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Eye or Retinal Cells

Poster Board Number: T-1001

CELL SURFACE MARKERS OF HUMAN RETINAL
PROGENITOR CELLS

Baranov, Petr', Melo, Gustavo', Stevanato, Lara?, Patel, Sara?,
Sinden, John? Young, Michael'

'Schepens Eye Research Institute, Boston, MA, USA, ReNeuron, Guildford,
United Kingdom

Purpose: Retinal degenerative disorders remain the leading cause
for vision loss in developed countries. Since the regenerative capac-
ity of human neural retina is highly limited, one viable treatment
option is cellular replacement. Retinal progenitor cells (RPC), isolat-
ed from the fetal retina, have been shown to form new functioning
photoreceptors and restore retinal function following transplanta-
tion into retinal degenerative hosts. However, compared to mouse
RPC, not much is known about the hRPC phenotype. The aim of this
study was to comprehensively describe the phenotype of GMP-
manufactured hRPCs as a drug product for retinal degenerative
disorders. Methods: hRPC were isolated from human neural retina
at 18 week of gestational age and expanded under low-oxygen
(3%) conditions up to passage 9. Karyotype analysis, immunocyto-
chemistry and flow cytometry analysis for stemness, eye field, neu-
ronal, proliferation and retinal cell markers were performed. Also,
functional properties were investigated using calcium imaging and
differentiation assay. Results: hRPC at passage 9 were found to have
no chromosome abnormalities, and responded to L-glutamate, L-
citrate and NMDA-Glycine. Immunostaining found the presence of
Sox2, KIf4, Recoverin, Otx2, Pax6, Ki67, PCNA, CyclinD1, b3 tubulin,
NF200, Nestin, Vimentin, SSEA4, CD24, Crx, Nrl, CD73, PSA-NCAM,
PTK7.We were unable to detect significant expression of mature
photoreceptor markers such as Rhodopsin, Opsin Red/Green,
Nr2e3, or Rod Outer Membrane. Also, we found hRPC to be nega-
tive for markers specific for neural stem cells (CD133, CD15), retinal
pigment epithelia (RPE65), and glial progenitors (A2B5, CD38).
However, upon differentiation in vitro we observed more than 50%
of cells to express mature photoreceptor markers (Rhodopsin,
Opsin Blue, Opsin Red/Green).Conclusions: The phenotype of hRPC
may be used to compare different cell products to be prepared for
transplantation. The presence of CD24 and CD73, found on mouse
photoreceptor precursors, suggest the potential of this population
to form rods and cones and PSA-NCAM expression is characteristic
of cells able to integrate into host retina.

Poster Board Number: T-1002

HUMAN PLURIPOTENT STEM CELL DERIVED
RETINAL PIGMENT EPITHELIUM CULTURE ON
TRANSPLANTABLE BIOMEMRANE

Hiidenmaa, Hanna', Subrizi, Astrid? limarinen, Tanja’, Yliperttula,
Marjo?, Uusitalo, Hannu#, Urtti, Arto? Skottman, Heli'

'BioMediTech, University of Tampere, Tampere, Finland, ?Centre for Drug
Research, University of Helsinki, Helsinki, Finland, *Division of Biopharmaceutics
and Pharmacokinetics, University of Helsinki, Helsinki, Finland, “Department of
Eye, Ear, and Oral Diseases, University of Tampere, Tampere, Finland

Human embryonic stem cells (hESCs) are differentiated toward
retinal pigment epithelium (RPE) in several laboratories aiming

to treat degenerative diseases of the retina, and create an in vitro
model of the human retina. Injected hESC-RPE cells have been
shown to improve visual functions. However, in most of the studies
hESC-RPE cell integration has been unsatisfactory and the cells
have vanished in a few months after the injections. One reason

for poor RPE survival could be aged or diseased basal lamina, the

Bruch’s membrane. Here we report successful hESC-RPE growth on
transplantable biomembrane, which could be used to enhance RPE
integration and survival in the host tissue. We studied the growth
and maturation of hESC-RPE on porous biomembrane fabricated
from clinically accepted polyimide (PI). In addition, we studied the
role of several extracellular matrix proteins and protein mixtures

in supporting hESC-RPE attachment, growth, and maturation.
Spontaneously differentiated pigmented cells were seeded on Pl
membranes with different coatings. The cell growth and pigmenta-
tion was analyzed weekly under microscope. After eight to twelve
weeks of culture, the expression of RPE specific genes and proteins
was analyzed. The tightness of the epithelium was evaluated by
measuring transepithelial electrical resistance (TEER) and cell
permeability of 6-carboxyfluorescein. Co-culture with rat retina
explants was used to test the functionality of hESC-RPE. Pl biomem-
brane alone without coating did not support hESC-RPE attachment
or growth. Nonetheless, over half of the tested coatings improved
cell attachment and RPE maturation. hESC-RPE cells were positive
for common characteristics of native RPE cells, such as cuboidal
morphology, pigmentation, gene and protein expression, and
polarization. hESC-RPE cultured on coated Pl membranes formed
tight epithelium based on protein expression, TEER and permeabil-
ity values. In addition, hESC-RPE showed functionality by phagocy-
tosing photopigments of the rat retina. This study shows that ECM
component coated Pl membrane supports hESC-RPE culture and
maturation and would be a potential scaffold for further hESC-RPE
transplantation studies.

Poster Board Number: T-1003

DOWNREGULATION OF CANONICAL WNT
SIGNALLING IN ADULT HUMAN MULLER STEM
CELLS LEADS TO EXPRESSION OF RGC MARKERS
IN VITRO

Becker, Silke, Guo, Christina, Wong, Aaron J., Eastlake, Karen,
Jayaram, Hari, Limb, G Astrid

Ocular Biology & Therapeutics, UCL Institute of Ophthalmology and Moorfields
Eye Hospital, London, United Kingdom

Background: Miiller glia cells with stem cell characteristics have
been shown to differentiate into various types of retinal neurons

in the lower vertebrate retina. Although these cells have been
identified in the adult human retina, they are unable to repair
retinal damage in situ. However, human Miiller stem cells (MSC)
have been shown to differentiate towards retinal neural pheno-
types including retinal ganglion cells and photoreceptor precursors
in vitro. Regulation of the Wnt signalling pathway has previously
been shown to be critical for maintaining retinal stem cells as well
as facilitating their proliferation and differentiation into retinal
neurons during embryonic development. The role of Wnt signalling
in human MSC for the maintenance of a stem cell phenotype and
for their differentiation into retinal neurons is currently unknown.
The present study aimed to determine the function of the canoni-
cal Wnt signalling pathway in human MSC and the effects of Wnt
inhibition on the development of differentiation protocols towards
retinal neural phenotypes. Methods: Expression of genes and pro-
teins of the canonical Wnt signalling pathway was examined using
RT-PCR, western blotting and immunohistochemistry. Downregula-
tion of Wnt proteins was performed in cells cultured for 7 days in
the presence of Dickkopf-1 (Dkk-1), an inhibitor of the canonical
Wnt pathway. For RT-PCR experiments total RNA was extracted,
reverse transcribed and PCR was performed. PCR products were
analysed by gel electrophoresis and quantified by densitometry.
For western blotting experiments total protein was extracted, run
on SDS-PAGE and protein expression was detected with specific
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primary antibodies. Cells treated or untreated with Dkk-1 were
examined for their expression of markers of retinal ganglion cells,
Wnt 2B and 3-catenin using immunohistochemistry and confocal
microscopy.Results: Various components of the Wnt pathway, such
as Wnt5B, FZD1, FZD4, FZD7, 3-catenin and LEF1 were shown to be
expressed by MSC. Conversely mRNA for Wnt3a and FZD5 was not
detected. High levels of 3-catenin were localized in the nuclei and
cytoplasm of most cells examined. Downregulation of the canoni-
cal Wnt pathway using Dkk-1, greatly attenuated the expression

of B-catenin and Wnt2B. Treatment with Dkk-1 also resulted in a
marked reduction in proliferating cells as determined by positive
staining for the proliferative marker Ki-67. Importantly, the expres-
sion of proteins typically expressed in retinal ganglion cells was
augmented in MSC treated with Dkk-1, as shown by RT-PCR and
western blotting. In particular, the ganglion cell markers Isl-1, HUD
and Brn3b were significantly increased in MSC following inhibition
of the Wnt pathway. Conclusions: The study showed that various
components of the Wnt pathway are expressed in human MSC and
suggests that constitutive activity of the canonical Wnt pathway
may promote the proliferation of undifferentiated Miiller stem cells.
Conversely, inhibition of the canonical Wnt pathway attenuated cell
proliferation and induced differentiation of Miiller glia cells towards
retinal neuronal phenotype as judged by their increased expres-
sion of retinal ganglion cell markers. Inhibition of the canonical Wnt
pathway in human Midiller stem cells may prove to be an important
tool for the development of cell populations enriched in retinal
neurons and may be valuable for the development of retinal cell
transplantation strategies in the treatment of retinal degenerative
diseases.

Poster Board Number: T-1004

NEUROPROTECTIVE EFFECTS OF HUMAN
NEURONAL PROGENITOR CELLS EXPRESSING
IGF-1 AND IGFBPL-1 ON MODELS OF RETINAL
GANGLION CELL LOSS

Ma, Jie', Guo, Chenying', Chen, Dong Feng', Chen, Guochun? Cyr,
Desirée’, Lashkari, Kameran'

'Schepens Eye Research Institute, Boston, MA, USA, “The Second Xiangya
Hospital, Central South University, Changsha, China

We have recently reported that neural progenitor cells isolate from
human persistent fetal vasculature (NPPFV) can differentiate into
retinal neurons and specifically, retinal ganglion-like cells (RGC)
after transplantation into the mouse vitreous.1 Immunostain-

ing indicated that the NPPFV cells penetrated the inner retina

and integrated with the host inner nerve (plexiform) fiber layer.
NPPFVs were also transplanted into a mouse model of pigmentary
glaucoma (DBA/2J), in which there is progressive and complete
loss of host RGCs. Interestingly, host RGCs that were in apposition
to NPPFVs survived this harsh ocular hypertensive environment
while other RGCs underwent apoptosis. Based on these and other
in vitro observations we hypothesized that NPPFVs confer a relative
degree of neuroprotection to host RGCs through secretion of a
known neuroprotective factor, insulin-like growth factor-1 (IGF-1)
and its binding protein, IGFBPL-1. It has been shown that both fac-
tors can significantly enhance axon growth of RGCs and enhance
their survival in vitro. To enhance the neuroprotective effects of
NPPFVs we questioned whether increased production and secre-
tion of IGF-1 and IGFBPL-1 could confer more global neuroprotec-
tion against stress-induced RGC loss. IGF-1 and IGFBPL-1 cDNAs
were cloned into a plasmid carrying a fluorescence reporter gene
to generate fluorescent fusion proteins. Plasmid encoding IGF-1

or IGFBPL-1 gene was constructed and spliced into pJ603-neo
vectors expressing a red (RFP, TD-tomato) or green (GFP) fluores-

