. Glil#-RGLs are initially quiescent but rapidly activate upon label-



ing. These RGLs return to quiescence after either symmetric or asymmetric (neurogenic or astrogliogenic) division.
Computational modeling indicates that Glil#-RGL decisions occur at similar frequencies as Nestin#-RGLs. In con-
trast, Mash1#-RGLs are already active upon labeling, but primarily undergo neurogenic, asymmetric divisions and
undergo long-term self-renewal. Computational modeling suggests that Mash1#-RGLs are biased toward neuro-
genic self-renewal and represent a distinct unipotential active neural stem cell population. Our study reveals novel
insight into the heterogeneity of neural stem cells in the adult brain and supports the co-existence of both quies-
cent and active neural stem cells in the same somatic compartment where multipotential stem cells cycle between
guiescence and activation states, and another more active unipotential stem cell primarily generates neurons.

W-2257
TARGETED ACTIVATION OF PRIMITIVE NEURAL STEM CELLS IN THE MOUSE BRAIN

Rachel Leeder, Brian DeVeale, Cindi M. Morshead, Derek van der Kooy
University of Toronto, Toronto, ON, Canada

Primitive neural stem cells (pNSCs) first appear at embryonic day 5.5 and persist into the adult mouse brain. Primit-
ive NSCs comprise a rare population of GFAP-negative cells that give rise to LIF-dependent neurospheres in culture.
They can be passaged in vitro to self-renew or give rise to definitive (d)NSCs, which are GFAP-positive and EGF- and
FGF-dependent. Primitive NSCs express low levels of Oct4 and contribute to chimeric blastocysts, both markers of
pluripotency not exhibited by dNSCs. We confirmed that pNSCs derived from the pup and adult brain self-renew
at the same frequency. We previously observed that pNSCs from the adult brain give rise to equal proportions of
neurons, oligodendrocytes and astrocytes following differentiation. Here, we report that pup-derived pNSCs give
rise to fewer neurons and more oligodendrocytes than their adult counterparts. This difference in differentiation
profiles may reflect the contribution of pNSCs to the wave of oligogenesis that occurs soon after birth. Finally, gPCR
to compare pup and adult pNSCs suggests similar gene expression in the two populations. Together, this suggests
that pup-derived pNSCs are more abundant, but similar to the adult population, and thus are a valuable population
to investigate strategies to isolate and manipulate the pNSC population to better understand its role in the neural
lineage. A previous mass spectrometry based screen of in vitro ESC-derived primitive neurospheres identified cell
surface markers selectively upregulated in pNSCs compared to ESCs and dNSCs. We are testing these cell surface
markers to identify factors that selectively affect the ability of pNSCs to form clonal LIF neurospheres, independ-
ent from dNSCs. Specifically, Gleevec, a c-kit pathway inhibitor, significantly increased pNSC neurosphere formation
while attenuating dNSC neurosphere formation. Similarly, an ErbB2 inhibitor also selectively increased primitive
neurospheres while depleting definitive neurospheres. We confirmed the selective effects of Gleevec using a c-kit
siRNA, and the effects of the ErbB2 inhibitor with an ErbB2 siRNA. Next, we infused Gleevec and ErbB2 inhibitor
into the lateral ventricle of adult CD1 mice to test the effectiveness in vivo. We observed similar increases in pNSCs
following a 3-day infusion and primary dissection to perform a neurosphere assay. Importantly these in vitro to in
vivo experiments suggest that markers and inhibitors identified in the pup population can be generalized to adult
pNSCs. As well, Gleevec and ErbB2 inhibitors represent two methods of manipulating pNSCs. These methods will
enable selective targeting and manipulation of pNSCs to better understand their function in the adult mouse brain.

W-2258

TRANSPLANTED HUMAN NEURAL STEM CELLS RAPIDLY AMELIORATE EARLY DISEASE SYMPTOMS IN A MOUSE
MODEL OF CEREBRAL ISCHEMIA

Lei Huangl, Jean-Pyo Lee?
ACenter for stem cell research and regeneration, ITulane Univ Sch of Medicine, New Orleans, LA, United States

Reciprocal interactions occur between neural stem cells (NSCs) and injured host cells. Cerebral ischemia, a common
cause of neurologic disability in adults and children, results in loss of cerebral parenchyma and its associated cells
and connections. Previously, we exploited cytokines (proinflammatory stem cell factors, which reportedly facilit-



ate stem cell migration into brain injury sites) by demonstrating improved stem cell migration in mid-symptomatic
Sandhoff-diseased mice (exhibit lethal gangliosidosis).

Here we assessed the impact of human NSCs in a mouse stroke model by asking the following: Would proinflam-
matory cytokines promote migration of engrafted NSCs to pathologic sites caused by middle cerebral artery occlu-
sion (MCAOQ)? Would stem cell-derived factors suppressed proinflammatory genes that function in the breakdown
of the blood brain barrier (BBB) and blood cell extravasation into the brain caused by MCAO? We induced MCAO
in C57BL6 mice, followed by a 60-minute reperfusion to induce ischemia. NSCs were transplanted intracranially
after 24 hours, during the period in which proinflammatory cytokines are upregulated. At 24 hours posttransplant-
ation, transplanted cells indeed migrated extensively and homed to pathologic sites. Cytokines, including TNF-a,
IL-6, IL-183, were downregulated (RT-PCR analysis); Ibal+ active inflammatory cells were significantly decreased (im-
munostaining); claudin 5, a tight junction protein in blood vessels, was upregulated (Western analysis), suggesting
decreased BBB permeability; and infarct volume was decreased (cresyl violet staining). Further, mouse physical be-
haviors remarkably improved (e.g., rotarod and beam walk tests).

Overall, transplanted NSCs acted swiftly to reduce inflammation and stabilize the BBB following stroke in mice.
Thus, our data indicate the potential benefits of NSC transplantation as a therapy following stroke.

W-2261

REJUVENATION OF NEUROGENESIS AND ANGIOGENESIS IN THE AGED BRAIN

Lida Katsimpardil, Nadia K. Littermanl, Pamela A. Scheinl, Christine M. Millerz, Amy J. Wagersz, Lee L. Rubin?
1stem cell and Regenerative Biology, Harvard University and Harvard Stem Cell Institute, Cambridge, MA, United

States, 2Stem Cell and Regenerative Biology, Harvard University and Harvard Stem Cell Institute, Cambridge, MA,
Howard Hughes Medical Institute and Joslin Diabetes Center, Boston, MA, United States

In the adult mammalian brain, neural stem cells generate new neurons in two discrete areas, the hippocampus and
the subventricular zone (SVZ), throughout the lifespan of the animal. Ageing reduces neural stem cell numbers, as
well as their self-renewing potential, leading to an overall decline in neurogenesis. However, age-related decline in
neurogenesis can be positively regulated by manipulations such as stress and physical exercise, providing evidence
that extrinsic factors can delay or even reverse this part of the ageing process. Here we present a study of systemic
regulation of SVZ neurogenesis. Using the paradigm of heterochronic parabiosis, where an old and a young mouse
are surgically connected so that they share the same circulatory system, we show that the age-related decline of
neural stem cell activity in the old mouse is counteracted by systemic factors present in young blood. The pool of
neural stem/progenitor cells in the SVZ in the aged brain is increased after exposure to a young circulatory system,
leading to an enhancement of olfactory bulb neurogenesis. Importantly, the increase in neurogenesis is associated
with a marked increase in the volume of capillaries in the aged SVZ, as well as in other regions of the brain. Unrav-
eling the mechanisms of this phenomenon could have beneficial implications in treating neurodegenerative as well
as neurovascular diseases.

W-2262

SUBSTANCE-P MODULATES ENDOTHELIAL PERMEABILITY AND AUGMENTS TRANSENDOTHELIAL MIGRATION OF
MESENCHYMAL STEM CELL

Suna Kim, Hyun Sook Hong, Eunkyung Chung, Youngsook Son
Genetic engineering, Kyung Hee University, Yong In, Korea, Republic of

Endothelial cell layer in blood vessel plays an important regulatory role in infiltration of circulating molecules and
immune cells to underlying tissue. Substance-P (SP), a member of neuropeptides, is known to mediate pain per-
ception and regulate inflammation. Another point we noticed about SP is a new role as a wound messenger to
mobilize mesenchymal stem cells (MSC) from bone marrow that promotes healing mechanisms in various injury
models. This study was aimed to reveal early event of the MSC homing mechanism under the influence of SP which
might be similar to the SP-treated injured condition. We explored SP’s effect on endothelial cells as well as on the



trafficking of MSCs through endothelial monolayer in vitro. For measuring endothelial permeability, flux of 40 kDa
FITC-dextran from lumen side to basal side was determined in the presence or absence of SP or TNF-a in the lu-
men side. SP transiently increased FITC-dextran flux, peaked at 5 min and decreased to basal level at 10 min after
SP treatment. Based on immunofluorescence staining, SP treatment stimulated the formation of discontinuous
and jagged adherens junctions in a multiple interconnected finger-like structure transiently, which was featured by
changes in distribution of VE-cadherin and actin cytoskeleton. This SP-mediated gap opening was mostly resealed
at 30 min after the SP treatment. In contrast, TNF-a stimulated vascular permeability for much longer duration and
completed opening of intercellular junction, which seemed to be mediated by p38 MAPK activation and followed
by subsequent induction of VCAM-1 and ICAM-1. Then, we explored whether SP treatment affects trafficking of
MSCs. SP stimulated the invasion of MSCs from the lumen side to the basal side through transendothelial migration
in 3-D culture system in vitro. Collectively, SP directly modulates vascular permeability and homing mechanisms
of MSCs through transient regulation of intercellular adherens junction. This study provides the insight into early
event of SP-stimulated MSCs homing to the injured tissue, which may be a critical step to explain SP-stimulated
tissue repair.
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LIN28 PROMOTES MAMMALIAN TISSUE REPAIR BY REPROGRAMMING METABOLISM

Ng Shyh-Changl, Hao zhu?, Tarja Yvanka de Soysal, Gen Shinodal, Marc T. Seligsonl, Kaloyan Tsanov?, John Asara3,

Lewis C. Cantley4, George Q. DaIey1
IHarvard Medical School/Boston Children's Hospital, Boston, MA, United States, 2yt Southwestern, Dallas, TX, Un-

ited States, 3Beth Israel Deaconess Medical Center, Boston, MA, United States, 4Weill Cornell Medical College/New
York Presbyterian Hospital, New York, NY, United States

Robustness of tissue repair and regeneration declines with aging, but the mechanisms relating juvenility and tissue
repair remain unclear. The pluripotency factor Lin28, a highly conserved heterochronic gene expressed early in de-
velopment, controls juvenility and the onset of developmental milestones in animals from worms to humans. In
the highly regenerative mammalian liver, genetic deletion of either of the Lin28a/b paralogs impaired oval cell-me-
diated liver regeneration after chemical injury. To determine if enforced re-expression of Lin28 can promote repair,
we examined the effect of overexpressing Lin28a on tissue regeneration in adult mice. After shaving, Lin28a rapidly
induced hair regrowth and anagen during the second telogen phase, and after tissue wounding, led to accelerated
healing in the adult pinnae and neonatal digits. We assessed the role of let-7, a major downstream target of Lin28,
through miRNA gain and loss of function experiments in vivo. Although let-7 overexpression inhibited both liver
regeneration and pinnal repair, let-7 knockdown alone failed to enhance tissue repair, suggesting let-7 suppression
is necessary but insufficient to account for Lin28-mediated tissue repair. Indeed, we found that Lin28a alters cel-
lular metabolism in vitro and in vivo by directly binding and enhancing the translation of mRNAs for enzymes that
mediate glycolysis and oxidative phosphorylation. Surprisingly, pharmacologic inhibition of oxidative phosphoryla-
tion abrogated Lin28a-mediated effects without compromising normal tissue repair. Our data indicate that Lin28
enhances tissue repair by programming for a juvenile state of cellular bioenergetics, and suggests that drug modu-
lation of tissue bioenergetics might enhance wound healing.

Tissue Engineering
W-2265

FUNCTIONAL TISSUE ENGINEERED CORNEAL ENDOTHELIUM DERIVED FROM HUMAN IPS CELLS

Satoru Yoshidal, Shin Hatoul, Kazunari Higaz, Miyuki Yasudal, Hideyuki Miyashital, Kazuo Tsubotal, Shigeto Shim-

mural
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Corneal endothelial dysfunction remains a common indication for keratoplasty, accounting for half of the total
number of such procedures. Keratoplasty using donor cornea includes problems such as immunological rejection.
To bypass these problems, we examined application of induced pluripotent stem cells (iPSCs) to engineer artificial
corneal endothelium. Corneal endothelium as well as corneal stroma originates from cranial neural crest cells
(NCCs). On the basis of these findings, we first tried to differentiate human iPSCs into neural crest cells (iPS-NCCs).
Subsequently, the iPS-NCCs were cultured in the specific endothelium-inducing medium. After one week of culture,
monolayer of IPSCs-derivd tissue engineered corneal endothelium (iTECE), which shows hexagonal mosaic pattern
mimicking the human corneal endothelium was obtained. RT-PCR revealed the expression of characteristic mark-
ers of corneal endothelium in iTECE. The markers examined were Na,K-ATPase alphal-subunit (ATPA1A), carbonic
anhydrase 2 (CAR2), Na,HCO3 co-transporter (SLC4A4), collagen IV (CLO4A2), and collagen VIII (COL8A2). We next
measured the pump function attributable to Na,K-ATPase activity using an Ussing chamber. As a result, signific-
antly higher Na,K-ATPase pump activity of iTECE sheet compared to that of cultured human corneal endothelial
cell sheet, 372.5 pA/cm”2 and 55.9 pA/cm”2 respectively, was observed. Finally, we transplanted iTECE sheets into
rabbit cornea to evaluate in vivo pump function of iTECE. The iTECE transplanted rabbit cornea maintained trans-
parency and usual corneal thickness (350 um), whereas control corneas without TECE showed marked edema and
increased corneal thickness (1105.8 um). Thus, we successfully produced iTECE from human iPSCs, which has suffi-
cient pump function to maintain corneal thickness in vitro and in vivo.