2

cent protein, respectively. Cells were transfected by electropora-
tion using one or both vectors and examined under fluorescence
microscopy. Transfected cells were enriched by antibiotic selection
and subjected to RT-qPCR and ELISA for quantitation of IGF-1 and
IGFBPL-1 expression. Transfected cells, NPPFVIGF-1, NPPFVIGFBLP-1
and NPPFVIGF-1/GFBLP-1 were studied under a co-culture condi-
tion with RGCs and evaluated for neuronal morphology, axonal
growth and apoptosis. Double transfection of these genes yielded
significantly increase production of IGF-1 and IGFBPL-1 (15.8 fold
vs. 3.7 for naive NPPFVs in combination). ELISA also indicated that
transfected NPPFVs secreted both gene products in culture. In co-
culture condition, transfected NPPFV cells improved morphology of
resident RGCs and decreased apoptotic signals. Our data indicate
that neuroprotective genes such as IGF-1 and its binding protein,
IGFBPL-1 could be successfully transfected and expressed into
neuronal progenitor cells such as NPPFVs. Expression of these pro-
teins improves neuronal morphology, axonal growth and survival
of RGCs. Overall, NPPFVs expressing neuroprotective transgenes
may be good candidate cells for transplantation of the inner retinal
to confer increased neuroprotection to host RGCs under disease
conditions. 1 Cell Transplantation, in press, 2012. Corresponding
author: Lashkari, Kameran

Poster Board Number: T-1005

HISTONE MARKS PREDICT CELL PLASTICITY
OF THE ADULT HUMAN RETINAL PIGMENT
EPITHELIUM

Blenkinsop, Timothy A.", Rada Iglesias, Alvaro? Charniga, Carol’,
Wysocka, Joanna? Temple, Sally'

'Neural Stem Cell Institute, Regenerative Research Foundation, Rensselaer, NY,
USA, 2Developmental Biology, Stanford University, Stanford, CA, USA

Retinal pigment epithelial (RPE) cells are one of the few cell types
well recognized to change fate in lower vertebrates. We recently
showed that adult human RPE contains a minor sub-population

of cells that can be activated into self-renewing multipotent stem
cells. These RPESCs can be derived from donors as old as 99 years,
and can differentiate down RPE, neural or mesenchymal lineages
using appropriate differentiation media. Addressing whether the
observation of mesenchymal fates was due to the multipotency of
the RPE cells or to a contaminating cell type, for example MSCs, in
the cultures was critical. Therefore, we demonstrated that single,
cloned RPE cells exhibit this ability, irrefutably demonstrating that
they are multipotent cells. We therefore sought to understand the
basis for this observed plasticity. Histone marks at promoter and
enhancer sites can reveal both genes that are actively being tran-
scribed - i.e. active, and genes that are poised - i.e. currently inac-
tive, but can be activated by under appropriate conditions. Recent-
ly, the histone H3K27me3 and H3K4me3 marks has been shown to
be concomitantly enriched in so called bivalent promoter regions,
which in human embryonic stem cells (hESCs) are thought to poise
developmental genes for subsequent activation. Similarly, distal
enhancers in hESC are enriched in either H3K27ac or H3K27me3,
depending if such regulatory elements control transcriptionally
active or poised genes, respectively. Therefore, we hypothesized
that the combination of histone marks at promoter and enhancer
regions could predict poised genes in RPE that can become active
in response to stimuli and that could explain RPE plasticity. We
cultured human retinal pigment epithelium into polarized layers
and verified their terminal differentiation throuh transepithelial
resistance (TER) in Q.cm2. These monolayers expressed TER of >
200Q.cm2 similar to native RPE. We also confirmed their identity
immunohistochemically, by quantitative PCR, and using a phagocy-
tosis assay. We then conducted H3K27ac, H3K27me3, H3K4me3 and
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H3K4me1 chromatin immunoprecipitation-sequencing (ChIP-seq)
on adult human RPE monolayers. We found that RPE specific genes
possess H3K27ac and H3K4me3 marks at their promoter regions,
whereas the genes we have found to increase expression during
differentiation of RPE, for example RUNX2 during osteogenic differ-
entiation, display a bivalent promoter enriched in both H3K27me3
and H3K4me3. In addition, we identified a large number of putative
enhancer elements, whose relevance and specificity are currently
being evaluated. These results suggest that poised promoter and
enhancer signatures may facilitate understanding of the molecular
basis of RPESC plasticity.

Poster Board Number: T-1006

RETINAL TRANSPLANTATION OF
PHOTORECEPTOR PRECURSORS DERIVED FROM
MOUSE EMBRYONIC STEM CELLS UNDER HYPOXIC
CONDITIONS IMPROVED THE EFFICIENCY OF
DIFFERENTIATION

Garita-Hernandez, Marcela', Diaz-Corrales, Francisco', Lukovic,
Dunja’, Gonzalez-Guede, Irene’, Massalini, Simone’, Diez-Llobet,
Andrea’, Erceg, Slaven? Bhattacharya, Shom S.2

'Cell Therapy and Regenerative Medlicine, Cabimer, Seville, Spain, ?Cell Therapy
and Regenerative Medicine, Cabimer, Medical Genome Project, Seville, Spain

Retinal dystrophies such as Retinitis pigmentosa (RP) and age-
related macular degeneration (AMD) are among the leading causes
of permanent blindness and are characterized by the progressive
dysfunction and death of the light sensing photoreceptor cells of
the retina. Due to the limited intrinsic capacity of the mammalian
retina to regenerate, the use of embryonic stem cells (ESC) as an
unlimited source to replenish the lost cells has represented a main
objective for the scientific community. Despite great advances in
the field of differentiation of ESC towards photoreceptors in the
recent years, few drawbacks remain unresolved. Such as, efficiency,
purity of the population and the constant worry that once differen-
tiated, cells would not be able to integrate into the host retina. We
have designed a new protocol to differentiate mouse ESC (mESC),
involving the control of the microenvironment, particularly the oxy-
gen tension of the retinal niche-specific conditions, as well as the
manipulation of key signaling pathways involved during normal
retinal development. We have observed that hypoxia not only in-
creases the efficiency of differentiation towards photoreceptors, in
terms of the number of Rhodopsin/Recoverin and Opsin-S positive
cells but it also improves the modeling of retinogenesis by decreas-
ing the time necessary to acquire each specific retinal phenotype
in vitro. Specific transcription factors associated with each stage of
retinal differentiation such as eye field (Rax, Six3), optic cup (Pax6,
Mitf, Chx10), photoreceptor precursors (Nrl, Crx) and even mature
photoreceptors (Rhodopsin, Recoverin and Opsin-S) were upregu-
lated earlier and their levels of expression were significantly higher
than those reached under normoxic conditions as determined by
gPCR. Immunofluorescence analysis also confirmed a significant
higher yield of positive cells for Rax, Crx, Opsin-S, and Rhodopsin/
Recoverin positive cells derived under hypoxia. Furthermore, dif-
ferentiation of mESC cells following our protocol under hypoxia
retained a higher proliferative capacity in vitro and when photo-
receptor precursors were transplanted in the subretinal space of
wild type mice they differentiated mainly towards Recoverin/Rho-
dopsin positive cells, migrated and integrated into the host retina
and in some cases acquired the morphology of mature rods with
formation of structures suggesting outer segments. We believe our
results support the hypothesis that hypoxia is necessary to induce a
higher efficiency of differentiation of embryonic stem cells towards

retinal phenotypes. Purification of these specific retinal progeni-
tors will allow us to define conditions to expand a homogenous
population that could be further differentiated into fully mature
photoreceptors

Poster Board Number: T-1007

EXPLORING THE USE OF HUMAN VERY SMALL
EMBRYONIC-LIKE STEM CELLS (VSELS) ISOLATED
FROM ADULT PERIPHERAL BLOOD FOR THERAPY
OF DRY AGE-RELATED MACULAR DEGENERATION
(AMD)

Eminli, Sarah’, Jiang, Caihui? Chen, Guochun? Baranov, Petr? Cyr,
Desiree?, Leary, Elizabeth’, Yavanian, Gregory', Hall, Sean’, Jiang,
Yajuan', Marasco, Wayne A3, O'Neill, David W.}, Lashkari, Kameran?,
Young, Michael J.2

'NeoStem Inc., Cambridge, MA, USA, °Schepens Eye Research Institute,
Massachusetts Eye & Ear, Harvard Medical School, Boston, MA, USA, *Dana
Farber Cancer Institute, Harvard Medical School, Boston, MA, USA

Age-related macular degeneration (AMD) is one of the leading
causes of incurable blindness in the western world. More than 7
million people in the United States suffer from AMD, and over 2
million over age 50 have progressed to the late stage of the disease,
with drastic vision impairment or permanent loss of vision. Atro-
phic (dry) AMD, the most prevalent form, accounts for 90% of all
cases, and is characterized by the progressive deposition of debris
underneath the retinal pigment epithelium (RPE) layer, a highly
specialized tissue that supports, protects and nurtures the light
sensitive photoreceptors of the outer neural retina, leading to their
degeneration. End stage AMD occurs when the RPE completely
degenerates, with associated loss of photoreceptors and the under-
lying capillary layer called choriocapillaris. Cell transplantation (RPE,
photoreceptor precursors or cells with neuroprotective abilities)
could be used to restore sight in advanced AMD by replenish-

ing the subretinal anatomy and re-establishing the functional
relationship between RPE and photoreceptors. Recently, Very Small
Embryonic-like Stem cells (VSELs) have been identified in human
bone marrow and in adult peripheral blood. Human VSELs are
populations of small (5 to 9 um) Lin-, CD45- cells that can express
CD133, CD34, CXCR4, as well as high levels of markers character-
istic of embryonic stem cells such as Oct-4 and Nanog. To explore
the regenerative potential of VSELs in the retina, we transplanted
PKH26-labeled enriched human VSELs into the mouse eye -- both
by injecting the cells into the vitreous space of immunodeficient
mice, and by injecting the cells subretinally in a SCID immunodefi-
cient mouse model of retinal detachment. We assessed the ability
of human VSELs to engraft, survive and differentiate into retinal or
neuroectodermal cells in the mouse retina. At both 2 and 4 weeks
after transplantation the subretinally and intravitreally injected
human VSELs were able to engraft, survive and migrate within the
retina. Furthermore, subsequent immunohistochemistry analysis
revealed that the subretinally transplanted cells were able to dif-
ferentiate and express markers of retinal stem and developing pro-
genitor cells such as Nestin and PAX6, markers of neuro-ectodermal
cells such as MAP2 and beta-3-tubulin, and the early photoreceptor
marker, recoverin. These studies indicate that human VSELs can
engraft, migrate and differentiate along the retinal lineage. These
observations warrant further investigation to evaluate the potential
role of these cells to treat AMD.
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FUNCTIONAL TISSUE ENGINEERED CORNEAL
ENDOTHELIUM DERIVED FROM MOUSE CORNEAL
STROMA STEM CELLS