W-2266
DECELLULARIZED CAPRINE TENDON FOR BIOENGINEERING APPLICATIONS IN VITRO

Annie -. John, Thasneem E K Hadi, Francis B. Fernandez
Transmission Electron Microscope Laboratory, Sree Chitra Tirunal Institute for Med. Sciences & Technology,
Trivandrum, India

Tendons play a key role in force transmission in the musculoskeletal system and hence are subject to acute forces.
The ability of tendons to tolerate repeated force application renders it ideal for use as a decellularized scaffold to
replace similar tissues in a biological milieu. On the contrary, tendons are susceptible to load induced tendinopathy,
traumatic dissection & similar pathologies and thus a common problem in both occupational and athletic settings.
But majority of the tissue is avascular & cell content has low proliferation rates making healing slow post-injury res-
ulting in the formation of inferior scar tissue or fibrous adhesions, which increases the risk of re-injury at the repair
site.

Available scaffolds for tendon repair include both biological scaffolds, obtained from mammalian tissues (Alamo
tissue service, RTI biologics, etc.), and synthetic scaffolds. Tissue-based scaffolds are an option as ideal biologic scaf-
folds for de novo construction of damaged tendons. In decellularized tendon tissue the native ECM organization
is preserved which provides tolerance for loading at critical points. Tissue engineering by adding stem cells to this
pre-prepared scaffold will stimulate the generation of load oriented ECM as well as conditioning of the scaffold to
the demands at the site of transplantation.

Caprine tendon tissue (goat Achilles tendon - abattoir sources) was decellularized with Triton-X 100 (1% in Tris buf-
fer, pH-7.4) treatment in combination with continuous agitation and rinses with distilled water and 70% (v/v) ethyl
alcohol. Thereafter decellularized tendon scaffold (DTS) along with non-treated fresh tendon scaffold (NTS) was
fixed in 10% buffered formalin and 3 % phosphate buffered gluteraldehyde respectively for the study of structural
changes if any, after decellularization. Light Microscopy, Scanning and transmission electron microscopy showed
characteristic collagen patterns that remained undisturbed after decellularization treatment and absence of cells,
nuclei or collagen degradation. NTS and DTS were further subjected to collagenase degradation assay which indic-
ated 43% weight reduction in NTS while in DTS weight reduction was 70%. The lack of cellular inhibition & open
architecture as a result of the decellularization process renders the DTS more susceptible to collagenase attack.
Contact angle studies showed both surfaces to be hydrophilic (NTS at 49.8 and DTS at 57.4).

Prior to application, it is a prerequisite that decelluarised tendon is non-cytotoxic and cytocompatible. Cytotoxicity
(MTT assay with Hela cells) of the decellularized tissue showed cellular activity well above recommended limits at
24 & 48 hrs. In direct contact assays with 1929 fibroblasts, cells attached and grew profusely on the scaffold with



time. In short, the method was successful in creating a non-cytotoxic and cytocompatible ECM scaffold appropriate
for tendon bioengineering applications, yet to be validated in a rabbit injured tendon model.

Restoration of normal structure and function of injured tendons represents one of the most challenging areas in
Orthopaedics where treatments are largely palliative. Decellularised tendon with stem cells is a promising treat-
ment for the regeneration of injured tendon in the armamentarium of the physician or surgeon.

W-2267

MESENCHYMAL STEM CELLS ATTENUATE HEPATIC FUNCTION IN DECELLULARIZED WHOLE ORGAN SCAFFOLDS TO
GENERATE TRANSPLANTABLE LIVER GRAFTS

Yoshie Kadotal, Hiroshi Yagil, Alejandro Soto-Gutierrezz, Taizo Hibil, Yuta Abel, Katsunori Tanakal, Minoru Kitagol,
Masahiro Shinodal, Hideaki Obaral, Osamu Itanol, Minoru Tanabel, Yuko Kitagawa1
1Surgery, Keio University, Tokyo, Japan, 2Sur_qery, University of Pittsburgh, Pittsburgh, PA, United States

Aim: We assessed the influence of co-perfusion/culture of MSCs (mesenchymal stem cells) with hepatocytes in de-
cellularized liver scaffolds to regenerate transplantable liver grafts which would give the sufficient functionality and
viability of hepatocytes.

Methods: We first decellularized the isolated whole rat liver by perfusion of enzyme and non-ionic detergent with
the best concentrations for the removal of cellular components and the preservation of native extracellular mat-
rix. Secondly, the acellular translucent matrix scaffold, which was composed of the liver-specific extracellular mat-

rix components and vascular networks, was recellularized with rat hepatocytes and MSCs sequentially via portal
vein. To achieve maximum hepatocyte function and viability, we modified; 1) total number of cells, 2) proportion of
cells, 3) volume of scaffold, and 4) reseeding methods. Several methods were examined to prevent infection of the
perfusion-cultured graft. The two different cell types were tracked to see their locations in the scaffold at different
time points by CellTracker Kit and immunofluorescent staining. To evaluate the influence of co-perfusion/culture
of MSCs with hepatocytes, we compared the two groups of whole liver scaffolds which were recellularized by; 1)
only hepatocytes, 2) hepatocytes and MSCs, of their engraftment and repopulation at day 2, 4 and 6. They were
evaluated by histological, biochemical and genetic analyses.

Results: We achieved whole-organ decellularaization for rat livers with the optimal concentration of 0.05% trypsin
and 0.1% Triton X-100, which showed the sufficient cell removal and preservation of native structures. The efficient

engraftment and survival of hepatocytes and MSCs were demonstrated with a total of 50 X 10° hepatocytes and 10

X 10° MSCs (20% of hepatocytes), which were mixed and infused into median lobe of the whole liver through portal
vein, in three steps, at 2 hours intervals. Also, we could minimize the infection risk of perfusion culture system by
antimicrobial and antifungal antibiotics and exposure to ultraviolet-C for the matrix scaffold. Histological findings
showed that hepatocytes were aligned as the original hepatic cords from portal vein through central vein. The liver
scaffold which was recellularized by co-perfusion/culture of MSCs showed clusters of well-integrated hepatocytes
in which MSCs were distributed well with good viability and expressed adhesion molecule markers. In addition,
hepatocyte and vascular related growth factors as well as hepatic sinusoid specific markers were expressed along
with the decellularized vascular walls, especially around the portal areas of the scaffold, where MSCs were repopu-
lated that was demonstrated by cell tracking method. The graft in which MSCs were co-perfused/cultured showed
the less apoptosis of hepatocytes and well-maintained ALB/UREA syntheses as well as higher hepatic gene expres-
sions.

Conclusion: The combination of decellularized whole liver scaffolds and MSCs could show the

potential to create the liver grafts with long-term functionality and viability of engrafted hepatocytes as the result
of cell-to-cell and cell-to-matrix interactions that might be catalyzed by their original humoral factors. This regener-
ated liver graft using MSCs will add new insights for liver regeneration and future clinical use of the decellularized
liver matrix scaffold as a bioartificial liver graft.

W-2268



MURINE DECELLULARIZED HEART MATRICES MAINTAIN VIABILITY AND PROLIFERATION OF HUMAN IPS CELLS,
BUT ALSO INDUCE THEIR DIFFERENTIATION TOWARDS SPECIFIC CELL FATES

Juliana L. Carvalho?, Pablo H. Carvalho?, Carolina R. Oliveiral, Dawidson A. Gomes?, Alfredo M. Goes?
ABiochemistry and Immunology, BClinical and Surgery, 1Frederal University of Minas Gerais, Belo Horizonte, Brazil

Decellularized matrices (DM) are in vogue for tissue engineering applications, due to their favorable chemical com-
position and perfect tridimensional structure. In addition, it has been described that ECM controls several events
in cell biology, such as cell adhesion, proliferation, survival and differentiation. In the present study, we aimed to
investigate the biocompatibility of DM and their potential differentiation effects over human iPS cells. Murine de-
cellularized heart matrices (mDhM) were produced through SDS/Triton X-100 protocol, and were tested to: gen-
omic DNA content; microscopic structure and cell content; collagen | and laminin preservation; cytotoxicity; iPS cell
adhesion and differentiation induced-effects. Our results indicate that mDhM were virtually 100% decellularized,
as no genomic DNA was detected by Nanodrop® quantification and PCR. Corroborating those results, histologic-
al analysis performed after Hematoxilin/Eosin, as well as Gomori Trichrome showed no cell nuclei in the matrix,
which preserved its microtructure. When used as a scaffold for undifferentiated iPS cells, mDhM induced no sig-
nificant cytotoxicity, as indicated in MTT assay. iPS cell adhesion wasn’t affected by the substitution of Matrigel to
mDhM, suggesting its applicability as a scaffold for tissue engineering purposes. Finally, we show that mDhM pro-
mote differentiation of human iPS cells, even when cultured in medium for maintenance of their undifferentiated
status. Such event was characterized both by PCR and immunofluorescence and underscores the loss of expression
of pluripotency markers Oct-4, Nanog and Telomerase reverse transcriptase, as well as the gain of expression of
differentiation markers mainly from endoderm (Alpha-fetoprotein and SOX-17) and mesoderm lineages (Brachyuri
and cytokeratin-8). Real time PCR is currently being performed in order to determine which embryonic germ layer
has been enriched by differential gene expression. Pluripotent stem cells hold great promise for tissue engineer-
ing applications due to their high proliferative potential and broad differentiation capacity. Currently, though, the
risk of teratoma formation following their injection in vivo still hinders their application in the clinic, with only two
clinical trials approved by FDA so far. The use of scaffolds for pluripotent stem cell-based tissue engineering applica-
tions should, therefore, provide safety measurements for preventing teratoma formation. Herein, we propose that
differentiation-inducing scaffolds can be suitable for pluriptent stem cell-based tissue engineering, in order to pre-
vent the injection of undifferentiated cells in vivo. In addition, DM provides several classes of differentiation cues,
which, sensed by the cells, may promote more successful differentiation event resulting in mature and functional
cells.
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REGENERATION OF VASCULARIZED DENTAL PULP-LIKE TISSUE BY CO-CULTURING DPSCS AND ECS IN A PEPTIDE
HYDROGEL SCAFFOLD

Waruna L. Dissanayakal, Chengfei Zhangl, Kenneth M. Hargreavesz, Lijian Jint

1University of Hong Kong, Sai Ying Pun, Hong Kong, 2Universit“y of Texas Health Science Centre at San Antonio, San
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Objectives: To investigate vascular network formation and differentiation of mono- or co-cultured human dental
pulp stem cells (DPSCs) and human umbilical vein endothelial cells (HUVECs) within a three-dimensional peptide
hydrogel scaffold (PHS); and to utilize this prevascularized construct for dental pulp regeneration in an in-vivo mod-
el.

Methods: Monocultures and combinations of co-cultures (3:1, 1:1, 1:3) of DPSCs and HUVECs were encapsulated
in different concentrations (0.5%, 0.25%, 0.15%) of PHS (BD-Biosciences, Bedford, MA). DPSCs and HUVECs were
transfected with green fluorescent protein and red fluorescent protein respectively using pre-made lentiviral
particles (GenTarget Inc, San Diego, CA) before encapsulation. Cellular morphologies and 3-dimensional organiza-
tion of cultures within PHS were monitored using confocal microscopy. Cell viability was assessed using a live/dead
viability assay kit at day 7 and 14. Cell cultures within PHS were induced for odonto/osteogenic differentiation (up



to 21-days), examined for alkaline phosphatase (ALP) activity (ALP quantification assay) and mineralization (Von-
Kossa staining). Cell-scaffold constructs were injected into the canal space of tooth-root fragments and implanted
into the subcutaneous space on the back of 6- 8-week-old female severe combined immunodeficient mice. Three
months after the transplantation, the mice were euthanized and the tooth fragments were removed for histological
(Haematoxylin and eosin) and immunohistochemical (human mitochondria and CD31) analysis. Experiments were
conducted in triplicate using DPSCs from three different donors and statistically analysed (ANOVA).

Results: Live/dead assay revealed 0.15% as the optimum PHS concentration with a significantly high survival of
HUVECs compared to 0.5% and 0.25% PHS. In monocultures, DPSCs survived and grew faster than HUVECs. In co-
cultures both cells survived well and HUVECs formed an extensive vessel-like network throughout the PHS com-
pared to HUVEC monocultures where it failed to form any vessel-like structures. This finding suggested that co-cul-
ture inhibits HUVECs apoptosis and secretes angiogenic factors to promote vessel-like network formation. At higher
endothelial cell counts, the density of vessel-like structures was low and DPSC:HUVEC 3:1 was found as the optim-
um ratio. ALP activity of cells in co-culture was higher than that of DPSCs in monocultures (p<0.05). Despite the
ratio, all the co-cultures showed higher amount of mineralization compared to monocultures. The longitudinally
sectioned root constructs revealed that 1/3-1/2 of the canals was filled with highly vascularised regenerated pulp-
like tissue in both DPSC alone and DPSC-EC co-cultured groups. Majority of the cells in regenerated tissue stained
positively for antibodies against human mitochondria confirming the human cell origin of them. Positive staining
for CD31 was seen in cells lining the blood vessels in the regenerated tissues, suggesting that the transplanted en-
dothelial cells were responsible for the newly formed vasculature.

Conclusion: These findings indicate that PHS promotes angiogenesis and osteo/odontogenic differentiation in-vitro
and can successfully be used for engineering vascularised-pulp tissues in-vivo.
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ODONTOGENIC DIFFERENTIATION OF DENTAL PULP-DERIVED STEM CELLS ON TRICALCIUM PHOSPHATE
SCAFFOLDS

Mohamadreza Baghaban Eslaminejad, Sima Bordbar, Hamid Nazarian
Department of Stem Cell and Developmental Biology, Cell Science Research Center, Royan Institute for Stem Cell Bi-
ology and Technology, ACECR, Tehran, Iran, Tehran, Iran, Islamic Republic of

The regeneration of dental-related tissue is a major problem in dentistry. Thus it is beneficial to develop dental
constructs that are fabricated with dental pulp stem cells (DPSCs) and an appropriate scaffold. The present study
investigates the level of odontogenic differentiation of human DPSCs on tricalcium phosphate (TCP) scaffolds. Pulp
stem cells from human third molars were isolated, culture-expanded through several successive subcultures and
characterized in terms of surface markers as well as differentiation potential. The passaged-3 cells were then loaded
onto the scaffolds and treated with odontogenic supplements (OS) that included vitamin D3 for a period of 21 days.
The scaffolds were Kasios TCP which is commercially available in the form of granules with 3 mm dimensions, aver-
age pore size of 200-500 um and a mean porosity of 60%-80%. DPSCs cultivated on TCP without OS, a monolayer
culture treated with OS, and normal pulp tissue were the controls. To determine the loading efficiency, a few hours
after cell loading we quantified the cells present within the culture medium. The scaffolds were also prepared for
light microscopy (LM) and scanning electron microscopy (SEM) to observe the cells within the scaffold. Further-
more, we compared the groups in terms of odontogenic differentiation markers. According to our results, the load-
ing efficiency was 80%. Based on the representative section prepared from the scaffold/cell construct, DPSCs ap-
peared to occupy the scaffold pore spaces. In SEM images, the cells were observed to establish an attachment with
scaffold surfaces. Alkaline phosphatase (ALP) activity, amount of culture mineralization, as well as the expression
levels of dentin sialophosphoprotein (DSPP) and dentin matrix acidic phosphoprotein (DMP1) genes tended to be
significantly high in the three-dimensional (3-D) cultures treated with OS compared to those 3-D cultures without
OS and the monolayer culture with OS (p<0.05). The differentiation level of 3-D cultures was considerably lower
than that of pulp tissue extracted from third molars (p<0.05). 3-D culture on TCP without OS showed a level of dif-
ferentiation indicating an odontogenic property of TCP biomaterial. In conclusion, the 3-D culture system improves



odontogenic differentiation of DPSCs. The differentiation level of the cells in 3-D culture is significantly lower than
that of odontoblasts present in pulp tissue. TCP biomaterial possesses an odontogenic-inducing property.
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IN VIVO TISSUE FORMATION BY MESENCHYMAL STEM CELLS DERIVED FROM HUMAN EXTRACTED IMMATURE
TEETH AND MATURE WISDOM TEETH.

Yuichi Tamaki
Department of Developmental and Regenerative Dentistry, The Nippon Dental University, Tokyo, Japan

Introduction: Mesenchymal stem cells are found in several different dental tissues, including dental pulp, period-
ontal ligament, apical papilla and dental follicle. In our previous study, we found that DSCs have higher proliferative
potential than bone marrow-derived stem cells (BMSC). Dental stem cells (DSCs) have multipotent capacity of dif-
ferentiate into various cells such as osteoblasts, adipocytes and even neuronal cells. However, it is not clear wheth-
er the origin (anatomical or tooth developmental stage) of these cells influences the type of tissue produced. We
aimed to investigate the tissue forming potential of DSCs through the transplantation experiments in vivo.
Methods: Stem cells isolated from the apical papilla (APSC) and dental follicle (DFSC) of immature teeth and the
periodontal ligament (PDLSC) and dental pulp (DPSC) of mature wisdom teeth, were cultured for three passages be-
fore use. Cells were assessed for telomerase activity and expression of periodontal tissue related genes (F-spondin,
tenascin-N and periostin) compared with BMSC by Quantitative Telomerase Detection Kit (Biomax) and RT-PCR. To
analyze the capacity of the dental stem cells to form hard tissues, we combined each cell type with hydroxyapat-
ite (HA) particles within a collagen gel scaffold. This construct was then transplanted subcutaneously into CB.17
ICR-scid immunocompromised mice. For histological examination, the samples were collected 16 weeks after the
transplantation and were fixed with 10% neutral buffered formalin. They were then decalcified, embedded in par-
affin, and cut into serial sections (5 um). The specimens were stained with hematoxylin and eosin and Masson’s
trichrome. To examine the formed tissue, immunohistochemistry was performed using antibodies against human
specific vimentin, periostin, dentin sialoprotein (DSP), and bone sialoprotein (BSP). The primary antibody was omit-
ted during immunostaining as a negative control.

Results: Telomerase activity was higher in APSC and DFSC than in other cell types. Expression of periodontal tissue
related genes differences between cell types in F-spondin and tenascin-N expression. DFSC expressed F-spondin
higher than the others. Histological analysis showed that all of the DSCs formed a hard tissue structure along with
the surface of HA. For immunohistochemical analyses, they were entirely positive for vimentin and periostin anti-
bodies, while they were partially positive for BSP and DSP antibodies.Conclusions: These results suggest that DSCs,
especially APSC and DFSC, have capacity of forming hard tissues around a suitable scaffold. Thus, immature teeth
appear to be an excellent source of cells for targeted dental hard tissue regeneration applications.
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DERIVATION OF DEFINITIVE ENDODERM -LIKE CELLS FROM HUMAN EYE DERIVED INDUCED PLURIPOTENT STEM
CELLS CULTURED IN TWO OR THREE DIMENSIONAL CELL CULTURE ENVIRONMENTS

Mohammad Massumil, Elham Hoveiziz, Farzaneh Pourasgari3
INational Inst of Genetic Engineering and Biotechnology, Tehran, Iran, Islamic Republic of, ZBioIogica/ Sciences, Tar-

biat Moallem University, Tehran, Iran, Islamic Republic of, 3Biotechnology, Razi Vaccine and Serum Research Center,
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Due to lake of immunological incompatibility and ethical issues, human induced pluripotent stem cells (hiPSCs)
have been considered as potent source for disease modeling, cell replacement therapy and pharmacological
screening. In generation of insulin-producing cells from iPSCs, derivation of definitive endoderm (DE) cells is the
most critical stage. Furthermore, to generate a specialized tissue in vitro that can recapitulate bona fide tissue, cul-
turing and differentiation of cells in a three dimensional (3D) culture environment is required. In the present study,
first we established novel iPS cells, ECiPS, which directly reprogrammed from human Eye Conjunctiva-derived Mes-



enchymal Stem Cells (EC-MSCs). To provide 3D culture system PLA/gelatin nanofibrous scaffolds were fabricated.
Then ECiPS cells were cultured either on the gelatin (2D) or PLA/gelatin electrospun scaffolds (3D) and induced into
DE cell programming fate by specific signaling molecules. Expression analyses of DE-specific markers in mRNA and
protein levels confirmed high expression of these markers in ECiPS-derived DE-like cells differentiated in either the
2D or 3D cultural environments. However the level of increase in the ECiPS-derived DE-like cells cultured/differen-
tiated in the PLA/gelatin electrospun scaffolds was significantly higher than expression in the ECiPS-derived DE-like
cells cultured/differentiated in the 2D culture system. In conclusion, culturing/differentiation of iPSCs in a 3D cul-
ture environment could result in efficient derivation of DE-like cells in comparison to cells cultured/differentiated in
a 2D culture system. The result of this study may have impact in future tissue engineering of diseases that implicate
DE-derived organs.
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MOUSE EMBRYONIC STEM CELL-DERIVED IN VITRO MODEL OF HEART, LIVER, AND PANCREAS ON MICROFLUIDIC
DEVICE

Yoh-ichi Tagawal, Miho Tamail, Yoichi Fujiyama2

1Tokyo Institute of Technology, Yokohama-shi, Japan, 2Shimadzu Corp., Kyoto, Japan

There are multicellular organisms such as mammalians consisting of a variety of tissues and organs. However, its
ontogeny starts from a fertilized egg, a single cell, dividing and differentiating, and finally developing to a single
organism having tissues and organs. Blastocyst, a 3.5 day embryo in mouse, consists of trophectoderm and inner
cell mass (ICM). The body of the organism is develops from the ICM which can differentiate to three germ-layers.
Embryonic stem (ES) cells, having pluripotency to be able to differentiate to three germ-layers, are derived from
the ICM.

We have established the murine ES cell-derived in vitro model of heart, liver, and pancreas, iHLPmEs, consisting of
not only beating cardiomyocytes, liver tissue of hepatocytes and endothelial networks, but also pancreatic islets of

insulin and glucagon producing cells. The iHLPMES was differentiated from the visceral endoderm-like layer having

embryoid body prepared from mouse ES cell lines, E14.1 or ST1. Glucose level in the medium of the iHLP™MES model
decreased at high insulin, while increased at the high glucagon concentration, suggesting that glucose level could
be controlled in the model. Furthermore, multidrug resistance-associated protein 2 and organic anion-transporting
polypeptide 2 were confirmed to be functionable in the iHLP™MES model, but not in the primary culture of hepato-

cytes, suggesting that the iHLPMES model was succeeded in having the hepatic multi-polarities. Now, we are trying

to equip the iHLP™ES with medium-flow system using micro-device like the blood, expecting close to the in vivo

metabolism system, as a minimal mammal system.
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HYPOXIC CONDITIONED MEDIUM OF MESENCHYMAL STEM CELLS ENHANCED BONE REGENERATION IN RAT
CALVARIAL BONE DEFECTS THROUGH REGULATION OF INTEGRIN a-1 TARGETED-MICRORNA-125B

Yu Jin Jung
Institute of Catholic Integrative Medicine, Incheon St. Mary’s Hospital, The Catholic University of Korea., Incheon,
Korea, Republic of

Hypoxic conditioned medium of mesenchymal stem cells enhanced bone regeneration in rat calvarial bone
defects through regulation of integrin [[Unsupported Character - Symbol Font &#61537;]]-1 targeted-mi-
croRNA-125b

Yu Jin Jung®, Hyun-joo Ham?, Sang In Park?®, Yoonjin Bae®, Moon-Seo Park?, Yong-An Chung?, Lee-So Maeng?, Woo-
chul Chang?
nsitute of catholic Integrative Medicine (ICIM), Incheon St. Mary’s Hospital, The Catholic University of Korea.



The use of mesenchymal stem cells (MSCs)-conditioned medium (CM) may be a feasible approach to regenerate
bone defect in rat through secreting various factors of MSCs including cytokines, chemokines and growth factors. In
this study, we investigated that CM collected under hypoxic culture condition can affect bone regeneration through
enhanced migration and adhesion of rat MSCs (rMSCs). rMSCs treated of hypoxic-CM (HCM) showed a signific-
antly increased migration ability compared to the rMSCs treated of normoxic CM (NCM). Also the rMSCs treated
of HCM showed increased expression of integrin alpha-1 (ITGA1) which plays a critical role in control of cell mi-
gration. The upregulation of ITGA1 was induced by changed expression of the ITGA1 targeted-microRNA-125b on
rMSCs because microRNAs are key regulator in various biological functions including cell differentiation, survival
and migration by regulating gene expression. Rat calvarial defect model was administrated in three different groups
using one of the following graft materials: HCM/greenplast (HCM/g), NCM/greenplast (NCM/g), and DMEM/green-
plast (DMEM/g). After 4 and 8 weeks, newly regenerated bone was evaluated using computed tomography (CT)
and calcein fluorochrome. CT and calcein analysis indicated that the newly regenerated bone in HCM/g group have
enhanced compared to the other groups. These results suggest that HCM may be improved bone regeneration
through regulation of ITGA1 targeted-microRNA-125b by secretomes of rMSCs under hypoxic condition

W-2277

HUMAN ENDOMETRIAL MESENCHYMAL STEM CELLS MODULATE THE TISSUE RESPONSE AND MECHANICAL
BEHAVIOUR OF POLYAMIDE MESH IMPLANTS FOR PELVIC ORGAN PROLAPSE REPAIR

Caroline E. Gargettl, Daniela UIrichl, Sharol L. Edwardsz, Jacinta F. White3, Christopher Su3, Ker Sin Tanl, Anna
Rosamilia4, John AM Ramshaw3, Jerome A. Werkmeister3
1The Ritchie Centre, Monash Institute of Medical Research, Melbourne, Australia, 2Materials Science and Engineer-

ing, CSIRO, Geelong, Australia, 3Materials Science and Engineering, CSIRO, Melbourne, Australia, 40bstetrics and
Gynaecology, Monash University, Melbourne, Australia

Pelvic organ prolapse (POP) is the herniation of bladder, bowel and/or uterus into the vagina causing urinary incon-
tinence and sexual dysfunction. POP results from childbirth injury. POP occurs in 25% of all women and 11-19% of
women will be treated for POP by reconstructive surgery with or without polypropylene mesh. Complication rates
approach 30% and the FDA has posted 2 warnings on the use of polypropylene mesh for vaginal repair surgery.
We have identified and characterised human mesenchymal stem cells (MSC) from a novel source, the highly regen-
erative endometrial lining of the uterus. Perivascular endometrial MSC (eMSC) can be prospectively isolated from
endometrial biopsies in the CD140+CD146+ subpopulation (1) or by a single marker, W5C5 (2). Our objective was to
use a tissue engineering approach to assess the in vivo biological and biomechanical behaviour of a new synthetic
polyamide/gelatin composite mesh (3) seeded with human eMSC in a subcutaneous rat model of wound repair.
Human eMSC were isolated from collagenase-dissociated endometrial tissue using W5C5-labelled magnetic beads,
expanded in culture to passage 6, labelled with a fluorescent dye (DiO) and seeded onto fibronectin coated meshes
(polyamide/gelatin composite, 25x10 mm) (3) at 500,000 cells/scaffold. Cell-seeded meshes were subcutaneously
implanted dorsally in immunocompromised nude rats for 7, 30, 60 and 90 days (n=8/group). Controls received
meshes without cells. Explanted samples were analysed by flow cytometry to detect DiO-labelled cells, by immuno-
histochemistry to assess foreign body reaction and tissue integration. Collagen 11/l ratios were quantified by chem-
ical assays, collagen organisation by birefringence and uniaxial tensile testing by Instron.