Hatou, Shin’, Yoshida, Satoru’, Higa, Kazunari?, Miyashita,
Hideyuki', Tsubota, Kazuo', Shimmura, Shigeto'

'Department of Ophthalmology, Keio University School of Medicine, Tokyo,
Japan, Department of Ophthalmology, Tokyo Dental College Ichikawa General
Hospital, Ichikawa, Japan

Purpose: Corneal endothelial dysfunction remains a common
indication for keratoplasty, accounting for half of the total num-
ber of such procedures. Corneal endothelium as well as corneal
stroma originates from the neural crest. We previously reported the
isolation of Cornea-derived Precursors (COPs), which have charac-
teristics of multipotent neural crest-derived stem cells, from mouse
corneal stroma. In this presentation, we report tissue engineered
corneal endothelium (TECE) derived from COPs. Methods: We
cultured COPs from mouse corneal stroma in the specific endothe-
lium-inducing medium including retinoic acid, glycogen synthase
kinase 3-beta inhibitor, and TGF beta-2 for one week to induce
TECE. Quantitative RT-PCR was performed to detect markers char-
acterizing corneal endothelium (Na,K-ATPase al-subunit, carbonic
anhydrase, Na,HCO3 co-transporter, collagen 1V, collagen VIII, and
Pitx2). The pump function attributable to Na,K-ATPase activity of
TECE was measured with an Ussing chamber, and compared with
that of primary cultured mouse corneal endothelial cells (mCE) and
3T3 cells. Transplantation of TECE sheets into rabbit cornea was
performed to evaluate in vivo TECE pump function. Results: After
one week culture, hexagonal mosaic pattern monolayer TECE was
obtained from COPs. Quantitative RT-PCR revealed significant in-
creases of the expressions of all of the above markers. Na,K-ATPase
pump activity of TECE (198.4puA/cm?2) was significantly higher than
COPs (15.2uA/cm2) and 3T3 (40.8uA/cm?2) cells, and 1.7-fold higher
than cultured mouse corneal endothelial cells (116.3pA/cm2). TECE
transplanted into rabbit corneas maintained transparency and
corneal thickness (497.5+104.9um), whereas control corneas with-
out TECE showed marked edema and increased corneal thickness
(1105.8+165.9um). Conclusions: We successfully derived TECE from
mouse corneal stromal cells (COPs), which has equal pump function
with mCE in vitro and in vivo.

Poster Board Number: T-1009

CD44 MEDIATES THE POST-TRANSPLANT
SURVIVAL OF ADULT MOUSE RETINAL STEM CELL-
DERIVED ROD PHOTORECEPTORS

Ballios, Brian G., Clarke, Laura, Shoichet, Molly S., van der Kooy,
Derek

Univ of Toronto, Toronto, ON, Canada

Adult retinal stem cells (RSCs) derived from the ciliary epithelium
of mice can give rise to all retinal cell types. RSC-derived photore-
ceptors have demonstrated functional recovery in mouse models
of disease. The potential of RSC-derived rods in adult mouse
transplantation models has been limited by poor cell distribu-
tion, survival and integration into host tissue. An injectable and
biodegradable hydrogel blend of hyaluronan and methylcellulose
(HAMC) has shown promise in overcoming the cell distribution
barrier. Here we report a mechanism through which HAMC directly
supports the survival and integration of post-mitotic RSC-derived
rods in vitro and in vivo. RSC-derived rods were pre-differentiated
on laminin substrate in the presence of taurine/retinoic acid, which
increases the percentage of rods differentiating in clonal mouse

4

and human RSC colonies to over 95% of the population. Survival
was assessed with ethidium homodimer and phenotype by im-
munocytochemical (ICC) staining for rhodopsin, Pax6 and RPE65.
RSC-derived rods were harvested at various pre-differentiation time
points and injected in a vehicle of either HAMC or saline (control)
subretinally into adult mice. Cell distribution in host tissue was
analyzed 3 weeks post-transplantation among neural retina, sub-
retinal space, and retinal pigment epithelium (RPE) in the HAMC vs.
saline vehicles, with or without addition of the glial-specific toxin
DL-alpha-aminoadipic acid (AAA). Highest levels of cell survival/
integration in neural retina were observed with the transplantation
of early post-mitotic RSC-derived rods in HAMC+AAA. Post-mitotic
RSC-derived rod photoreceptors showed significantly improved in
vitro survival in HAMC compared to media alone. ICC and Q-PCR
analysis revealed the expression of the hyaluronan receptor CD44
on RSC-derived rods. The binding of HA to CD44 on other cell types
is known to influence cellular migration and survival. CD44-/- RSC-
derived rods did not exhibit the pro-survival effect seen with HA-
containing mixtures in vitro, demonstrating the specificity of this
interaction. The enhanced survival and neural retinal integration of
wild-type RSC-derived rods after transplantation in HAMC+AAA is
lost with transplantation of CD44-/- RSC-derived rods. Our results
suggest that HAMC directly promotes RSC-derived rod survival in
vitro and in vivo through the CD44 receptor.

Poster Board Number: T-1010

CANONICAL WNT SIGNALING DETERMINES
TUMORIGENICITY AND FUNCTION OF
TRANSPLANTED ESC-DERIVED RETINAL
PROGENITORS

Cui, Lu, Guan, Yuan?, Xu, Guo-Tong? Jin, Ying'
'Institute of Health Sciences, Shanghai, China, *Tongji University School of
Medicine, Shanghai, China

Tumor formation constitutes a major obstacle to the clinical appli-
cation of embryonic stem cells (ESCs). Here, we report that further
differentiation of ESC-derived neural progenitors into retinal pro-
genitor cells (ESC-RPCs) completely eliminates teratomas in ocular
transplantation. However, tumor-like neural overgrowth occurs in
61% of transplanted eyes. Inhibition of Wnt signaling by DKK1 pro-
motes the commitment of ESC-RPCs to more mature retinal cells
and reduces the occurrence of tumor-like neural overgrowth to 3%.
DKK1-treated ESC-RPCs efficiently integrate to the host retina, form
synaptic connections and restore visual function. Mechanistically,
canonical Wnt signaling effector Tcf1 directly activates Sox2 and
Nestin expression. Silencing Sox2 or Nestin produces phenotypes
resembling to those of DKK1 treatment. Furthermore, Tcf1, Sox2
and Nestin are highly expressed in the early retinal development
and retinoblastoma. Collectively, this study demonstrates for the
first time the pivotal role of Wnt signaling and the Tcf1/B-catenin-
Sox2-Nestin cascade in controlling tumorigenicity and the thera-
peutic effect of transplanted ESC-derived progenitors.
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PHOTORECEPTORS REINITIATE THE CELL CYCLE
MACHINERY DURING DEGENERATION

Arsenijevic, Yvan', Chen, Danian?, Bremner, Rod? Ekstrom, Per?,
van Lohuizen, Maarten* Tanger, Helen?, Zencak, Dusan', Schouwey,
Karine'

'Ophthalmology, University of Lausanne, Lausanne, Switzerland, ?Genetics
and Development Division, Toronto Western Research Institute, University
Health Network, University of Toronto, Toronto, ON, Canada, *Division of
Ophthalmology, Departement of Clinical Sciences, University of Lund, Lund,
Sweden, “Division of Molecular Genetics, Netherlands Cancer Institute and The
Centre of Biomedical Genetics, Amsterdam, Netherlands

Recent data concerning post-mitotic neurons show the reactiva-
tion of cell cycle proteins during the process of cell death in several
neurodegenerative diseases. We asked whether the control of this
cell cycle protein expression may share some common features
with the regulation of neural stem cell proliferation. We investigat-
ed the retina of Rd1 mice, a model of retinitis pigmentosa, with rod
function defects, widely used to study photoreceptor loss. We used
different knockout mouse models to reveal whether proteins in-
volved in the cell cycle regulation are responsible for photoreceptor
loss in the Rd1 mouse. Histological and electroretinogram analyses
were performed to evaluate the retina integrity. At P12, an early
stage of the disease, Rd1 mice displayed an increased expression of
Cdk4 and Cdk2, as well as their target, phosphorylated-Rb among
photoreceptor nuclei. Genetic and pharmacological interferences
with cell cycle protein activities extended photoreceptor survival
both in vitro and in vivo, but transiently. Interestingly, we observed
that at P12, the polycomb group protein Bmi1 was expressed in
virtually all the nuclei in the inner and outer nuclear layer of both
wild-type (WT) and Rd1 mice. Bmi1 promotes cell cycle progression
via the repression of tumor suppressor genes through epigenetic
modifications. We reasoned that Bmi1 deletion could impede the
Cdk reactivation that characterizes neuronal apoptosis and may
therefore delay retinal degeneration. We compared the histology
of WT, Rd1 and Rd1;Bmi1-/- and observed the presence of 7 rows of
photoreceptors in Rd1;Bmi1-/- mice at P33, while Rd1 littermates
displayed a single scattered row of photoreceptors. ERG record-
ings revealed the ability of Rd1;Bmi1-/- retinas to respond to light
stimuli (cone response). Cdk4 activity and cell death were strongly
decreased in Rd1;Bmi1-/- mice, respectively by 70% and 50%

as compared to Rd1 littermates. Both rods and cones were well
preserved in the Rd1;Bmi1-/- retinas. In conclusion, our data show
for the first time a mechanism of retina degeneration involving a
reactivation of the cell cycle that precedes photoreceptor death.
Moreover, Bmi1, known to play a key role in the control of neural
stem cell renewal, appears also to have a permissive action on
neurons to allow cell cycle entry and progression until the S-phase.
The dissection of such mechanisms may help to understand cues
controlling cell regeneration versus cell death.

Poster Board Number: T-1012

STARGARDT’S DISEASE: TOWARD AN IN VITRO
MODEL OF THE MACULAR DYSTROPHY.

Lagarkova, Maria', Maximov, Vadim? Chestkoy, llya? Kiselev,
Sergey’

"Vavilov Institute of General Genetics, Moscow, Russian Federation, °NRC
“Kurchatov Institute’, Moscow, Russian Federation

Stargardt’s disease is a genetic autosomal-recessive disorder with
the prevalence rate 1 in 8-10 thousand people. The hereditary
disease leads to loss of central vision starting from first or second
decades of life due to a macular degeneration. One of clinical

manifestations of the condition is presence of lipofuscin granules

- yellowish autofluorescent flecks containing A2E and its derivates.
These components are toxic and their accumulation is believed

to result in death of retinal pigment epithelium (RPE) cells and
consequent loss of photoreceptors. Mutations of ABCA4/ABCR are
accountable for most cases of Stargardt’s macular dystrophy. The
ABCA4 transporter defects impair 11-cis-retinal cycle (visual cycle)
causing the accelerated accumulation of A2E and its derivates.
Noteworthy, A2E and its derivates accumulation occurs also in
other diseases including age-related macular dystrophy and gradu-
ally develops during lifetime of healthy people. Therefore, signifi-
cance of development of Stargardt’s disease in vitro model, which

is the purpose of our study, goes beyond studying of mechanisms
of and developing treatments for the particular macular dystro-
phy. Obtaining of the in vitro model will also facilitate study some
other macular degeneration diseases and normal aging process in
human eyes. We have successfully obtained and characterized in-
duced pluripotent stem (iPS) cells from skin fibroblasts of 2 siblings
with Stargardt’s disease. We developed a robust protocol for in vitro
differentiation of hESCs and iPSCs into three-dimensional struc-
tures histologically and molecularly similar to developing retina. Us-
ing 3-step differentiation protocol combining 2D and 3D cultivation
of differentiating hESCs and iPSs we induced “eye-like” structures
containing neural retina surrounded by retinal pigmented epithe-
lium layer. Histological, immunochemical, and PCR analysis dem-
onstrated that“3D eye-like” structures derived from hESCs, iPSCs
from normal donors and patients with Stargardt’s disease closely
reminded flatten pattern of natural eye development. No evidence
has been published for the existence of the visual cycle in culture of
human retinal cells. This cycle implies contact and proper function-
al interaction between photoreceptors and RPE cells. Since defects
in the 11-cis-retinal cycle lead to the pathology then obtaining of
retinal cells culture, where the visual cycle occurs, is one of the most
important steps in developing in vitro model of Stargardt’s disease.
We are currently addressing the question whether the 11-cis-retinal
cycle can be observed in our cultures of retinal cells.

Poster Board Number: T-1013

ROLE OF GLAST-POSITIVE GLIAL CELLS DURING
PHOTORECEPTOR DEVELOPMENT

Decembrini, Sarah, Arsenijevic, Yvan

Unit of Gene Therapy & Stem Cell Biology, UNIL Universite de Lausanne,
Lausanne, Switzerland

Taking advantage of two transgenic mouse lines, glast.dsRed and
crx.gfp, that express fluorescent proteins in glial and photorecep-
tor cells respectively, we investigate the role of glast-positive glial
cells (GPCs) in the survival/differentiation/proliferation of age-
matched and aged photoreceptor cells. Primary retinal cells were
isolated from newborn transgenic mouse retina (glast.dsRed::crx.
gfp) at postnatal day (P0/P1) and propagated in defined medium
containing epidermal growth factor (EGF) and fibroblast growth
factor 2 (bFGF). By flow-sorting another population of pure GPCs
was purified. Both populations were expanded and analyzed for
the presence of specific retinal cell markers. Notably, the primary
cell culture collected from the glast.dsRed::crx.gfp transgenic line
showed a conspicuous presence of immature photoreceptors
growing on top of GPCs. In order to reveal the role of such cells in
the survival/differentiation/proliferation of photoreceptors we set
up in vitro cultures of retina-derived cells that allowed long-term
time-lapse recordings charting every cell division, death and dif-
ferentiation event. To assess the regenerative potential of cultured
GPCs, we challenged them with compounds mimicking retinal de-
generation (NMU, NMDA, Zaprinast). Moreover, in order to evaluate
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the ex-vivo capability of GPCs to generate/regenerate photorecep-
tors, we set up a time-lapse video of glast.dsRed::crx.gfp-positive
retinal explants in wt or degenerating conditions at different
developmental stages. Mass spectrometry (MS), immunostainings
and other molecular approaches were performed to reveal adhe-
sion molecules involved in the relationship between glial cells and
photoreceptors. Both primary cell lines were highly homogenous,
with an elongated morphology and the majority expressed Miiller
glia markers (MG) such as glast, blbp, glt-1, vimentin, glutamine
synthetase (GS), GFAP, cd44, mash1 and markers of reactive Miiller
glia such as nestin, pax6. Conversely, none of them were found
positive for retinal neuron markers like tuj1, otx2, recoverin.Primary
cultures of GPCs show the incapability of glial cells to give rise to
photoreceptors in both wild type or degenerative environment.
Furthermore, primary cultures of pure GPCs challenged with dif-
ferent compounds did not highlight the production of new glial
cell-derived photoreceptors. Nonetheless, GPCs support photore-
ceptor survival for more than 30 days. Retinal explants treated with
compounds causing retinal degeneration in vivo, show interesting
results that are still under analysis. Adhesion molecules involved

in the contact between photoreceptors and glial cells are under
investigation. In conclusion, primary glial cell cultures collected at
P1/P0 do not give rise to photoreceptor cells in wt or degenerative
conditions at least in vitro. Their role in ex-vivo and in-vivo experi-
ments in both wt or degenerative conditions are still under further
investigations. Presently, data obtained in culture strongly suggest
that glial cells control the survival of photoreceptor cells.

Poster Board Number: T-1014

EVALUATION OF CROSS-LINKING TIME
FOR CARBODIIMIDE MODIFIED AMNIOTIC
MEMBRANES ON LIMBAL EPITHELIAL CELL
CULTURE CHARACTERISTICS

Lai, Jui-Yang', Ma, Hui-Kang?

'Institute of Biochemical and Biomedical Engineering, Chang Gung University,
Taoyuan, Taiwan, 2Department of Ophthalmology, Chang Gung Memorial
Hospital, Taoyuan, Taiwan

Purpose: This study aims to investigate the effect of cross-linking
time for carbodiimide modified amniotic membrane (AM) on limbal
epithelial cell (LEC) culture characteristics. Methods: The AM was
chemically cross-linked with 1-ethyl-3-(3-dimethyl aminopropyl)
carbodiimide hydrochloride (EDC)/N-hydroxysuccinimide (NHS) for
a variety of time periods in the range of 1-48 h. Ninhydrin assays
and mechanical tests were used to determine the extent of cross-
linking. In addition, the degradability was studied by incubating the
AM at 37°C in balanced salt solution containing collagenase. After
cultivation on various cross-linked AM samples, the human LECs
were analyzed for their proliferation and gene expressions. Results:
The results of ninhydrin assays and mechanical tests showed that
an increase in the cross-linking time may lead to the increase in

the cross-linking degree of chemically modified AM. After treat-
ment with EDC/NHS for 48 h, the samples had strong mechanical
strength and exhibited good degradation resistance, indicating
that these biological tissue materials could provide stable support
for LEC growth. It was found that the cells on the AM modified

with carbodiimide chemistry for a longer time expanded rapidly
and expressed higher levels of p63 and ABCG2. Conclusions: The
present study suggests that the cross-linking time has a profound
influence on the performance of carbodiimide modified AM for LEC
cultivation.

Poster Board Number: T-1015

DEVELOPMENT OF PATIENT SPECIFIC IPS CELLS
IN ORDER TO MODEL LEBER CONGENITAL
AMAUROSIS DISEASE

Lukovic, Dunja’, Erceg, Slaven', Kamenarova, Kunka', Diez,
Andrea', Valdés, Lourdes’, Massalini, Simone', Ayuso, Carmen?,
Bhattacharya, Shomi S.

'CABIMER, Seville, Spain, Fundacion Jimenez Didz, Madrid, Spain

Retinitis pigmentosa (RP) and Leber Congenital Amaurosis (LCA),

a genetically heterogeneous group of diseases, together with
age-related macular degeneration (AMD) are the leading causes of
permanent blindness characterized by progressive degeneration of
photoreceptors and pigment epithelial cells of the retina. The aim
of this study is to develop retinal progenitors from patients-own
somatic cells that will serve as an experimental model of the dis-
ease and eventually applied in clinical therapy to reverse blindness.
Patients’ dermal fibroblasts, obtained by punch biopsy, have been
selected as a source of retinal progenitors. The fibroblasts were de-
differentiated into a pluripotent stage (human induced pluripotent
stem, hiPS, cells) by retroviral particles producing hNANOG, hOCT4,
hSOX2, hKLF4 and hc-Myc produced in HEK293T cells. The colonies
were propagated and characterized for pluripotency imunocyto-
chemicaly and by RT-PCR. The identity of the derived iPS cells was
confirmed by fingerprinting. Early-onset RP patients’fibroblasts
with mutations in CRBT (W822STOP/C948T) and RDH12 (T49M)
genes were reprogrammed into hiPS cells. 21 days after transduc-
tion colonies with the morphology similar to embryonic stem cells
begun to appear. The colonies were similar to healthy patient hiPS
colonies as characterized for pluripotency by immunocytochem-
istry and RT-PCR. We successfully generated RP patient-specific

iPS cell lines and characterized them for pluripotency. These cells
are being submitted to the differentiation protocol to generate
fotoreceptor and retinal pigment epithelial cells. The use of patient
derived iPS cells will help to elucidate the pathogenic mechanism
caused by the mutations in CRBT and RDH12 genes.

Neural Cells

Poster Board Number: T-1016

CTX HUMAN NEURAL STEM CELL (HNSC) THERAPY
FOR ISCHEMIC STROKE PATIENTS: PISCES - A
CLINICAL SAFETY TRIAL

Kalladka, Dheeraj’, Sinden, John?, Pollock, Kenny? McLean, John?,
Santosh, Celestine?, Muir, Keith W."