Implanted meshes were well tolerated and there were no mesh erosions. Labelled eMSC were detected on the
mesh up to 14 days post-implant. Meshes with and without cells were equally infiltrated with CD45+ leukocytes,
which subsided by 90 days in cell-seeded mesh, but not in mesh alone (P<0.05). There were similar temporal differ-
ences in CD68+ macrophage infiltration and the M1 and M2 macrophage content differed between mesh seeded
with or without cells (P<0.05). In cell-seeded mesh, neovascularisation was greater at 7 days than controls (P<0.05).
New collagen was observed in meshes with and without eMSC. At 7 and 90 days, the meshes seeded with cells
were less stiff than those without cells.

This tissue engineering approach reduced the number of inflammatory cells around implanted mesh filaments and
promoted neovascularisation, suggesting that eMSC exert an anti-inflammatory effect, promoting wound repair



with minimal fibrosis, and new tissue with more compliant properties. EMSC seeding improves polyamide/gelatin
composite mesh biocompatibility and may provide an alternative novel approach for the future treatment of POP.

1.Schwab KE, Gargett CE (2007) Co-expression of two perivascular cell markers isolates mesenchymal stem-like cells
from human endometrium. Human Reproduction 22: 2903-11

2.Masuda H, Anwar S, Bihring HJ, Rao J, Gargett CE (2012) A novel marker of human endometrial mesenchymal
stem-like cells. Cell Transplantation 21: 2201-14

3.Ulrich D, Edwards SL, White JF, Supit T, Ramshaw JAM, Lo C, Rosamilia A, Werkmeister JA. Gargett CE (2012) A
preclinical evaluation of alternative synthetic biomaterials for pelvic organ prolapse repair using a rat abdominal
hernia model. PLoS ONE 7 (11):e50044
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UMBILICAL CORD BLOOD-DERIVED MESENCHYMAL STEM CELLS TRANSPLANTATION WITH THIOLATED
HYALURONIC ACID/PEG-DA HYDROGEL IMPROVES CARDIAC FUNCTION IN A RAT MYOCARDIAL INFARCTION
MODEL

Byung-Jae Kangl, Seul Ki Lee?, Yiming Shen2, Hwan Kim?, Sunyoung Jungs, Nathaniel SukYeon Hwang4, So Yeong
Lee2, Mincheol Choi3, Pan Dong Ryu?, Je-Yoel Chol
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Mesenchymal stem cell (MSC) transplantation is a newly developed

strategy for cardiac tissue regeneration after myocardial infarction (Ml). However, this application is limited by low
retention and survival rate of transplanted cells. To improve the efficacy of umbilical cord blood (UCB)-derived MSC
therapy for MI, we investigated whether thiolated hyaluronic acid/polyethylene glycol diacrylate (tHA/PEG-DA) hy-
drogel mixed with UCB-MSC could improve cardiac function and inhibit left ventricle (LV) remodeling in a rat model
of MI. tHA/PEG-DA hydrogel alone, MSC alone or tHA/PEG-DA hydrogel seeded with MSC were injected into the
infracted myocardium immediately after coronary artery ligation in male rats. Injection of PBS served as control.
Five weeks after the MSC transplantation, the echocardiogram showed that injection of UCB-MSC with hydrogel
increased the LV ejection fraction and fractional shortening. Histological analysis indicated that injection of UCB-
MSC with hydrogel induced a decrease in Ml size and an increase in scar thickness, and subsequently prevented
scar expansion. This study indicates that tHA/PEG-DA hydrogel could enhance the therapeutic effect of MSC trans-
plantation for Ml and therefore the injection of UCB-MSCs with this hydrogel may be a promising strategy in the
treatment of M.
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BIOLOGICAL BEHAVIOR OF MESENCHYMAL STEM CELLS ON POLI-e-CAPROLACTONE FILAMENTS AND A
POTENTIAL STRATEGY FOR TISSUE ENGINEERING OF PERIPHERAL NERVES

Alvaro C. Ruiz, Rosalia M. Otero, Victor T.R. Resende
Institute of Biophysics Carlos Chagas Filho, Federal University of Rio de Janeiro, Rio De Janeiro, Brazil

Background: Peripheral human nerves fail to regenerate across longer tube implants, most likely because implants
lack the microarchitecture of native nerves, including bands of Bungner, that guide selectively regrowing axons.
Bone marrow derived cells can contribute to the regeneration of the peripheral nervous system in many aspects
under cell therapies approach due to the secretion of soluble factor, for instance. Our previous works showed that
microstructured biomaterial filaments are capable of inducing bands of Bungner and that bone marrow cells induce
regeneration acting on both neuronal and glial cell populations of the peripheral nervous system (PNS). Therefore,
to optimize tubular implants by integrating artificial bands of Bungner and a biological component capable of en-



hancing that regenerative capacity, we study the interaction between poly-caprolactone (PCL) filaments and bone
marrow mesenchymal stem cells (MSC).
Methods: For in vitro experiments, rat’s MSC were placed on PCL filaments previously treated with plasma O3,

poli-D-lysine and laminin. Cells were plated in three different concentrations, 2x105, 2x106 and 8x10° cells/mL, in
DMEM F-12 plus 10% fetal bovine serum. After 48h of incubation, the adhesion profile, viability and proliferation
capacity of those cells, in contact with the filaments, were analyzed. Adhesion profile was analyzed by immune
marking with CD-90 antibody, viability by staining with Calcein AM and Ethidium homodimer-1 and proliferation by

immune marking with KI-67 antibody. We also plated rat’s adult Schwann cells at the concentration of 5x10° cells/
mL on PCL filaments covered with MSC, 24h after the MSC plating, and let the co-culture go on for another 24h to
analyze the feasibility of the Schwann cells-MSC-PCL filament system. Before plating, Schwann cells were incubated
with CellTrace to assure distinction from the MSC. To test the potential for tissue engineering of peripheral nerves,
embryonic rat’s dorsal root ganglia were plated in contact with PCL filaments, with or without MSC. The samples
were incubated for 4 days then immunolabeled for Neurofilament-200 antibody to analyze neurite extension.
Results: We observed that MSC appeared to be confined to lateral areas and ridges of PCL filaments, showing an
alignment along the longitudinal microstructure. However, as we increased the plating concentration of cells, al-
though the number of adherent cells also increased, the rate of alignment gradually decreased, as they agglomer-
ated themselves. Cells showed high viability (90%) and their proliferation capability was not completely inhibited
by the filaments. Schwann cells were able to adhere to the filaments plated with MSC maintaining also high viabil-
ity (90%). Neurites were able to grow and extend over the surface of the PCL filaments when they were previously
covered with MSC. Data were analyzed using one-way analysis of variance (ANOVA) with Neuman-Keuls post-test
for multiple comparisons.

Conclusion: We provide evidence for the interaction between MSC, Schwann cells and PCL filaments, as they can
constitute a stable system permissive for neurite extension and possibly events for the regeneration of the PNS.
Moreover, we have ongoing experiments to further refine our study of the interaction between MSC, the peripher-
al nervous system and PCL filaments.
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XENO-FREE EXPANSION AND DIFFERENTIATION OF HUMAN PLURIPOTENT STEM CELLS IN STIRRED SUSPENSION
MICROCARRIER CULTURES

Yongjia Fan, Emmanuel (Manolis) S. Tzanakakis
Chemical and Biological Engineering, University at Buffalo, Buffalo, NY, United States

A major challenge for the translation of human pluripotent stem cells (hPSCs) to clinical applications -including tis-
sue engineering and cell-based therapies- is the development of scalable bioprocesses affording the generation of
medically relevant quantities of cellular material free of xenogeneic factors.

We employed a xeno-free stirred-suspension microcarrier bioreactor for the expansion of undifferentiated hPSCs
and their directed commitment to particular fates. A vitronectin-derived peptide was conjugated on the surface
of microcarriers. Initially different surface peptide densities were screened in static microcarrier cultures. Subse-
qguently, cells were expanded for five successive passages in stirred suspension. The cells maintained a doubling
time similar to that in regular dish cultures, with a 25-fold increase in cell concentration per passage, and exhibited
higher than 85% viability. Moreover, the expression levels of pluripotency markers such as Nanog, Oct4 and SSEA4
were preserved as assessed by quantitative PCR, immunochemistry and flow cytometry. Cells cultured on the xeno-
free microcarriers exhibited a normal karyotype. After multiple passages in the bioreactor, the cells were subjected
to tri-lineage differentiation in static cultures. The resulting cells expressed markers of definitive endoderm (SOX17,
FOXA2), mesoderm (MEOX, KDR1) and ectoderm (NES, TUBB3). Lastly, hPSCs propagated on peptide-conjugated
beads were directed to mesoderm fate in stirred suspension. The fraction of differentiated progeny co-expressing
MEOX1 and KDR was higher than that of cells in dish cultures. These results suggest that the peptide-conjugated
microcarrier culture system developed in this study is suitable not only for expansion of self-renewing hPSCs but
also for their guided commitment to specific phenotypes. We expect that this culture modality will contribute to



the design and development of stirred-suspension microcarrier bioreactors for the scalable propagation and differ-
entiation of xeno-free hPSCs and their progeny intended for clinical therapies.
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BUILDING 3D MICROMUSCLE IN VITRO FROM PATTERNED EXTRACELLULAR MATRIX STIFFNESS AND ADIPOSE
DERIVED STEM CELLS
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Building 3-D pMuscle in vitro from Patterned Extracellular Matrix Stiffness and Adipose-derived Stem Cells

Yu Suk Choi, Ludovic Vincent, Andrew Lee, Matthew Ondeck, Kyle Kretchmer, Marek Dobke and Adam Engler

Cell patterning has been widely used to control stem cell shape, size, and adhesion but is typically limited to 2-D
via selective deposition of extracellular matrix (ECM); however in tissues, cells are embedded in a 3-D matrix and
also influenced by spatial differences in stiffness, which can result in patterned cell arrangements. Indeed, 2-D,
fibronectin-coated, mechanically-patterned hydrogels provided more robust and prolonged cell patterns in serum-
containing media than their ECM pattern-based counterparts. Adipose-derived stem cell (ASC) differentiation into
myocytes was enhanced via patterning through improved alignment and cell fusion rate and number on stiffer re-
gions of the matrix. Conversely, PC12 neuronal cells remain on soft regions of the hydrogel for prolonged culture
time, suggesting that mechanical patterning can be used to build micro-tissues in vitro to examine more complex
structures. To build stiffness-patterned micro-muscle cultures in 3-D, ASCs (or control myocytes) and PC12 neurons
were encapsulated in stiffer or softer layers of a metacrylated-hyaluronic acid (MeHa) hydrogel impregnated with
RGDS adhesive peptides, respectively. ASCs and myocytes filled stiffer layers with elongated, fused cells while neur-
ons remained within softer layers though they exhibited interactions with myocytes. These data suggest the form-
ation of micro-muscle cultures and the development of new 3-D platforms to create tissue engineered, innervated
micro-muscles of neural and muscle phenotypes juxtaposed next to each other.
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STRETCH-ACTIVATED ION CHANNELS IN HUMAN NEURAL STEM CELL MECHANOTRANSDUCTION

Medha M. Pathak?!, Jamison L. Nourse?, Truc T. Tran?, Lisa A. Flanagan?, Francesco Tombolal
ADept. of Physiology & Biophysics, BDept. of Neurology, 1University of California, Irvine, Irvine, CA, United States

Mechanical properties of the environment, such as rigidity, nanotopology, strain and shear forces are emerging
as powerful modulators of stem cell behavior. A recent paradigm shift in stem cell biology has resulted from the
discovery that variability in extracellular matrix stiffness is sufficient to direct cell fate and lineage specification.
For example, in neural stem cells soft substrates promote neuronal specification whereas hard substrates promote
glial specification. Although several molecular players that respond to substrate stiffness at focal adhesion zones
have been identified, the mechanisms that direct downstream signaling pathways are not well understood. Here
we examine the role of stretch-activated ion channels in matrix-elasticity-driven cell differentiation. Using patch
clamp electrophysiological measurements we find that human neural stem/progenitor cells (RNSPCs) exhibit robust
membrane-stretch-induced currents. High-speed Total Internal Reflection Fluorescence Microscopy reveals that

activity of these channels elicits spontaneous CaZ* transients in hNSPCs that are higher in amplitude on hard sur-
faces than on soft surfaces. Our results suggest that stretch-activated ion channels may be important for transdu-
cing substrate stiffness information into downstream pathways of differentiation in neural stem cells.
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MECHANICAL AND PHENOTYPIC DYNAMICS OF 3D PLURIPOTENT STEM CELL MORPHOGENESIS
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Embryonic stem cells (ESCs) exhibit the capacity for the endogenous cell milieu to direct complex migration and
self-organization, including the induction of the epithelial-to-mesenchymal transition, analogous to events medi-
ating primitive streak migration during gastrulation. However, opportunities remain to develop a more complete
understanding of dynamics of three-dimensional morphogenesis. The objective of this work is to quantitatively
characterize the dynamics of the three dimensional ESC microenvironment, in order to control spatial and tempor-
al aspects of pluripotent cell fate and morphogenesis and ultimately enable the derivation of complex, functional
microtissues amenable to the replacement or regeneration of damaged tissue.

The multicellular aggregation kinetics of murine ESCs (D3) were precisely controlled via the combination of forced
aggregation and subsequent rotary orbital suspension culture, which enables more uniform and reproducible em-
bryoid body (EB) size, and thereby provides a controlled platform amenable to better understanding three-dimen-
sional stem cell morphogenesis. Supplementation with BMP4 (10 ng/mL) increased expression of mesodermal
genes (Gata2, Gata4, VE-cadherin) and induced an epithelial-to-mesenchymal transition, which was apparent with-
in regions exhibiting distinct mesenchymal-like cell morphologies and a-smooth muscle actin (a-SMA) expression.
The physical changes accompanying morphogenesis were subsequently analyzed to develop a quantitative under-
standing of the relationship between EB structure and morphogenesis. Mesenchymal EBs (+BMP4) exhibited signi-
ficantly increased modulus (p<0.05) after 7 days of differentiation compared to those differentiated in basal serum-
free media (169.2 + 8.1, +BMP4; 110.5 + 4.4 Pa, basal), and dynamically modulated viscoelastic characteristics dur-
ing differentiation. Cytoskeletal perturbation (Y-27632; 10 uM) significantly decreased the modulus (>1.4-fold de-
crease), indicating that the stiffness of EBs is mediated in large part by cytoskeletal tension. Moreover, EBs differ-
entiated in the presence of cytoskeletal agonists (jasplakinolide) and antagonists (Y-27632; latrunculin B) exhibited
altered stiffness, in a culture condition specific manner; EBs differentiated under basal conditions in the presence
of jasplakinolide (actin polymerization) and those treated with BMP4 and latrunculin B (actin depolymerization)
exhibited increased stiffness compared to those without cytoskeletal perturbations, suggesting divergent roles for
cytoskeletal dynamics in mediating ESC morphogenesis. EBs also exhibited significantly increased fluidic resistance
(p<0.05 days 4-7 compared to days 2 and 3) during the first 7 days of differentiation, indicating that multicellular
structural changes resulting from morphogenesis accompany increasingly limited molecular transport within EBs.
The results of these studies collectively indicate that biophysical properties of morphogenic EB microenvironments,
including mechanical and transport characteristics, are dynamically altered as a result of phenotypic changes that
transpire during ESC differentiation. Ultimately, understanding biochemical and biophysical tissue morphogenesis
is expected to elucidate cellular interactions governing embryonic development and cell specification, and will in-
form strategies to generate functional tissue structures for regenerative therapies.
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EVALUATION OF MICROCARRIER-BASED SUSPENSION CULTURES FOR HUMAN INDUCED PLURIPOTENT STEM
CELLS
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A microcarrier-based suspension culture was explored for scale-up of human induced pluripotent stem cell (hiPSC)

expansion in serum-free medium using synthetic peptide-acrylate surfacelll beads that were developed for long-
term support of hiPSC self-renewal. Single-cell inoculation of hiPSCs on the microcarriers was optimized using a
chemical inhibitor of the Rho-associated kinase pathway. This microcarrier system supported approximately 10-fold



expansion of the attached cells after 5 days in static culture. Scaling up the microcarrier-based system to 15mL-
spinner flasks resulted in a 7-fold increase of the attached cells within 7 days. Initial cell densities of 50,000 and

25,000 cells/cm? were tested for a bead concentration of 3 g/| (corresponding to 100 cmz/spinner). The percent-
age of cells that attached to microcarriers was very similar in both cases (32-35%). However, reducing the initial cell
density resulted in a 2-times higher cell expansion. Envisaging the improvement of the scalability of the culture,
multi-passage expansion on the microcarriers was attained by single-cell inoculation of harvested cells and also us-
ing confluent microcarriers as the inoculum, which was possible due to bead-to-bead cell transfer. After 4 passages
of confluent microcarriers at a 1:1 ratio, a cumulative 339-fold expansion was achieved over 15 days of culture. In
static as well as in dynamic cultures cells maintained their typical morphology and pluripotency-associated marker
expression. We expect this technology to facilitate the standardized and automated scale-up of hiPSCs and their
derivatives for further downstream applications including potential cell replacement therapies.

[1] Melkoumian Z, et al. (2010) Nat. Biotechnol. 28:608-610
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TISSUE ENGINEERING OF SMALL INTESTINE IN VIVO FOLLOWING SEEDING OF ORGANOID UNITS ON
DECELLULARIZED INTESTINAL MATRICES

Panagiotis Maghsoudloul, Daniel E. Levinz, Giorgia Totonellil, Allison L. Speerz, Xiaogang Hou2, Erik R. Barthelz,
Justin ML Dreyfussz, Christa N. Grantz, Stavros Loukogeorgakisl, Salvador Garciaz, Simon Eatonl, Tracy C.
Grikscheit2, Paolo De Coppi1
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Aim of the study: Management of intestinal failure remains a clinical challenge and tissue engineering (TE), using
an appropriate combination of scaffolds and cells could provide a therapeutic solution. We aim to create a neo-in-
testine that will be able to be connected to the host’s blood supply.

Methods: We decellularized rat intestine using a previously described detergent-enzymatic methodology. We ster-
ilised the scaffolds using UV irradiation, seeded with GFP+ organoid units derived from neonatal mouse intestine
and transplanted in the omentum and subcutaneous space of irradiated NOD-SCID mice (n=12). Following 1 month
we analyzed the seeded scaffolds using histology and immunofluorescence.

Main results: Following 1 cycle, all of the nuclear material in the scaffolds was removed as evident by histology and
DNA quantification. In the luminal aspect, electron microscopy demonstrated an intact crypt-villus micro-architec-
ture. After 1 month of in vivo growth, a number of the seeded rat scaffolds had grown into vascularized balls of
1cm diameter with simple cuboidal epithelium in the luminal side that was E-cadherin+ and villin+.

Conclusion: Transplantation of the rat scaffold in the omentum led to the formation of epithelium. We envisage
cell seeding wherein the natural scaffold is surgically micro-anastomosed to the host’s blood supply to enhance cell
growth.
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DIRECTED DIFFERENTIATION OF HUMAN PLURIPOTENT STEM CELLS TO CARDIOMYOCYTES WITH IMPROVED
EFFICIENCY IN A DEFINED XENO-FREE SYSTEM

Abhirath Parikh, Emmanuel (Manolis) S. Tzanakakis
Chemical and Biological Engineering, Univ of Buffalo, Buffalo, NY, United States

Embryonic and induced pluripotent stem cells (PSCs) are an inexhaustible source of cardiomyocytes for treating
myocardial infarction, a leading cause of morbidity and mortality. Recent advances in the development of patient-
specific induced PSCs greatly improve the chances of clinical success. However, the lack of reproducible and effi-
cient methods of cardiac differentiation poses challenges for the development of scalable bioprocesses. Some pro-
tocols require additional enrichment or purification steps and most of them are hampered by low differentiation



efficiencies thereby increasing the total operating costs. To resolve these issues, we have assessed different signal-
ing pathways for efficient cardiac differentiation, and investigated methods for improving the yield of cardiomyo-
cytes across a variety of human PSC (hPSC) lines.

Our approach for developing a cardiogenic differentiation method for hPSCs comprises three steps: (1) Stem cells
were efficiently directed toward mesoderm-oriented primitive streak in a short timeframe characterized by high
expression levels of BRACHYURY (T), MIXL1, EOMES and MESP1 assessed by PCR-gel electrophoresis and quantitat-
ive PCR. (2) Subsequently, these cells were coaxed along cardiovascular lineages expressing markers such as KDR,
cKIT, Nkx2.5, GATA4, MEF2C. Beating cardiomyocytes were formed within a period of 7 days, and cardiac markers
such as B-MHC, TBX20, MLC2a, ANF were strongly upregulated. The upregulation was higher than that seen in cells
treated with conventional protocols for cardiogenic differentiation. (3) Finally, further maturation was promoted to
cardiomyocytes with an increase in the expression of markers such as MLC2v and a-MHC. Corresponding upregu-
lation of cardiac proteins was observed with western blot analysis. Cells also stained positive for cardiac proteins
such as NKX2.5, GATA4, MEF2C, a-ACTININ, cardiac troponins and the cardiac gap junction protein CONNEXIN-43.
Functional characteristics were determined by electrophysiology measurements of cardiac action potentials, and
response of beating clusters to chronotropic drugs. The efficiency of cardiac differentiation was determined to be
up to 70% as assessed by flow cytometry of cardiac markers, and a high number of cardiac cells per stem cell ini-
tially seeded was obtained.

Current results for optimizing our differentiation protocol, and for further improving the efficiency are presented
and strategies to translate the method to various cell lines are discussed. Parallel work is concentrated on reducing
production costs, for example, by introducing small molecules as differentiation factors, for developing scalable
processes using stirred suspension vessels to generate functional cardiomyocytes.
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RAPID HEART DISSOCIATION AND SUBSEQUENT ALLOCATION OF PURIFIED HEART CELLS FOR CARDIAC TISSUE
ENGINEERING

Manuel Kernbach, Anne Maria Wiencierz, Andreas Bosio, Dominik Eckardt, Peter Christalla
Miltenyi Biotec GmbH, Bergisch Gladbach, Germany

Engineered cardiac tissue offers the possibility to replace infarcted myocardium and to investigate heart develop-
ment and cardiomyogenesis in a simplified in vitro model. It is generally accepted that tri-culture of cardiomyocytes
(CMs), fibroblasts (Fibs) and endothelial cells (Endos) enhances functionality of engineered cardiac tissues in vitro
and improves survival in vivo. However, one of the major challenges is the availability of pure heart cells to gen-
erate in vivo-like cardiac tissues in a dish. Utilizing an automated tissue dissociator (gentleMACS) we developed a
rapid neonatal heart dissociation protocol enabling an efficient immunomagnetic enrichment of CMs, Fibs and En-
dos.

First, we established an enzyme mix optimal for the dissociation of neonatal mouse and rat hearts (PO-P3) by
screening our enzyme library. Next, we optimized the dissociation by utilizing our gentleMACS technology resulting
in a fast (1h), robust and automated heart dissociation protocol. Analysis of the dissociated heart cells showed: (i)
high cell vitalities (>90%), (ii) high frequencies of a-actinin-positive CMs (60%; P2) and (iii) vimentin-positive non-
CMs with a frequency of 40% (P2). In order to selectively enrich various cell-types from these heterogenous cell
populations, we performed a cell-surface marker screen. We identified several candidates for the composition of
antibody cocktails enabling selective enrichment of CMs, Fibs or Endos with purities of up to 97%. Cultured CMs
showed spontaneous beating activity and the expression of sarcomeric proteins in a cross striated pattern. In sum-
mary, we established an automated protocol for the dissociation of neonatal hearts, enabling the subsequent im-
munomagnetic enrichment of CMs, Fibs and Endos which can readily be utilized to generate in vitro heart muscle
models and surrogate tissue for myocardial repair.

Embryonic Stem Cell Pluripotency

W-2295



CULTURE OF HUMAN ES AND IPS CELLS USING TESR-E8": A SIMPLIFIED AND LOW PROTEIN MAINTENANCE
MEDIUM COMPATIBLE WITH EITHER BD MATRIGEL" OR VITRONECTIN XF

Erik B. Hadley, Alvin Ng, Heather Drew, Matthew Wong, Mandy Chan, Jessica Norberg, Melanie D. Kardel, Jennifer
Antonchuk, Cindy Miller, Allen C. Eaves, Terry E. Thomas, Sharon A. Louis
STEMCELL Technologies Inc., Vancouver, BC, Canada

The media, protocols and culture systems used for human embryonic stem (ES) and induced pluripotent stem (iPS)
cells under feeder-free conditions have undergone steady improvements since their widespread use was adopted
during the last decade. A key contributor to this progress has been the defined, reproducible and feeder-free main-
tenance medium and culture conditions provided by commercially available mTeSR™1 (STEMCELL), which was de-
veloped based on publications from James Thomson’s laboratory [Ludwig et al., 2006]. Further developments by
the Thomson laboratory have demonstrated that it is possible to remove some extraneous additives and most of
the protein content from the base mTeSR™1 formulation, resulting in a simplified medium known as E8 [Chen et
al., 2011]. A commercially manufactured version of the E8 formulation, TeSR™-E8™ (STEMCELL), is now available
as an alternative maintenance medium for human ES and iPS cell culture. The aim of this study was to test the
robustness of new TeSR™-E8™ by assessing cell morphology, cell expansion and pluripotent marker expression in
two ES (H1, H9) and three iPS (WLS-1C, WLS-4D1, A13700) cell lines cultured in TeSR™-E8™ in the presence of two
different culture matrices: BD Matrigel™ and Vitronectin XF™ (Developed and manufactured by Primorigen Bios-
ciences). To initiate TeSR™-E8™ cultures, cells routinely cultured in mTeSR™1 were dissociated into cell aggregates
and then plated onto pre-coated plates containing TeSR™-E8™ medium. Cells were passaged every 5 - 7 days for
up to 20 passages using an enzyme-free passaging protocol. Briefly, cells were dissociated using Gentle Cell Dissoci-
ation Reagent (STEMCELL) for either 6 - 8 minutes (BD Matrigel™) or 10 - 12 minutes (Vitronectin XF™). The dissoci-
ation reagent was removed and replaced with TeSR™-E8™ medium prior to detachment of cell aggregates by scrap-
ing. A key step in the passaging protocol was the generation of appropriately sized cell aggregates after harvest by
controlling the mechanical dissociation steps prior to replating of the cells. We observed that colonies grown in
TeSR™-E8™ had a more condensed and round morphology when grown on Vitronectin XF™ compared to colonies
grown on BD Matrigel™, which were more diffuse and irregularly shaped. High cell expansion was achieved across
the ES and iPS cell lines tested over the indicated number of passages (p) when using either BD Matrigel™ (H1: 21
+ 3.6 fold; 10p, H9: 36 + 5; 10p, WLS-1C: 35 + 5; 10p, WLS-4D1: 19 + 3; 10p, A13700: 30 * 4; 10p) or Vitronectin
XF™ (H1: 28 + 2 fold; 6p, H9: 33 + 4; 8p, WLS-1C: 34 + 4; 4p, WLS-4D1: 37 + 7; 7p, A13700: 56 + 20; 4p). Finally,
high expression of pluripotent markers (SSEA3, TRA-1-81 and Oct4) was maintained in cells cultured in TeSR™-E8™
on both matrices. In conclusion, our findings demonstrated that TeSR™-E8™ is a robust maintenance medium for
human ES and iPS cells, and is capable of maintaining high quality cell cultures in combination with either BD Mat-
rigel™ or defined Vitronectin XF™.