'Institute of Neuroscience & Psychology, University of Glasgow, Glasgow, United
Kingdom, 2ReNeuron Ltd., Surrey, United Kingdom, *Neuroradiology, NHS
Greater Glasgow and Clyde, Glasgow, United Kingdom

Background: The hNSC line CTXOEO03 was clonally derived from
early expansion of fetal cortical hNSCs following retroviral insertion
of a c-mycERTAM fusion gene that permits controlled expansion

in the presence of growth factors and 4-hydroxytamoxifen. The
CTXOEO3 cell line has been banked and is used in the GMP (Good
Manufacturing Practice) manufacture of CTX Drug Product (DP)
currently in clinical development. Preclinical studies with CTX DP
in MCAo (Middle Cerebral Artery Occlusion) rat stroke models have
shown dose-related behavioral recovery in sensorimotor function
and evidence of cell survival, limited migration, angiogenesis &
endogenous neurogenesis. In the PISCES trial we aim to investigate
the safety profile of intra-cerebral implantation of CTX DP; a sec-
ondary aim is to explore indices of change in neurological function
as a result of cell treatment. Methods: We undertook an open label,
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ascending dose, Phase | clinical trial in 12 male patients with stable
neurological deficit & disability resulting from ischemic stroke
affecting the basal ganglia or white matter 6 months to 5 years pre-
viously. Four groups of 3 patients receive 2, 5, 10 & 20 million cells
respectively, implanted in the ipsilateral putamen by stereotaxic
injection. The two year follow-up includes a range of neurological
function tests as well as general clinical & longitudinal radiological
data (3T MRI, fMRI, DTI, MRS) to identify potential biomarkers of
change in neurological function. FMRI data collection pre & post
cell implantation is based on a block design of hand grasp-release
task that is visually cued at 0.25Hz. All patients will be followed up
for 10 years and give consent for post-mortem brain examination.
Results: Up to January 2012, five male subjects had been implanted
with CTXOEO3 [2 million (n=3) & 5 million (n=2) cells] with follow up
between 2 and 14 months. Mean age was 74.6 years (range 68-83)
with median National Institutes of Health Stroke Scale (NIHSS)
score of 8 and mean time from stroke onset 30.2 months (range
14-51). Two (40%) had sub-cortical-only infarcts and 3/5 (60%) had
left hemisphere lesions. No direct cell related adverse events or
immune related response have been observed. One patient had a
minor procedure-related asymptomatic sub-dural bleed & 2 had
superficial scalp infection at the wound site. NIHSS scores 1 month
post cell implantation improved in all 5 patients with reductions

in score compared to baseline being 2, 1, 3, 1 & 1 respectively

and further reduction by 1 & 2 at 12 month review in the first 2
patients. Summated Ashworth spasticity scores of affected limbs
(total potential score=60) improved in all 5 patients compared to
baseline by 15, 7, 6, 3 & 8 respectively. Comparing fMRI activations
(SPMB8; active vs rest; p<0.05) in 2 subjects with hand weakness but
with 1 preserved & 1 damaged motor cortex shows widespread
activations followed by reorganization to ipsilesional cortex during
return of minimal finger movement and bilateral occipital & cer-
ebellar activation followed by return of surviving ipsilesional cortex
activation during minimal leg power improvement, respectively.
Conclusions: No cell related adverse events observed to date in the
first 5 patients enrolled. Neurological impairment improved in all
subjects, and was sustained in longer-term follow up. Moreover,
some longitudinal change in motor activation fMRI was seen. The
PISCES trial will continue to enroll subjects at the remaining and
higher dose cohorts according to ongoing data review.

Poster Board Number: T-1017

CELLULAR NEURODEGENERATIVE DISEASE
MODELS DERIVED FROM GENETICALLY
MANIPULATED HUMAN PLURIPOTENT STEM
CELLS

Aiba, Kazuhiro', Honda, Makoto?, Goparaju, Sravan K., Tooi, Norie',
Minami, Itsunari’, Nakatsuji, Norio?

'Institute for Integrated Cell-Material Sciences (iCeMS), Kyoto University, Kyoto,
Japan, 2Stem Cell and Drug Discovery Institute, Kyoto, Japan, *Institute for
Integrated Cell-Material Sciences (iCeMS) and Institute for Frontier Medical
Sciences, Kyoto University, Kyoto, Japan

Cellular disease models derived from human pluripotent stem cell
(hPSC) are demanded in research of disease mechanisms as well

as screening of new drugs because animal models or tumor cell-
derived models do not always precisely mimic human responses.
Recently we have established an efficient system to integrate genes
into a defined locus in hPSC. Using this site-specific gene integra-
tion system, we have generated hESC and hiPSC lines carrying
mutant genes responsible for familial neurodegenerative diseases,
such as Alzheimer’s disease (AD), amyotrophic lateral sclerosis (ALS),
and Huntington’s disease (HD). Cellular disease-phenotypes were
detected in the disease model cells. For example, hESC-derived AD

models showed AD-related phenotypes such as increase of AB42
production and neural dysfunction. HD models showed cell death
of mutant HTT-expressing neurons in particular conditions. In ad-
dition, our disease models derived from genetically manipulated
hPSCs are capable of comparing with isogenic healthy hPSCs. These
results indicate that genetically manipulated hPSC-derived disease
model cells are useful tools for neurodegenerative disease research.

Poster Board Number: T-1018

LONG-TERM STABLE IN VITRO CULTIVATION OF
NEURAL STEM CELL LIKE CELLS FROM HUMAN
ADULT TEMPORAL LOBE

Kang, Bong Gu', Lee, Se Jeong?, Cho, Yu Jin?, An, Jae Yeol?, Song,
Hyeon Suk', Joo, Kyeung Min?, Nam, Do-Hyun'

'Department of Neurosurgery, Samsung Medlical Center and Samsung
Biomedical Research Institute, Sungkyunkwan University School of Medicine,
Seoul, Korea, Republic of, 2Department of Anatomy, Seoul National University
College of Medicine, Seoul, Korea, Republic of

Autologous adult human neural stem cells (ahNSCs) may be used
for regenerative cell therapies bypass potential ethical problems.
However, stable in vitro expansion protocols and experimental/
clinical factors influencing primary cultures need to be further elu-
cidated for clinically applicable techniques. To address these issues,
we obtained biopsy specimens from 23 temporal lobe epilepsy
patients. Neural cells were primarily cultured in anewly defined
attachment culture condition and experimental/clinical factors
influencing the culture were analyzed. When the success of primary
cultures was defined as stable expansion of cells (>ten in vitro pas-
sages) and expression of NSC markers, success rate of the primary
culture was 39% (nine of 23 temporal lobes). In the successful cases,
1 % 10° neural cells could be multiplied into 1 x 10" cells within four
months. During the long-term expansion, expressions of NSC mark-
ers and differentiation potentials into astrocytes and neurons were
maintained. After the 18" sub-culture, spontaneous senescence
and differentiation were observed, and the cultivated NSC-like cells
ceased their proliferation. The culture results were not affected

by seizure characteristics. However, an older age (> 40 years) and

a smaller sample volume (< 2ml) were found to exert negative
influences on the primary culture results. Although NSC-like cells
were obtainable from the lateral temporal lobe remote from the
subventricular zone, they were more successfully cultured from

the medial temporal lobe facing the ventricular surface. The results
here would provide promising experimental and clinical strategy of
using patient-specific autologous NSCs in regenerative medicine in
the future.

Poster Board Number: T-1019

TRANSPLANTATION OF NEURAL CELLS DERIVED
FROM HUMAN IPS CELLS INTO AN ALZHEIMER'S
DISEASE MODEL

Fujiwara, Naruyoshi, Takai, Kenji, Takada, Erika, Hirotsu, Chieko,
Arimitsu, Nagisa, Kono, Takao, Shimizu, Jun, Suzuki, Noboru

Immunology and Medicine, St. Marianna University School of Medicine,
Kawasaki, Japan

Aim: Alzheimer’s disease (AD) represents a major cause of early-on-
set and progressive dementia and is characterized with degenera-
tion of cholinergic neurons especially in the hippocampus. Radical
cures have not been developed at present. Amyloid precursor
protein (APP) mutation causes familial AD and several APP isoforms
are suggested to be associated with AD. In this study, we tried to
generate cholinergic neurons from human iPS (hiPS) cells and to
transplant the cells to the bilateral hippocampal lesions of APP
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transgenic mice. Methods: (Culture of hiPS cells) A hiPS cell line

was obtained from RIKEN Cell Bank (cell name: 253G1, cell number:
HPS0002) and was maintained according to RIKEN cell preparation
manual. (Cell differentiation) hiPS cells were maintained in the pres-
ence of mouse embryonic fibroblasts cells in serum-free medium
containing basic fibroblast growth factor. We developed embryonic
bodies (EBs) from undifferentiated hiPS cells by 4-day floating cul-
ture. EBs were transferred to fibronectin-coated dishes and cultured
for 24 hours. We added retinoic acid, sonic hedgehock and noggin
in the dishes twice and cultured for 72 hours. We conducted RT-PCR
analysis and immunocytochemistry to evaluate hiPS cell differentia-
tion. (Transplantation) The burr hole marks were made at 2.0mm
lateral and 2.4mm posterior to the bregma in bilateral parietal
bones. The hiPS cells derived neural cells were injected into the bi-
lateral hippocampal lesions (1.75mm depth from the brain surface)
of two-month-old APP transgenic mice. Learning and memory
functions were evaluated by Morris water maze before and after
the transplantation. Histology and immunohistochemistry were
performed six months after the transplantation. Results: (Cell
differentiation) The cells derived from hiPS cells expressed neural
markers in RT-PCR and confocal immunofluorescence analysis as
well. The former showed that the cells expressed genes of chorine
acetyl transferase, beta lll tubulin, nestin, neurofilament and Islet1.
The latter disclosed that the cells were 30-50% neural cell adhe-
sion molecule (NCAM) positive, 90% nestin positive and 90% beta
1 tublin positive. (Transplantation) Transplanted hiPS cell derived
neural cells were localized in the bilateral hippocampal lesions and
these cells expressed human NCAM. There were no significant dif-
ferences in the results of Morris water maze between hiPS cell and
vehicle transplanted transgenic mice at this time but remarkable
improvement of performance in this test was achieved in several
hiPS cell derived neural cell transplanted mice. Conclusions: We
established a model of bilateral neural transplantation for AD and
the behavioral assessment was improved in several APP transgenic
mice. We speculate that hiPS cell derived neural cell transplantation
to the hippocampus is a promising candidate for AD treatment.

Poster Board Number: T-1020

TWO FACTOR REPROGRAMMING OF PERICYTE-
DERIVED CELLS OF THE ADULT HUMAN BRAIN
INTO FUNCTIONAL NEURONS
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Germany

Direct conversion of somatic cells into neurons provides a new
approach towards cell-based therapy of neurodegenerative dis-
eases. Recent studies have shown that the synergistic action of 3-4
transcription factors can induce neurogenesis from fibroblasts as
well as hepatocytes which represent a non-ectodermal cell popula-
tion. However, a major challenge for the translation of neuronal
reprogramming into therapy concerns the question whether the
adult human brain itself contains cell populations amenable to
direct somatic cell-to-neuron conversion. Here we show that cells
from the adult human cerebral cortex expressing pericyte markers,

such as PDGFR, can be reprogrammed into functional neurons by
retrovirus-mediated co-expression of only two transcription fac-
tors, namely Sox2 and Mash1. These MAP2- and NeuN-expressing
neurons acquire the ability of repetitive action potential firing

and serve as synaptic targets for other neurons indicating their
capability of integrating into neural networks. The pericytic origins
of those neurons was verified by PDGFRB-based sorting of the cells
and subsequent continuous live imaging during reprogramming.
Furthermore, genetic fate-mapping in mice expressing an inducible
Cre recombinase under the tissue nonspecific alkaline phosphatase
promoter corroborated the pericytic origin of the reprogrammed
cells. Our results demonstrate that cells endogenous to the adult
mouse and human brain can be directly converted into functional
neurons by only two transcription factors representing a viable ap-
proach for cell-based therapies of neurodegenerative diseases.