W-2296
MAINTENANCE OF PLURIPOTENT STEM CELLS CONTROLLED BY KLF5

Takuya Azami, Ken Matsumoto, Hyojung Jeon, Satoru Takahashi, Masatsugu Ema
Department of Anatomy and Embryology, University of Tsukuba, Tsukuba, Japan

Pluripotency is maintained by the core transcription factors, such as Oct4, Sox2, and Nanog. These transcription
factors also have important roles in embryonic development and can reprogram somatic cells into iPS cells. Among
the Yamanaka factors, KIf4 is dispensable for ES cells self-renewal and early embryo development. KIf4 together
with KIf2 and KIf5 play redundant functions in ES cells. However, our previous study clearly indicated that KIf5 is
indispensible for blastocyst development (Ema et al., 2008). Therefore, it is important to elucidate the molecular
mechanism underlying these functions.

To understand the mechanism, we first addressed the precise phenotype of KIf5 KO embryos. By investigating the
BrdU incorporation activity and lineage-marker expressions in KIf5 KO embryos at each early development stage,
we show that cell cycle progression is impaired before the reduced cell number and lineage marker expression ap-



peared. These results suggest that there are common mechanisms in the regulation of cell-cycle between ES cells
and embryo. To reveal the cell-cycle regulation mechanism by KIf, we amplified the cDNA from embryos and per-
formed the microarray analysis. Then we found that FGFR signaling pathway related genes was hyperactivated in
KIf5 KO embryos. Pharmacological inhibition for this pathway by specific inhibitor resulted in significant rescue for
KIf5 KO phenotypes. Interestingly, Nanog positive pluripotent cells were emerged in ICM of KIf5 KO embryos after
pharmacological inhibiton of FGFR signaling pathway. We examined whether KIf5 KO ES cells are derived from res-
cued blastocyst. We obtained 60 ES cell lines from 92 embryos, and remarkably, 7 lines of KIf5 KO ES cell were de-
rived from rescued embryos. These results clearly shows that FGFR signaling pathway is hyperactivated in KIf5 KO
embryos. Since our previous study revealed that KIf5 KO ES cells showed upregulation of Fgf5 expression, we ex-
amined whether FGFR signaling pathway is hyperactivated in KIf5 KO ES cells. Compared to WT ES cells, KIf5 KO ES
cells exhibited elevated levels of the phosphorylation of ERK1/2. Moreover, when KIf5 KO ES cells were cultured in
the presence of Mek inhibitor or Fgfr inhibitor, defective proliferation was partially, but significantly rescued. These
results suggest that KIf5 suppress FGFR signaling pathway in the embryo and ES cells, and act as a safeguard for the
maintenance of pluripotent stem cells.
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MAINTENANCE OF HUMAN EMBRYONIC STEM CELLS IN FEEDER AND bFGF FREE CULTURE SYSTEM USING
CONDITIONED MEDIA FROM IMMORTALIZED HUMAN FORESKIN FIBROBLAST CELLS

Sujata Mohantyl, Pooja Teotial, Balram Airan?

AStem Cell Facility, BDepartment of Cardiothoracic and vascular Surgery, 1AIIMS, New Delhi, New Delhi, India

Mouse and Human feeder cells have important role in the maintenance of Human Embryonic Stem Cells (hESCs)
in undifferentiated state as well as for their propagation. However, use of feeder cells in hESC culture limits their
future therapeutic applications. There have been reports of using conditioned media (CM) derived from mouse or
human feeder cells for the propagation of hESC in feeder free culture. These CM contain certain factors required
for maintaining ESC in undifferentiated and pluripotent state. Recently, TGF-B and IGF-Il have been shown to be
important for the maintenance of hESC.

Feki et. al. reported the establishment of stably Immortalized Human Foreskin Fibroblasts (I-HFF) cells to be used
as feeders for culturing hESC and iPSC. These cell lines have been stably transduced with secreted form of bFGF.
This study aims to (i) quantiate the secretion of TGF- B and IGF-II by I-HFF feeder, (ii) explore the potential of CM
derived from |-HFF feeder to support ES cells in feeder free system, (iii) minimize the dose of an exogenous bFGF
required to sustain hESC in feeder free system.

The secretion of TGF- B and IGF-II from the mitomycin-C treated I-HFF supplemented with various exogenous bFGF
concentration (0, 2, 5 and 10ng/ml) was assessed by ELISA. The KIND -1 hES cell lines were gradually adapted to
grow in feeder free system on geltrex coated culture dishes using CM at varying concentration of exogenous bFGF
supplementation (0,2,5 and 10ng/ml). The KIND-1 cell line cultured in hESC media with 10 ng/ml bFGF was taken
as positive control. The hESC line grown in feeder free culture with CM was assessed on the basis of morphology,
expression of pluripotent makers at 1st, 3rd, 5th and 10th passage by Immunoflorescence and flow cytometry. Any
karyotypic abnormalities were also assessed at 20th passage.

ELISA results confirmed that the level of both TGF- B and IGF-Il secretion was comparable at all bFGF treated group
versus no exogenous bFGF added. The cells cultured in the CM in the feeder free conditions even after 20 pas-
sages, showed typical hESC morphology and expression of pluripotency-related proteins, SSEA-4, TRA-1-60, OCT4,
alkaline phosphatase and normal karyotypes in all groups compared to positive control. Flow cytometric analysis
for TRA1-60 and SSEA-4 surface marker expression shows the increasing trend but the difference was negligible
among different groups. (From 0-, 2, 5,10ng/ml and positive control TRA1-60: 0- 75.6% + 3.86, 2- 76.87% + 5.64,
5- 77.28% + 5.21, 10- 78.1% + 5.83 and 81.6% + 3.53, SSEA-4: 0- 81.47%+4.27, 2- 82.9%+3.86, 5- 82.73%+3.80,
10- 84.07%+5.72 and 82.73%+3.80 respectively). There was no difference in the expression of pluripotency-related
genes (OCT4, SOX-2, c-MYC, KIf-4 and NANOG) in test groups as compared to positive control as reveled by semi
quantitative RT-PCR.



In conclusion, (i) the I-HFF CM secrete TGF- B and IGF-1l without addition of exogenous bFGF, (ii) addition of various
dose of bFGF did not scale up the secretion of TGF- B and IGF-II, suggesting that the endogenous bFGF secretion is
sufficent to maintain auto regulation of TGF- B and IGF-II, (iii) the I-HFF CM is able to support and maintain hESC
propagation and pluripotency without addition of exogenous bFGF. Thus the CM is an alternative to achieve cost
effective and feeder free culture system.

Acknowledgment: We thank Prof. Anis Feki, Geneva University, Switzerland and Dr. Deepa Bhartia, National Institu-
te for Research in Reproductive Health, India for providing I-HFF and KIND-1 hESC lines.
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ACTIVATION OF DNA DAMAGE RESPONSE DOES NOT INDUCE G1/S CHECKPOINT IN MOUSE EMBRYONIC STEM
CELLS

Irina I. Suvorova, Valery A. Pospelov
Laboratory of Molecular Mechanisms of Cell Differentiation, Institute of Cytology, St-Petersburg, Russian Federation

The DNA damage response (DDR) integrates different signaling pathways activated by DNA-damaging agents and
is primarily coordinated by ATM and ATR kinases, initiating a cascade of phosphorylation events, eventually result-
ing in cell cycle checkpoint activation, DNA repair and apoptosis. Mouse embryonic stem cells (mESCs) are char-
acterized by high proliferation activity and do not undergo G1/S checkpoint upon DNA-damage. In this study we
examined the ATM/ATR signaling pathway to analyze DNA repair capacity of mESCs and checked the functionality
of the p53-p21/Wafl pathway that provides G1/S checkpoint in somatic cells.

According to flow cytometry analysis, inhibitors of ATM, ATR, and Chk1 but not Chk2 affect cell cycle both in control
and irradiated (IR) mESCs. ATM+ATR inhibitor caused accumulation of G1-phase cells and decreased the amount of
S phase cells. Treatment of mESCs with ATM/ATR inhibitor enhanced the effect of IR on cell cycle: it further reduced
the number of cells in S phase and caused the accumulation of cells in G2/M. Inhibition of ATM kinase caused a
weaker effect. We next suppressed ATM/ATR targets, Chk1 and Chk2, and found that inhibition of Chk1 in IR-treated
mMESCs caused accumulation of mESCs in G1 phase and decrease of G2 cells.

MTT test revealed the ATM, ATR, Chk1, Chk2 contribution to survival of mESCs after DNA damage. Treatment with
ATM/ATR inhibitor increased cell death in control and irradiated mESCs, whereas ATM inhibitor caused no effect.
Again, inhibition of Chk1 in IR-treated cells caused an effect compared with ATM/ATR inhibitor + IR. Chk2 inhibitor
had no effect on the survival of mESCs.

Immunofluorescent confocal microscopy and western blotting for phospho-ATM (Ser-1981) and phospho-ATR
(ser-428) showed that in mESCs ATM/ATR kinases are phosphorylated and accumulated in the nuclei after DNA
damage. We also showed that irradiated mESCs form H2AX foci that co-localize with 53BP1 protein and Rad51. In
control, non-irradiated mESCs, uninduced yH2AX foci do not contain 53BP1.

By using antibodies against phospho-p53 (Ser-15) and acetyl-p53 (Lys-379), we showed that IR or H»O> induced
the p53 stabilization and its transcriptional activity. However, although p21 mRNA is clearly up-regulated after
DNA damage, p21 protein is not detectable. To investigate the mechanisms of negative regulation of p21, we used
proteasome inhibitors (lactacystin, MG132) and inhibitor of histone-deacetylases sodium butyrate (NaBut). Both
NaBut and proteasome inhibitors cause the accumulation of p21Waf1l implying the regulation of p21Waf1 as at the
level of gene regulation as at the level of protein stability.

The findings suggest that despite the absence of a functional G1 checkpoint caused by dysfunction p53/p21Wafl
pathway in mESC, the ATM/ATR signaling is activated with comcomitant activation of downstream targets that is a
necessary step to initiate the process of DNA repair.
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MOLECULAR MECHANISMS FOR BUFFERING PLURIPOTENCY IN EMBRYONIC STEM CELLS

Dmitri Papatsenkol, lhor R. Lemischkaz, Henia Darr?
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Until recently, knowledge regarding hierarchical organization of pluripotency network in mESC was relatively fuzzy.
Most studies assume the top (or central) position of the Oct4-Sox2-Nanog circuit, while the exact connections
between the factors remain unknown.

Based on the analysis of knock-down studies of the core pluripotency factors (differentiation experiments) we pro-
posed a new view of the network relevant to pluripotency, in which Oct4 occupies the top position in the hierarchy
and Nanog, Esrrb, Sox2 occupy lower level. The hierarchical analysis revealed a new network motif, incoherent
feed-forward loop Oct4-Nanog-Sall4, which appears to play an important role in pluripotency.

Recently published data (Cell. 2012, 150(6):1209-22) suggested presence of regulatory link Sall4 -> Oct4, thus
adding a feedback connection to the identified Oct4-Nanog-Sall4 network motif.

Quantitative exploration of solutions for the identified network connecting the three genes, along with new hier-
archical structure of the pluripotency network suggested a molecular mechanism for safeguarding or buffering of
pluripotency. Available experimental data supports the central position of the Oct4-Nanog-Sall4 in the pluripotency
network and the proposed buffering role of the identified network motif.
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HETEROGENEOUS NUCLEAR RIBONUCLEOPROTEIN A2/B1 REGULATES THE SELF-RENEWAL AND PLURIPOTENCY
OF HUMAN EMBRYONIC STEM CELLS VIA THE CONTROL OF THE G1/S TRANSITION
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Self-renewal and pluripotency of human embryonic stem

cells (hESCs) are a complex biological process for maintaining hESC stemness.
However, the molecular mechanisms underlying these special properties of hESCs
are not fully understood. Heterogeneous nuclear ribonucleoprotein A2/B1 (hnRNP
A2/B1) is a multifunctional RNA-binding protein whose expression is related to cell proliferation and carcinogenesis.
In this

study, we found that hnRNP A2/B1 expression was localized to undifferentiated
hESCs, and decreased upon differentiation of hESCs. hnRNP A2/B1 knockdown
reduced the number of alkaline phosphatase-positive colonies in hESCs and led

to a decrease in the expression of pluripotency-associated transcription

factors OCT4, NANOG and SOX2, indicating that hnRNP A2/B1 is essential for hESC
self-renewal and pluripotency. hnRNP A2/B1 knockdown increased the expression
of gene markers associated with the early development of three germ layers, and
promoted the process of epithelial-mesenchymal transition, suggesting that
hnRNP A2/B1 is required for maintaining the undifferentiated and epithelial
phenotypes of hESCs. hnRNP A2/B1 knockdown inhibited hESC proliferation and
induced cell cycle arrest in the GO/G1 phase before differentiation via

degradation of cyclin D1, cyclin E, and Cdc25A. hnRNP A2/B1 knockdown increased
p27 expression and induced phosphorylation of p53 and Chk1, suggesting that
hnRNP A2/B1 also regulates the G1/S transition of hESC cell cycle through the
control of p27 expression and p53 and Chk1 activity. Analysis of signaling
molecules further revealed that hnRNP A2/B1 regulated hESC proliferation in a
PI3K/Akt-dependent manner. These

findings provide for the first time mechanistic insights into how hnRNP A2/B1
regulates hESC self-renewal and pluripotency.
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TCF-3 AND JNK IN THE GLUCOSE MEDIATED CONTROL OF PLURIPOTENCY AND DIFFERENTIATION IN MURINE ESCS

Darcie L. McClelland Descalzol, Tiffany Satoorianl, Devon D. Ehnes—Zepedal, Roger J. Davisz, Bradley J. Merrillg,
Nicole I. zur Nieden?
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Molecular Medicine, University of Massachusetts Medical School, Worcester, MA, United States, 3Biochemistry and
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Current studies estimate that 10-18% of women of reproductive age have diabetes or a related disorder. This is
alarming considering that 7-13% of diabetic mothers give birth to a child with a major structural birth defect.
Though recent advances in insulin therapy have significantly curtailed miscarriages due to hyperglycemia during
pregnancy, glucose induced defects suffered by the fetus during the pre-implantation stage of development still
pose a huge problem to modern medicine. While scientists have isolated the elevated maternal blood glucose
levels as the primary cause of fetal malformations, the mechanisms by which glucose stress induces birth defects
still remain to be elucidated.

Our lab utilizes mouse embryonic stem cells as a model for pre-implantation embryos. By exposing cells to different
glucose concentrations and tracking changes in characteristics related to the pluripotent state, we aim to gain in-
sights into what may be happening to human embryos when the basic plan for life is laid out. In addition, we exam-
ine the role of B-catenin (CatnB) to determine how its levels and localization adapt to fluctuations in glucose levels.
Recently, we have been examining the contributions of TCF-1, TCF-3, and JNK to CatnB transcriptional activity and
thus embryo development in different glucose concentrations. When wildtype cells are exposed to hyperglycem-
ic conditions, they lose the ability to remain pluripotent. In addition, cells increase nuclear TCF-3 protein and de-
crease nuclear TCF-1 protein. Because TCF-3 has previously been shown to inhibit pluripotency factors and is in-
creased in response to glucose, we hypothesized that it may contribute to the phenotypic changes associated with
hyperglycemia.

Cells with a genetic deletion of TCF-3 maintain pluripotency and show increased mRNA levels of Oct-4 and Nanog in
all glucose concentrations when compared to wildtype cells. From this data, we determined that TCF-3 may affect
the switch from pluripotency to differentiation in hyperglycemia. In addition, we performed sequential Chromatin
Immunoprecipitation and found that the amount of TCF-3 bound to the promoters of Oct4 and Nanog is increased
upon glucose challenge while the amount of TCF-1/CatnB bound to these promoters is simultaneously decreased.
This data suggests that TCF-1/CatnB and TCF-3 may compete for binding on target gene promoters and that glucose
may impact the ratio of binding, ultimately influencing the pluripotency state of the cells.

Upstream, TCF-3 nuclear shuttling may be regulated by c-jun NH(2)-terminal kinase (JNK). Thus, JNK may indirectly
contribute to the phenotypic switch to differentiation through increasing nuclear TCF-3. Indeed, JNK activation in-
creases with glucose levels and this correlates with an increase in nuclear TCF-3 protein. When cells were treated
with a JNK inhibitor, protein levels of TCF3 were decreased and levels of Nanog, which is known to be inhibited
by TCF-3, were increased. Currently, we are examining stem cell fate in cells with a genetic deletion of JNK to de-
termine whether its absence will deplete nuclear TCF-3 and lead to increased pluripotency. Taken together, these
results will bring us closer to understanding the mechanisms behind phenotypic changes in unspecified cells in the
early embryo. Once we can fully elucidate this mechanism, it will provide valuable knowledge for future studies on
preventing birth defects in children born to diabetic mothers.
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DOWNREGULATION OF OCT-4 INHIBITS PROLIFERATION OF ES CELLS BY INDUCING G1 CELL CYCLE ARREST

Jungwoon Lee, Inyoung Kang, Jungho Kim
Sogang Univ, Seoul, Korea, Republic of

Mouse and human embryonic stem (ES) cells display unusual proliferative properties and can produce pluripotent stem cells
indefinitely. Both processes might be important for maintaining the stemness of ES cells; however, little is known about how
the cell cycle fate is regulated in ES cells. Oct-4, a master switch of pluripotency, plays an important role in maintaining the
pluripotent state of embryonic stem cells and may prevent the expression of genes activated during differentiation. Using
ZHBTc4 ES cells, we have investigated the effect of Oct-4 on ES cell cycle control, and we found that Oct-4 down-regulation in
ES cells inhibits proliferation by blocking cell-cycle progression in GO/G1. Deletion analysis of the functional domains of Oct-4
indicates that the overall integrity of the Oct-4 functional domains is important for the stimulation of S-phase entry. We also
show here that the p21 gene is a target for Oct-4 repression. Furthermore, p21 protein levels were repressed by Oct-4 and
were induced by the down-regulation of Oct-4 in ZHBTc4 ES cells. Therefore, the down-regulation of p21 by Oct-4 may con-
tribute to the maintenance of ES cell proliferation.
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CONVERSION OF THE PLURIPOTENT STATE IN NON-HUMAN PRIMATE ES CELLS
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Although both primate and mouse embryonic stem (ES) cells are pluripotent stem cell lines derived from inner cell mass (ICM)
of blastocyst stage embryos, they show distinct characteristics. Currently, primate ES cells have been considered as coun-
terpart of mouse epiblast stem cells (EpiSCs) because of their close resemblance. The pluripotent state of mouse EpiSCs is
termed primed state to distinguish from naive state pluripotency of mouse ES cells. Primate ES cells have been regarded as
primed state pluripotent stem cells and the naive state pluripotent stem cells in primate has not been established so far. Using
ES cells of common marmoset, a small non-human primate, we have carried out the conversion from primed state to naive
state pluripotency.

Doxycycline-inducible (DOX-inducible) reprogramming factors transgenes were introduced into common marmoset ES cells
by piggyBac transposon transgenesis, and the cells were cultured in a medium containing LIF, Dox and cocktail of small mo-
lecules. Resulting cells formed mouse ES cell-like dome-shaped colonies and maintained expression of pluripotency markers.
Furthermore, these cells showed similar gene expression pattern to mouse ES cells and ICM cells of marmoset blastocyst.
These phenotypes were lost by addition of JAK inhibitor to culture, suggesting maintenance of this pluripotent state require
LIF/STAT3 signal.

These properties of the common marmoset ES cells closely resembled to mouse ES cell, suggesting that the cells acquired
naive state pluripotency. To further confirm naive pluripotency of the cells, we are currently carrying out chimera formation
assay.
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HESC EXPANSION AND STEMNESS ARE INDEPENDENT OF GJIC THROUGH CX43 BETWEEN HESC AND FEEDER CELLS

Jin-Su Kiml, Seung-Twang Hwangl, Daekee Kwonl, Dong-Ryul Leel, Won Kimz, Myung-Kwan Hanz, Soo-Hong Leel
1CHA Univ, Seoul, Korea, Republic of, 2Chonbuk National Univ, Gyeonggi-do, Korea, Republic of

Human embryonic stem cells (hESCs) are a promising and powerful source of cells for applications in regenerative medicine,
tissue engineering, cell-based therapies, and drug discovery. Many researchers have employed conventional culture tech-
niques using feeder cells to expand hESCs in significant numbers, although feeder-free culture techniques have recently been
developed. In regard to stem cell expansion, gap junctional intercellular communication (GJIC) is thought to play an important
role in hESC survival and differentiation. Indeed, it has been reported that hESC-hESC communication through connexin 43
(Cx43, one of the major gap junctional proteins) is crucial for the maintenance of hESC stemness during expansion. However,
the role of GJIC between hESCs and feeder cells is unclear and has not yet been reported. This study therefore examined



whether a direct Cx43-mediated interaction between hESCs and human adipose-derived stem cells (hASCs) influ-
ences the maintenance of hESC stemness. Over 10 passages, hESCs cultured on a layer of Cx43-downregulated
hASC feeder cells showed normal morphology, proliferation (colony growth), and stemness, as assessed by alkaline
phosphatase (AP), Oct4, Sox2, and Nanog expression. These results demonstrate that Cx43-mediated GJIC between
hESCs and hASC feeder cells is not an important factor for the conservation of hESC stemness and expansion.
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A SERUM-FREE AND FEEDER-FREE DEFINED MEDIUM THAT ENABLES WEEKEND-FREE CULTURE OF
UNDIFFERENTIATED HUMAN PLURIPOTENT STEM CELLS
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Current media formulations used to culture undifferentiated pluripotent human ES and induced pluripotent stem
(iPS) cells require media replenishment every day and at least 1 media exchange on the weekend. The costs in
media reagents and human resources become prohibitively expensive as increasing numbers of core labs and con-
sortiums are focused on generating diseased human iPS cell models. We have identified 11 essential components
in a serum-free and feeder-free medium that enables weekend-free culture of undifferentiated human pluripotent
stem cells and allows for media exchanges every other day without compromising the morphology or long term
functionality of pluripotent stem cells. These 11 components include HSA, lowered FGF (10% of E8), TGFb1 (25% of
E8) and Activin A concentrations and small molecule inhibitors to suppress spontaneous differentiation.

For the study, H9 human ES cells and 2 different clones of transgene-free human iPSCs were used. Transgene-free
human iPSCs were generated by a Cre-excisable polycistronic lentiviral vector expressing the “stem cell cassette”
(STEMCCA) comprised of all four transcription factors (OKSM) followed by exposure of the full reprogrammed iPSC
to cell permeable TAT-Cre recombinant protein. All three pluripotent cell lines whether originally cultured in feeder-
based or feeder-free cultures could be easily and directly adapted to the 11-component medium without notice-
able differences in cell vitality and cell health. Pluripotent cells maintained in the 11 component medium (>20 pas-
sages) expressed high levels (>90%) of pluripotency markers including SSEA4, OCT4, TRA-1-60 and TRA-1-81; pos-
sessed normal karyotype; and were capable of differentiating into derivatives of all three germ layers in vitro and
in vivo.

Remarkably, H9 cells remained undifferentiated and exhibited minimal signs of spontaneous differentiation and
could furthermore be serially passaged with a minimal 1 day per week media exchange. While a 25-33% reduction
in the number of attached colonies was observed, the colonies remained undifferentiated and proliferated at a sim-
ilar apparent rate (i.e. 5-6 days between passages) to controlled cultures of regular media exchanges. These unex-
pected results led us to determine the long-term effects of a more moderate feeding regiment of every other day
combined with an absence of weekend media replacement. Pluripotent cells maintained in this moderate feeding
regiment exhibited high cell health with minimal spontaneous differentiation; expressed high levels of pluripotency
markers and possessed a normal karyotype. Current efforts are aimed at identifying the critical component(s) that
confer this advantage and whether nutrient-sensitive signaling pathways that regulate energy metabolism may be
involved.
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THE RABBIT PRE IMPLANTATION EMBRYO AS A PARADIGM TO EXPLORE NAIVE EMBRYONIC STEM CELL
DERIVATION IN NON RODENT SPECIES
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The scarcity of pre-implantation embryos in human is a major limitation to the improvement of embryonic stem
cell (ESC) derivation in non-rodent species. Rabbit is a good alternative as it can produce up to 30 embryos per
super-ovulated females. Moreover, all rabbit ESC line produced so far showed the characteristics of primed pluri-
potency like human ESCs. In this work, we investigated the conditions suitable for the generation of naive ESCs in
rabbits. A first experiment aimed to study the effect of the pharmacological inhibitor of MEK signaling, PD0325901,
on embryo development and ESC line derivation. We collected 576 eight-cell stage embryos, of which 317 were
cultured in the presence of MEK inhibitor until they reached the early blastocyst stage. No difference in the rate
and quality of embryo development between MEK inhibitor-treated and control embryos was observed. ICMs were
isolated by immunosurgery and plated onto gelatin- or fibronectin-coated dishes in various media (DMEM/F12 +
20% KOSR, N2B27) supplemented with GSK3 inhibitor (CHIR99021), MEK inhibitor, and LIF (2i/LIF), or not. 80% of
the ICMs plated, but none could be expanded beyond passage 2. We concluded that inhibition of MEK signaling
fails to prevent spontaneous differentiation of pluripotent stem cells in rabbit. A second experiment aimed to study
the effect of LIF on ESC line derivation. We collected 262 ICMs, which were plated onto growth-inactivated mouse
embryonic fibroblasts in DMEM/F12 supplemented with 20% KOSR (72), 20% KOSR + LIF (90), or 10% KOSR + 10%
FCS + LIF (80). No outgrowth cultured in media lacking LIF could be expanded beyond passage 4. By contrast, 7 ESC
lines were derived from outgrowths cultured and expanded in the presence of LIF, 2 in 20% KOSR + LIF, and 5 in
10% KOSR + 10% FCS + LIF. Two lines, designated rbES-LIF1 and rbES-LIF2, were expanded by gentle dissociation
with collagenase until passage 40, and showed a normal karyotype. RbES-LIF1 and rbES-LIF2 displayed the cardinal
features of pluripotent stem cells, i.e. expression of pluripotency markers, differentiation into derivatives of the 3
germ layers, and teratoma formation. However, they could not be cultured onto gelatin-coated dishes, they did not
express markers associated with naive pluripotency in rodents, and they did not survive in 2i/LIF medium. We con-
cluded that LIF facilitates the derivation of ESCs but does not support naive pluripotency in rabbits. When rbES-LIF1
and rbES-LIF2 cells were propagated for 20 passages in 10% KOSR + 10% FCS + LIF, and were enzymatically dissoci-
ated with Accutase into single cell suspensions, they acquired chromosomal abnormalities (43XX; 45XY). The same
observation was made with the 5 freshly derived ESC lines in 10% KOSR + 10% FCS + LIF with Accutase, of which
3 displayed abnormal chromosome numbers. We concluded that LIF-dependent rabbit ESCs cannot be propagated
under stringent conditions without frequent chromosomal rearrangement-based adaptation.
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INCREASED DLK-1 EXPRESSION IN HUMAN EMBRYONIC STEM CELLS, HAS A PUTATIVE ROLE IN THE
MAINTAINANCE OF PLURIPOTENCY.