Poster Board Number: T-1021

MODELING INFLAMMATION IN PARKINSON'S
DISEASE USING HUMAN PLURIPOTENT STEM
CELLS

Boyer, Leah', Tse, Chris', Campbell, Benjamin', Winner, Beate?, Kohl,
Zacharias?, Saijo, Karou?, Campioni, Silvia*, Riek, Roland*, Glass,
Chris?, Winkler, Juergen?, Gage, Fred H.!

'Salk Institute, La Jolla, CA, USA, 2University Hospital Erlangen, Erlangen,
Germany, 3UC San Diego, La Jolla, CA, USA, *ETH Zurich, Zurich, Switzerland

Parkinson’s Disease (PD) is the most common neurodegenerative
movement disorder. Historically, PD has been considered a strictly
neuronal disease; however, clinical observations and evidence from
animal models suggest inflammation may contribute to disease
progression. It remains controversial whether glial activation, and
the resulting inflammatory cascade, is a result or a cause of neuro-
nal death. Towards resolving this distinction, we have established
cultures of human embryonic stem cell derived dopaminergic
neurons, human astrocytes and microglia. These neural cells are
used to investigate the inflammatory response to alpha-synuclein,
the protein whose mis-folding is the pathological hallmark for all
forms of PD. We found alpha-synuclein is sufficient to induce the
secretion of pro-inflammatory cytokines in both human astrocytes
and microglia, and established the neurotoxic response to this glial
derived increase in pro-inflammatory cytokines, allowing us to
study the inflammatory contribution to the pathological develop-
ment of PD in a human system. Furthermore, we are reprogram-
ming fibroblasts from patients with idiopathic PD to investigate the
contribution of inflammation to the progression of non-genetic
forms of this disease. We aim to understand the role of inflamma-
tion in PD and identify key molecular events involved in preliminary
stages of PD to exploit as potential targets for therapeutic interven-
tion early in the course of the disease.

Poster Board Number: T-1022

A NEWTYPE OF HUMAN NEURAL STEM CELL FOR
EFFICIENT PRODUCTION OF OLIGODENDROCYTE-
LINEAGE CELL

Kido, Tsuneo
Stem Cell Medicine LLC, Germantown, MD, USA

Oligodendrocytes are known to play a critical role in the pathogen-
esis of many neurological disorders including spinal cord injury,
multiple sclerosis, schizophrenia, and congenital demyelinating
diseases. A re-myelination strategy for spinal cord injury is well
established and several treatments using neural stem cell/oligo-
dendrocyte progenitor cell have undergone preclinical studies and/
or clinical trials [i.e. human embryonic stem cell (HESC)-derived
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oligodendrocyte progenitor cell (OPC) (Geron Corp., terminated
Phase | trial), human neural stem cell (NSC) (Stem Cells, Inc., Phase |
clinical trial in Switzerland) (Neuralstem, Inc.), autologous schwann
cell (Miami project) and autologous bone marrow-derived cell
(SanBio, Inc.)]. However, there are pros and cons for these cells

in term of efficiency. NSCs seem to have higher survival rate and
migration potential than other cells but other cells have higher
differentiation potency into myelin-forming cells. Human neural
stem cells (RNSCs) are usually cultured in a floating condition,
called neurosphere culture, to maintain their multi-potential and
proliferation potential. However, neurospheres contain many differ-
ent progenitors and differentiated cells and the ratio of neural stem
cells is usually very low. Recently, hNSCs could be expanded under
adherent monolayer culture condition on laminin-coated culture-
ware in the presence of EGF and bFGF. However, their differentia-
tion potential into oligodendrocyte was not so high. | developed

a new adherent monolayer culture method that enables hNSCs to
grow exponentially and to differentiate into oligodendrocyte-lin-
eage cells at 99% efficiency. Human NSCs dissociated from human
fetal tissue were initially cultured in an ordinary chemically-defined
culture medium in the presence of growth factors. The cells could
be maintained but cell number decreased gradually after several
passages. At passage 7, the cells were cultured in a proprietary NSC
medium. While the cells couldn't proliferate and total cell number
was decreased in an ordinary culture medium, they could prolifer-
ate and be successfully expanded 10,000,000 times after another
12 passage in the proprietary medium with the same growth factor
combination. The cells displayed a homogeneous morphology and
most of them expressed CD133 (100% by flow cytometry), Sox2
and nestin. When they were differentiated by withdrawing growth
factors in a serum-containing medium, neuron (BllI-Tublin positive-,
Neurofilament L positive - and/or MAP-2-positive cells), astrocytes
(GFAP-positive cells), and oligodendrocytes (04 positive -, GalC
positive - and/or MBP positive - cells) could be observed. These data
indicate that they retain neural stem cell characteristics under this
culture condition. When they were differentiated in a serum-free
condition, 23.5 + 2.0% of total cells seemed to retain undifferentiat-
ed state and 99.1 £ 0.6% of differentiated cells (75.8 £2.1% of total
cells) showed pro-oligodendrocytes (O4-positive/GalC-negative)

or oligodendrocytes (O4-positive/GalC-positive) phenotype. This
result suggested that the new culture condition shifted the cell fate
to oligodendrocyte-lineage even though they retained their neural
stem cell characteristics. Furthermore, this method will enable
production of human oligodendrocyte-lineage cells in numbers
sufficient for cell therapy.

Poster Board Number: T-1023

SORTING AND TRANSPLANTATION OF
DOPAMINERGIC PROGENITOR CELLS DERIVED
FROM HUMAN PLURIPOTENT STEM CELLS

Doi, Daisuke, Kikuchi, Tetsuhiro, Morizane, Asuka, Takahashi, Jun
Dept. of Cell Growth and Differentiation, Center for iPS Cell Research and
Application, Kyoto, Japan

Cell grafts in clinical use should be not only free from animal-de-
rived factors or feeder cells, but also free from graft-derived tumors
due to contamination of undifferentiated or unwanted cells. In this
report, we examined a nearly xeno-free culture method with FACS-
based sorting using a surface marker of the floor plate cells, to
purify the ideal cell graft for Parkinson’s disease. We induced neural
progenitors from human ES cells (KhES-1) and human iPS cells
(404C2) by the SFEBq (serum-free embryoid body quick) method
with small molecules BMP inhibitor and Activin/Nodal inhibitor

to induce neural cells efficiently, and we analyzed the expression

of a cell surface marker Corin, by qPCR and flow cytometry. By the
SFEBq method, expression of Corin arises from culture day 10 and
about 10-20% of living cells were positive on day 21. After sorting,
purity of Corin positive cells were over 90%, and the purity of the
cells were confirmed by qPCR analysis. Corin positive cells were
also expressed Lmx1a, a transcript for midbrain dopaminergic
progenitors. Corin positive cells differentiate to TH positive neurons
after 2-3 weeks of in vitro culture, and the TH positive cells were
also immunoreactive for Nurr1 or Pitx3, as a marker for midbrain
dopaminergic neurons. When grafted into non-lesioned NOD-SCID
mice on 3 days after cell sorting (differentiation totally for 24 days),
no tumor was found in the graft of Corin positive cells, while graft
overgrowth was found in the graft of Corin negative or unsorted
cells, and more TH+ neurons were survived in Corin positive graft.
After modification of the culture methods and the timing of sort,
we grafted the Corin positive cells into the 6-OHDA lesioned rats.
Human cells-derived TH positive cells were found in the graft for

8 weeks after transplantation, and methamphetamine-induced
rotation behavior were partially improved in the grafted animals
with “proper” midbrain dopaminergic neurons. We succeeded in
cell sorting for dopaminergic progenitors using a surface marker
Corin, and dopaminergic neurons were survived and functioned in
the 6-OHDA rats. Sorting of dopaminergic progenitor cells using a
surface marker reduced the risk of graft overgrowth and functioned
in rodents. We are planning transplantation of the sorted cells to
MPTP-lesioned monkeys to make a functional evaluation.

Poster Board Number: T-1024

AN IN VITRO MODEL OF THE HUMAN
REGIONALISED BRAIN REVEALS VENTRAL-TO-
DORSAL FATE SWITCHING UPON TRANSGENIC
EXPRESSION OF THE TRANSCRIPTION FACTOR
LMX1A

Kirkeby, Agnete, Wolf, Daniel, Grealish, Shane, Parmar, Malin
Developmental Neurobiology, Lund University, Lund, Sweden

Detailed studies of fate-determining genes in brain development
have so far been limited to rodents and other smaller animals,

in which it is possible to study the effect of transgenesis in the
context of the intact developing brain. In contrast, the importance
of fate-determining genes in human brain development remains
largely unexplored due to the lack of appropriate model systems.
Here, we present a system for studying region-dependent neu-

ral fate switches in an in vitro model of the developing human
brain by the use of human embyronic stem cells (hESCs). Through
dose-dependent inhibition of glycogen synthase 3 (GSK3), we
activated WNT signalling and induced gradual caudalisation of
our hESC-derived neural progenitors to yield cell fates ranging
from telencephalic to posterior hindbrain fates. The authenticity
of our regionalized cultures was verified by parallel gene expres-
sion analyses in sub-dissected tissue from the human fetal brain.
In rodents, the transcription factor Lmx1a has been shown to be
involved in the development of mesencephalic dopaminergic
(mesDA) neurons, but also in the formation of roof plate, cerebel-
lum and choroid plexus. For studying fate-determining effects of
Lmx1a in human cells, we used a lentiviral system under control of
the pluripotency-associated microRNA mir292 to ensure transgene
expression only in the differentiated cell population and not in the
pluripotent hESC population. We found that transgenic Lmx1a did
not affect neuralisation of the cells, nor the rostro-caudal identity
of the neural progenitors. However, at all levels of the neural axis,
Lmx1a suppressed formation of ventral and floor plate fates and
instead caused induction of dorsal and roof plate fates, which was
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evident as a strong activation of Msx1, Pax6, Pax7, Gdf7 and Wnt1.
In forebrain and hindbrain cultures, but not in midbrain cultures,
Lmx1a induced formation of choroid plexus, in accordance with
the anatomical derivation of choroid plexus from forebrain and
hindbrain roof plate. Transgenic expression of Lmx1a in ventralised
midbrain cultures suppressed FoxA2 expression and abolished the
formation of mesDA neurons, which were otherwise generated in
large numbers from these cultures. In contrast, Lmx1a induced the
formation of tyrosine hydroxylase (TH) expressing neurons from
telencephalic cultures at the expense of ganglionic eminence fates.
These Lmx1a-induced TH+ neurons did not co-express FoxA2 or
the enzyme AADC, and thus did not represent mesDA neurons.