David J. Harley, Dylan Stavish, Paul J. Gokhale, Peter W. Andrews
Department of Biomedical Science, University of Sheffield, Sheffield, United Kingdom

Delta-like homolog 1 (DLK-1) is a trans-membrane domain cell signalling protein that interacts with NOTCH. It is
known to be up-regulated when comparing normal and culture adapted human embryonic stem (hES) cells. Culture
adapted hES cells exhibit an increased capacity to self renew, and by profiling normal and adapted against one an-
other we have highlighted genes important for hES maintenance. DLK-1 has been indicated in many tissue specific
areas and associated cancerous phenotypes but the mechanisms by which signalling occurs is not fully character-
ised. Moreover it appears that DLK-1 can act in an equivalent manner to NOTCH and its counterparts, via cell-cell
interactions, peptide cleaving micro-environmental effects and as a receptor itself, with each of these designating
a specific downstream effect. NOTCH signalling is known to regulate the hierarchical differentiation in many cell
populations within the adult and is essential for normal development.

Utilizing normal and adapted hES cells and their malignant counterparts, human embryonal carcinoma (hEC) cells,
we investigated the role of DLK-1 in the adaptation of hES cells and its links with other pathways at the gene ex-
pression and proteomic level. This has highlighted a correlation between the ability of cells to self renew and an
increase in DLK-1 expression. Furthermore, markers associated with pluripotency, differentiation and more specific-
ally those involved in the NOTCH signalling pathway have also been identified. In addition we have explored the
effects of DLK-1 signalling in the hES micro-environment and the mechanisms by which it increases the self-renewal
and pluripotency of hES lines.



Knockdown of DLK-1 in the adapted hES cells triggers the onset of differentiation at an earlier stage in colony devel-
opment, measured by the down regulation of pluripotency markers OCT-4, NANOG and SSEA3. NOTCH1 signalling
is elevated on induction of the knockdown of DLK-1 and has been shown to induce the differentiation of hES cells
leading to a reduction in self renewal and upregulation of markers of differentiation. Conversely hES cells over-ex-
pressing DLK-1 exhibit an increase in proliferation.
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SELF ASSEMBLING SCAFFOLD SUPPORTS PLURIPOTENT GROWTH OF EMBRYONIC STEM CELLS

Christina McKee, Ferman Chavez, Rasul Chaudhry
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Embryonic stem cells (ESCs) have unlimited self-renewal and differentiation potential. In vitro culturing of ESCs is
laborious, technically challenging, and often leads to the loss of cell lines due to differentiation. To address these
problems, considerable attention has been focused on devising culture conditions that mimics in vivo stem cell mi-
croenvironments. We hypothesized that three dimensional (3D) culture conditions may be better than routinely
used 2D cultures for the maintenance and expansion of ESCs. The objective of this study was to test biodegradable
nanomaterials to produce a 3D culture matrix capable of long-term propagation of pluripotent ESCs. To achieve 3D
culture conditions, self-assembling scaffolds were developed by mixing thiol-functionalized dextran (Dex-SH) and
poly (ethylene glycol) tetra-acrylate (PEG-4-Acr) via Michael addition reaction. Testing of various parameters in-
cluding the components of scaffold and encapsulation of ESCs led to the development of 3D culture conditions that
promoted the self-renewal and pluripotent growth of ESCs for an extended period of time. The scaffold grown cells
exhibited typical morphological and biochemical characteristics similar to ESCs grown in 2D culture. Quantitative
RT-PCR analysis showed that 3D cultured ESCs expressed a pluripotent gene, KIf4 at a level comparable to the cells
grown in traditional 2D culture. Interestingly however, two prominent pluripotent genes, Oct-4 and Nanog, were
expressed up to 3 fold higher levels and remained high until the scaffolds started to degrade after 10 to 40 days. 3D
scaffold grown ESCs maintained their pluripotency as they readily differentiated into adipogenic, myogenic, neural,
osteogenic and chondrogenic cell lineages even after prolonged 3D culture. Overall, the self-assembling scaffold
provided the necessary support and maintained undifferentiated growth of ESCs for several weeks without passa-
ging. Our findings provide a reliable, reproducible, cost effective, and robust culturing system that should lead to
increased applications of ESCs for understanding basic development and differentiation mechanisms, tissue engin-
eering and cell therapy.
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HUMAN TUBE MESENCHYMAL STROMAL CELLS AS FEEDER-LAYERS FOR HUMAN EMBRYONIC STEM CELLS
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Cultivation of Human Embryonic Stem Cells (heSCs) requires feeder-layers or conditioned culture media. One of the
main problems to circumvent aiming the potential therapeutic use of heSCs is animal contaminants in the culture
media or the co-cultivation with animal cells. Among the various possible available feeder-layers, the Murine Em-
bryonic Fibroblast (MEF) is still the most used, followed by fibroblasts from human skin. Aiming to test a xenofree
heSCs culture method and trying to mimic the human embryo environment we have evaluated whether human
tube Mesenchymal Stromal Cells (htMSCs), which are closely associated to the human embryo in early stage of de-
velopment, provide a better support for heSCs growth, when compared to MEF and fibroblasts from human skin.
For this study, three htMSCs lineages, which were characterized by cytometry and their differentiation potential in
vitro were evaluated. Afterwards, the three htMSC lineages were used as feeder-layers for heSCs (kindly donated



by Douglas Melton) culture. As control feeder-layers, MEF and fibroblasts from human skin were used in the course
of each experiment and all the experiments were performed in six well culture dishes.

Twenty four hours after the culture establishment (feeder-layers with heSCs), culture media was collected from
each dish well and the expression of b-FGF (basic-Fibroblast Growth Factor) and TGF-B (Transforming Growth Fact-
or) was analyzed by ELISA. Expression of signaling molecules WNT2, WNT4 and WNT8b in the heSCs cultures
was analyzed by Western blot, and the expression of specific embryonic markers (Oct-4, Nanog, SSEA-3, SSEA-4,
TRA-1-60, TRA-1-81 and KLF4) was confirmed by immunofluorescence and RT-PCR. Compared with MEF, htMSC
feeder-layers cultures produced more heSCs colonies as well as a larger number of heSC per colony. Compared
with human skin fibroblasts, htMSC feeder-layers produced heSCs colonies with more homogenous morphology
(more undifferentiated colonies) and with a larger diameter, although the number of heSCs per colony was similar.
The amount of b-FGF secreted by htMSCS was higher than the b-FGF released by the MEF twenty four hour after
the heSCs culture establishment but the TGF- 3 secreted by htMSCs and MEF were similar. All the heSCs grown on
htMSCs expressed WNT2, WNT4, WNT8b and all the specific embryonic markers tested, as expected. Thus, these
results show that the use of htMSCs as feeder-layer represent an efficient xenofree method for heSCs cultivation.
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COMBINATORIAL SCREENING OF GELATIN NANOFIBERS AS CELLULAR SCAFFOLDS TO EXPAND HPSCS FOR LONG-
TERM PERIOD

Li Liu, Ken-ichiro Kamei, Yong Chen
iCeMS, Kyoto University, Kyoto, Japan

Human pluripotent stem cells (hPSCs), such as embryonic and induced pluripotent stem cells (hESCs and hiPSCs),
hold a promise for applications in cell-based therapy, tissue engineering, drug screening/discovery and regenerat-
ive medicine, since hPSCs have their unique characteristics, such as unlimited self-renewal capability under proper
conditions and differentiation capability into any kind of cells in a human body. Recently, there are some efforts
to develop new hPSC culture substrates, such as recombinant proteins, synthetic polymers and synthetic peptides,
however, they require huge cost and labor intensiveness for preparation. Thus, it necessitates establishing the new
substrates for hPSC expansion for long-term periods in a robust fashion.

Recently, nanofiber technology has attracted many researchers due to its application in fundamental cell biology as
well as tissue engineering. In comparison with a conventional flat substrate, a nanofiberous substrate allows con-
trolling the bulk-porosity, the surface texture and the three-dimensional (3D) surface topology for cell adhesion at
a nanometer scale, altering focal-adhesion signaling cascades and consequently, the stem cell fate decision. During
the past three years, we have successfully developed a nanofibres substrate as cellular scaffolds for expansion of
mouse embryonic stem cells.

Here, we developed a new technology of gelatin electrospun nanofibers as a cellular scaffold for hPSCs long-term
culture. We established a combinatorial library to vary density, crosslink conditions and gelatin molecular weight
to screen the optimal conditions of fabricating nanofibers. Our results show that standardized gelatin nanofibers
could support self-renewal for over 20 passages. However, hPSC couldn’t passage on a gelatin-coated and crosslink
treated flat substrate. In addition, we evaluated the pluripotent status of hPSCs cultured on gelatin nanofibers by
immunocytochemistry, flow cytometry, RT-PCR, embryoid and teratoma formation and fluorescent in situ hybrid-
ization assay. According to such multiple angles of evaluation, we concluded that the gelatin nanofibers were able
to serve as a cellular scaffold for expanding hPSCs while maintaining their pluripotent status and normal karyotype
even after long-term culture. Finally, in order to understand how extrinsic 3D topological nanofibres influenced in-
trinsic cues during hPSC self-renewal, gPCR was carried out for all members of the integrin family. We found that
gelatin flat-coated substrate and gelatin-nanofiber substrate were differed in the expression levels in some integrin
members.

In the future, our goal is to develop a three-dimensional architecture of a cellular scaffold for cell transplantation
therapies.
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CO-REGULATION OF PLURIPOTENCY AND ENHANCED GENETIC INTEGRITY AT THE GENOMIC LEVEL
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Pluripotent stem cells, including embryonic stem cells (ESCs) and induced pluripotent stem cells (iPSCs), have been
reported to carry fewer genetic abnormalities than differentiated cells. Cells often deal with gross genetic aber-
rations such as polyploidy or aneuploidy retrospectively by programmed cell death, but for point mutations pro-
spective avoidance must be achieved by DNA repair mechanisms. To characterize the mechanisms involved in the
maintenance of enhanced genetic integrity in pluripotent stem cells, we have mined 18 previously published tran-
scriptome and 5 cistrome databases describing gene expression and transcription factor binding in mouse and hu-
man ESCs, iPSCs and differentiated cells (fibroblasts). We observed significant up-regulation of DNA repair genes
in both human and mouse ESCs and iPSCs relative to differentiated fibroblasts with very similar patterns of DNA
repair gene expression in ESCs and iPSCs within each species based on expression data that was common to at
least 50% of databases examined for each cell type. Functional analysis of these differentially expressed DNA re-
pair genes by Ingenuity Pathway Analysis (IPA) revealed that mismatch repair and double-strand break repair by
homologous recombination are the two most up-regulated repair pathways in pluripotent cells. Human and mouse
pluripotent cells also showed significant differential expression of cell death genes compared to fibroblasts, but in
contrast to DNA repair gene expression patterns, this included similar numbers of up- and down-regulated genes in
the pluripotent cell types. However, upon further analysis of the cell death genes differentially expressed in pluri-
potent cells using IPA, we found that genes specifically involved in intrinsically regulated pro-apoptotic activity are
primarily up-regulated, and those involved in extrinsically regulated pro-apoptotic activity plus those involved in
anti-apoptotic activity are down-regulated in pluripotent cells. Thus, we confirmed differential expression of genes
consistent with the maintenance of enhanced genetic integrity in pluripotent cells.

We next examined the mechanistic relationship between pluripotency and enhanced maintenance of genetic in-
tegrity at the genomic level by mining published cistrome data bases describing binding of the pluripotency factors
OCT-4, SOX-2 and NANOG to target genes in pluripotent cells. We found evidence for direct binding (‘first-degree in-
teractions’) of pluripotency factors to several of the genetic integrity (DNA repair and cell death) genes that are dif-
ferentially expressed in pluripotent cells. In addition, we found evidence of indirect (‘second-degree’) interactions
between pluripotency factors and genetic integrity genes mediated by binding of pluripotency factors to genes en-
coding transcription f