In conclusion, we have developed a system for studying context-
dependent effects of neural fate determinants in human cells. We
found that transgenic expression of Lmx1a induced dorsalisation of
human neural progenitors and caused formation of region-specific
dorsal-derived fates, but did not contribute to formation of mesDA
neurons in our system.

Poster Board Number: T-1025

ELUCIDATING THE ROLE OF LYSOSOMAL
DYSFUNCTION IN THE PATHOLOGY OF
PARKINSON'S DISEASE USING HUMAN ADULT
INDUCED PLURIPOTENT STEM CELLS DERIVED
FROM PATIENTS

Fernandes, Hugo J.’, Hartfield, Elizabeth M.", Vowles, Jane? Evetts,
Samuel?, Vargas-Caballero, Mariana’, Talbot, Kevin?, Hu, Michele?,
Cowley, Sally?, James, William?, Wade-Martins, Richard'

'DPAG, University of Oxford, Oxford, United Kingdom, 2Sir William Dunn School
of Pathology, University of Oxford, Oxford, United Kingdom, *Department of
Clinical Neurology, University of Oxford, Oxford, United Kingdom

Parkinson’s Disease (PD) is a common neurodegenerative disease,
affecting more than 1% of the aged population. The identifica-

tion of several genetic mutations associated with PD has lead to
the discovery of important pathological mechanisms, which now
have the potential to help better understand the pathology of
most common idiopathic forms of PD. Recent clinical evidence has
shown an association between mutations in glucocerebrosidase
(GBA) and PD. In fact, heterozygous GBA mutations represent the
highest risk factor for PD. Accumulation of misfolded proteins is a
common pathology in PD, and GBA could be important for protein
degradation via the lysosomal pathway. We aim to elucidate the
role of heterozygous GBA mutations in the pathology of PD, by
focusing on lysosomal dysfunction in the context of autophagy and
translate these same mechanisms into the context of idiopathic
PD. The Oxford Parkinson'’s disease Centre has screened around
600 patients for two common GBA mutations (N370S and L444P).
Positive cases (11 N370S and 6 L444P) have been identified by spe-
cific restriction enzyme digestion and sequence analysis. Several
idiopathic PD patients and age matched healthy controls have

also been recruited for this project. Neuronal cultures derived from
induced pluripotent stem cells (iPSC) generated from PD patients
potentially offer unique insights into the dysfunction of the dopa-
mine neuronal network which occurs in PD. Therefore, PD (idio-
pathic and GBA carriers) and control iPSCs have been generated by
retroviral delivery of reprogramming factors (Oct3/4, Sox2, c-Myc,
KIf4 and Nanog) to primary dermal fibroblasts. We have optimized
an efficient protocol for the specific differentiation of dopaminergic
neurons from iPS cells. Initially, SMAD signalling inhibition (Noggin
and SB431542) was applied, followed by neuralisation using SHH,
AA, BDNF and FGF8. Final midbrain maturation was obtained by
the addition of CAMP and GDNF. Neurons developed a mature neu-
ronal morphology, with the majority expressing neuronal markers
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(TuJl, MAP2, NeuN). Further characterization showed a consistent
high expression of TH and other relevant midbrain markers (eg.
DAT, En1, Nurr1, Pitx3 and FoxA2). Functional dopamine transporter
was confirmed by 3HDA uptake assay, and production of dopamine
was confirmed by HPLC analysis. Electrophysiology studies also
confirmed efficient electrical activity by these cells, presenting a
healthy negative resting membrane potential, Na+ and K+ channel
activity and development of action potentials when stimulated.
Using this stem cell based model we have confirmed the dopa-
minergic identity of the differentiated cells obtained, and have
been working on functional comparison between idiopathic and
age-matched control focusing initially on dopamine homeostasis.
Potential lysosomal deficits, which may be impaired in both GBA
and idiopathic DA neurons, are currently under investigation,
looking into levels of lysosomes and autophagosomes production,
fusion and transport. Common molecular pathways are likely to

be involved in the neurodegenerative process of diverse PD cases,
where this relevant human neuronal stem cell based model might
be central to understanding the early pathology of PD.

Poster Board Number: T-1026

SMALL MOLECULES ENABLE HIGHLY EFFICIENT
NEURONAL CONVERSION OF HUMAN
FIBROBLASTS

Ladewig, Julia, Mertens, Jerome, Kesavan, Jaideep, Doerr, Jonas,
Poppe, Daniel, Glaue, Finnja, Herms, Stefan, Koch, Philipp, Briistle,
Oliver

Univ of Bonn, Bonn, Germany

Advances in transcription factor-based cell reprogramming of
somatic cells into pluripotent and alternative somatic fates have
changed our view of a unidirectional way of cell specification.
Results of recent studies indicate that murine and human cells from
the mesodermal lineage (fibroblasts) can be directly converted to
an ectodermal lineage (neurons) with a cocktail of defined tran-
scription factors. Since neurons are postmitotic, the conversion effi-
ciency represents an important parameter for subsequent biomedi-
cal applications such as disease-modeling or neuroregenerative
therapies. We set out to explore whether the efficiency of convert-
ing human postnatal fibroblasts (HPF) into induced neuronal-like
cells (iNs) can be enhanced by small molecules in combination
with a minimum number of transcription factors. To that end we
combined two factor neuronal programming with small molecule-
based inhibition of WNT and BMP signaling. Thereby we were able
to generate cells exhibiting morphological, immunocytochemical
and functional properties of postmitotic neurons of different neu-
rotransmitter phenotypes with an up to >17fold increase in conver-
sion frequency. Specifically, we could generate iNs with conversion
yields exceeding 200% and final neuronal purities of up to >80%.
Our data demonstrate that the generation of iNs from HPF can be
significantly enhanced using a cocktail of neural inducing factors.
We expect this experimental approach to be suitable for the direct
generation of bulk quantities of human iNs for disease modeling
and other biomedical applications.
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DEVELOPMENT OF A HUMAN EMBRYONIC STEM
CELL-BASED DISEASE MODEL FOR AMYOTROPHIC
LATERAL SCLEROSIS.

Goparaju, Sravan K.', Wada, Tamaki?, Tooi, Norie', Aiba, Kazuhiro',
Nakatsuji, Norio®

'Nakatsuji G, Institute for Integrated Cell-Material Sciences (iCeMS), Kyoto,
Japan, 2Stem Cell and Drug Discovery Institute (SCDI), Kyoto University, Kyoto,
Japan, ’Institute for Integrated Cell-Material Sciences (iCeMS), Kyoto, Japan

Generation of amyotrophic lateral sclerosis (ALS) disease models

is an important subject for investigating disease mechanisms and
pharmaceutical applications. Transgenic mice expressing mutant
form(s) of superoxide dismutase (SOD1) can lead to the develop-
ment of ALS that closely mimics the familial type of the ALS (FALS).
Although SOD1 mutant mice show similar phenotypes to FALS, the
difference of species, dissimilar drug responses as well as the size
differences limit their usefulness to study the mechanism(s) and
identify potential therapeutic compounds. Development of an in
vitro model system for ALS is therefore expected to overcome some
of the above limitations and help in obtaining novel insights into
disease mechanisms and discovery of therapeutics. We established
an in vitro FALS model from human embryonic stem cells (hESCs)
expressing either a Wild Type (WT) or a mutant SOD1 (G93A) gene
and evaluated the phenotypes of the spinal motor neurons (sMN),
which are the affected neurons in ALS patients, as well as their sus-
ceptibility to degeneration. Transgenic hESC clones were generated
by transfection of vectors expressing either a WT or a G93A SOD1
mutant gene. Spinal motor neurons were obtained by a differentia-
tion protocol described earlier [1]. Cell biological assays were per-
formed to evaluate the in vitro FALS model. The in vitro model we
developed mimics the in vivo human ALS disease in terms of the

1. Selective degeneration and cell death of spinal motor neurons
expressing the G93A SOD1 but not those that express the WT gene,
2. susceptibility of SOD1-derived sMN to form ubiquitin aggregates.
We also show the involvement of astrocyte-derived factor(s) in

the selective degeneration of G93A SOD1 sMN. Thus, this model is
expected to help unravel to disease mechanisms involved in the
development of FALS and also lead to potential drug discoveries
based on the prevention of neurodegeneration

References: [1]Wada T et al: Highly efficient differentiation and
enrichment of spinal motor neurons derived from human and
monkey embryonic stem cells. PLOS one, 4(8), €6722, 2009.

Poster Board Number: T-1028

OPTIMIZATION OF NEURONAL CULTURES
DERIVED FROM HUMAN INDUCIBLE PLURIPOTENT
STEM CELLS FOR HIGH TRHOUGHPUT
FUNCTIONAL SYNAPTIC ACTIVITY ASSAY

Laeng, Pascal, Hempel, Chris M., Mann, James J., Cottrell, Jeffrey R,,
Gerber, David J.

Cellular and Molecular Pharmacology, Galenea Corp., Cambridge, MA, USA

Background: We previously described the development of a high-
throughput screening technology for identifying modulators of
synaptic function, termed the MANTRA™ (Multiwell Automated
NeuroTRansmission Assay) system (Hempel CM et al., 2011). We
have demonstrated the utility of the MANTRA system for perform-
ing assays of synaptic vesicle cycling in rodent primary neuronal
cultures in 96-well plates. Here, we show that cultures of human
neurons derived from induced pluripotent stem cells (iPSCs) can be
utilized in the MANTRA system for synaptic functional assays. Re-
sults were compared to those generated from rat primary neuronal

cultures. Methodology: Post-mitotic human neurons derived from
iPSCs (“iCell® Neurons’, Cellular Dynamics International, USA) and
primary neuronal cultures isolated from rat embryos were seeded
in 96-well plates (Greiner) coated with poly-D-lysine with or without
laminin. For some experiments, iCell Neurons or rat neurons were
cultured with astrocytes grown as a monolayer. iCell Neurons and
rat neuronal cultures were seeded on the same plates and tested in
parallel. For analysis of ability of neurons to initiate action poten-
tials following field stimulation, neurons were loaded with Fluo-4.
For analysis of presynaptic function, cultures were infected with

an adeno-associated virus (AAV) used to deliver a synaptophysin-
pHluorin fusion fluorescent reporter construct (sypHy). Cultures
were analyzed between 2 and 7 weeks in vitro on the MANTRA
system or on a fluorescence microscope imaging system. For both
systems, fluorescence imaging was performed in parallel with field
stimulation trains. Immunofluorescence analysis was performed at
different time points to evaluate the expression and localization of
presynaptic proteins and the sypHy reporter. Results: We found that
iCell Neurons exhibit expected neuronal and synaptic morphol-
ogy and can be reliably transduced with AAV to express sypHy as
early as 2 weeks in vitro with no signs of cytotoxicity. Immunos-
taining analysis revealed that sypHy is expressed in iCell Neurons

in a punctuate pattern and is co-localized with synapsin I. iCell
Neurons showed robust Ca2+ responses to field stimulation trains
with voltage thresholds similar to those of rat neurons, suggesting
reliable generation of action potentials. iCell Neurons at 3-6 weeks
in vitro displayed measureable levels of evoked presynaptic activity
on the MANTRA system. Follow up high-resolution microscope
analysis confirmed the synaptic localization of sypHy signals in iCell
Neurons. Although pre-synaptic responses were lower in iCell Neu-
rons than in rat neuronal cultures several conditions were found

to increase the response levels. Treatment of iCell Neurons for 1
hour with a compound known to increase evoked pre-synaptic
activity yielded similar presynaptic effects on human iCell Neurons
and rodent primary neuronal cultures. Also, co-culturing of iCell
Neurons with glia resulted in a robust increase in evoked presyn-
aptic responses. Conclusions: The MANTRA system can measure
synaptic activity in human neurons derived from iPSCs. The high-
throughput capacity of this system provides a unique capability

to test multiple conditions in parallel to generate human iPSCs-
derived neurons with optimal synaptic functionality. Ultimately, the
MANTRA system can be used to characterize synaptic abnormalities
in neurons derived from patients and to screen for compounds to
restore normal synaptic transmission.

Poster Board Number: T-1029

CD81 IS HUB REGULATOR IN HUMAN NEURAL
STEM CELL MIGRATION

An, Jeung Hee', Lee, Soo Youn?, Yang, Jae Won?, Choi, Jeong-Woo'

'Chemical & Biomolecular Engineering, Sogang University, Seoul, Korea,
Republic of, °Neuroscience Graduate Program and Brain Disease Research
Center, School of Medicine Ajou University, suwon, Korea, Republic of

Tetraspanin proteins have been implicated in many cellular activi-
ties, including adhesion, migration, and proliferation, however their
exact function is unknown. Specifically, CD81 (TAPA-1) has been in-
volved in cell migration. But mechanisms are poorly defined in any
of stem cells. We describe a novel mechanism whereby the CD81
can affect cell motility and induce migration onto ECM substrates in
HNSC(Human Neural Stem Cell). RT-PCR and Western-blot analysis
confirmed CD81 expression in HNSC. Immunoprecipitation analysis
confirmed CD81 interactions with MMP-9 and integrin beta 1 in
HNSC. Also, the expression of the CD81, MMP-9 and integrin beta1
correlated with the HNSC migration. These results demonstrate

11
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that CD81 is key receptor in HNSC migration. The shRNA-mediated
CD81 downregulation effectively reduced MMP-9 binding to

the cell surface, which inhibited the migration of HNSC. Also, We
performed Western-blot. That results show that CD81 stimulates
the activity of ERK/MAPKinase in HNSC. Linked with this event, we
observed an increase in CD81-associated phosphatidylinositol 3 -
kinases activity and mTOR. Our results demonstrate that CD81 as
a cell surface binding partner for MMP-9, regulating cell migration
and adhesion via intergrin betal modulation of tetraspanin/integ-
rin signaling complex. Also, it is well established that CD81 is Hub
regulator in cell migration in HNSC cell migration.

Poster Board Number: T-1030

HUMAN CORD BLOOD DERIVED MULTIPOTENT
STEM CELLS (CB-SC) TREATED WITH ALL TRANS
RETINOIC ACID (ATRA) GIVE RISE TO DOPAMINE
NEURONS

Li, Heng', Li, Xiaohong', Bi, Jianfen', Zhao, Yong?
'Section of Neuronology, Jinan Central Hospital, Jinan, China, 2Department of
Medicine, University of lllinois at Chicago, Chicago, IL, USA

Parkinson'’s disease (PD) results from the chronic degeneration of
dopaminergic neurons. A replacement for these neurons has the
potential to provide a clinical cure and/or lasting treatment for
symptoms of the disease. Human cord blood-derived multipotent
stem cells (CB-SCs) display embryonic stem cell characteristics,
including multi-potential differentiation. To explore their therapeu-
tic potential in PD, we examined whether CB-SCs could be induced
to differentiate into dopamine neurons in the presence of all-trans
retinoic acid (ATRA). Prior to treatment, CB-SCs expressed mRNA
and protein for the key dopaminergic transcription factors Nurr1,
Wnt1, and En1. Following treatment with 10uM ATRA for 12 days,
CB-SCs displayed elongated neuronal-like morphologies. Immu-
nocytochemistry revealed that 48+11% of ATRA-treated cells were
positive for tyrosine hydroxylase (TH), and 36+9% of cells were
positive for dopamine transporter (DAT). In contrast, control CB-SCs
(culture medium only) expressed only background levels of TH
and DAT. Finally, ATRA-treated CB-SCs challenged with potassium
released increased levels of dopamine compared to control. These
data demonstrate that ATRA induces differentiation of CB-SCs into
dopaminergic neurons. This finding may lead to the development
of an alternative approach to stem cell therapy for Parkinson’s
disease.

Poster Board Number: T-1031

VISUALIZING GLIOMA CELL ENGRAFTMENT
TIME COURSE AND HUMAN NEURAL STEM
CELL HOMING IN A XENOGRAFT MODEL USING
PARAFFIN-EMBEDDED SERIAL SECTIONS.

Barish, Michael’, Brown, Christine', Herrmann, Kelsey', Tang, Yang?,
Argalian, Siranush’', Metz, Marianne', Gutova, Margarita', Ghoda,
Lucy', Annala, Alexander', Moats, Rex?, Aboody, Karen'

'Beckman Res Institute of City of Hope, Duarte, CA, USA, ?CHLA/Keck School of
Medicine, Los Angeles, CA, USA

Studies of tumor cell engraftment and therapeutic efficacy in
mouse xenograft glioma models commonly examine small tumor
areas from a limited number of mice, despite evidence of consider-
able heterogeneity within tumors and between recipient mice. To
be able to image entire tumors across many animals, we estab-
lished procedures using conventional histological techniques by
which engrafted tumors and neural stem cells (NSCs) could be ana-
lyzed in their entirety across multiple test animals using paraffin-
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sectioned material prepared by our local pathology core. Briefly,
brains harboring engrafted tumors and associated NSCs were
sectioned over the entire tumor. These sections were processed

for chromogenic identification of tumor cells and NSCs, and slides
spanning the entire tumor were automatically scanned at high
resolution. A subsample of sections alternately stained for tumor
and NSC markers were aligned, and segmented into tumor- and
NSC-specific channels by computational color deconvolution. Algo-
rithms developed for quantifying numbers of tumor- and NSC-oc-
cupied voxels were then used to quantify tumor volumes, numbers
of NSCs, and predicted tumor coverage of NSC-delivered therapeu-
tic agents. We used these procedures to analyze the engraftment
time course of a tumor model originating from patient-derived
tumor cells expanded in short-term culture, comparing histological
results to those obtained by MR and bioluminescence imaging. We
then examined the distributions of NSCs that intrinsically home to
tumor sites following intracranial or intravascular administration.
Low passage expanded patient-derived brain tumor cells (PBT017)
were orthotopically implanted in brains of adult immunodeficient
(SCID) mice. Engraftment kinetics were tracked by immunohisto-
chemistry, and by MR and bioluminescence imaging, at time points
between 1 and 9 weeks post-implantation. By all three measures
tumor growth accelerated after the first 20-30 days, and tumor
volume increased approximately 100-fold over the first 60 days.
Ferumoxytol (iron oxide nanoparticle)-labeled cells from immortal-
ized NSC line (HB1.F3.CD) were injected either by intracranial (i.c.)
or intravascular (i.v.) routes, and homing to three week-engrafted
tumors was visualized histologically four days post-NSC implanta-
tion by Prussian Blue staining. We found that NSC distributions
varied with location of intracranial injection, and, for both i.c. and
i.v. administrations, with tumor density and dispersion. Further
progress in this area will involve sampling additional time points,
examining tumor and brain heterogeneities related to these differ-
ences, and identifying signals to which the NSCs are responding.

Poster Board Number: T-1032

MODELING SPINAL MUSCULAR ATROPHY BY
KNOCKING DOWN THE DISEASE-DETERMINING
GENE IN HUMAN EMBRYONIC STEM CELLS
Wang, Zhi-Bo', Zhang, Xiaoqing? Li, Xue-Jun'

'Department of Neuroscience, Stem Cell Institute, University of Connecticut

Health Center, Farmington, CT, USA, Tongji University School of Medicine,
Shanghai, China

Establishing human cell models of spinal muscular atrophy (SMA)
to mimic motor neuron-specific phenotypes holds the key to un-
derstanding the pathogenesis of SMA. Here, we established human
embryonic stem cell lines with the knockdown of the disease-de-
termining gene, survival motor neuron (SMN). Neither neural induc-
tion nor spinal motor neuron specification is affected by knocking
down of SMN. Notably, knocking down of SMN-full length (SMN-
FL), but not SMN-delta 7 (lacking exon 7), results in impaired axonal
outgrowth and subsequent neuronal degeneration. Moreover, all
these phenotypes are specific to spinal motor neurons and can be
rescued by restoring the expression of SMN-FL. Finally, in human
motor neuron progenitors before the phenotype is observed,
knockdown of SMN-FL leads to the increases in mitochondria
oxidative stress and apoptosis, suggesting the involvement of
these processes in the pathogenesis of SMA. Taken together, we
demonstrate the successful establishment of a human SMA model,
which exhibits disease gene isoform specificity, cell type specificity,
and phenotype reversibility. This model provides a unique system
to study the SMN gene function in human motor neurons and to
explore how motor neurons are specifically degenerated in SMA.
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SUSTAINED CLINICAL RECOVERY FOLLOWING
INTRASPINAL TRANSPLANTATION OF HUMAN
EMBRYONIC STEM CELL-DERIVED NEURAL
PROGENITOR CELLS INTO A VIRAL MODEL OF
MULTIPLE SCLEROSIS

Chen, Lu’, Coleman, Ronald? Laurent, Louis C? Loring, Jeanne F2,
Lane, ThomasE.!
'Department of Molecular Biology & Biochemistry, University of California,

Irvine, Irvine, CA, USA, 2Department of Chemical Physiology, Scripps Research
Institute, La Jolla, CA, USA

Transplantation of human neural progenitor cells (NNPCs) is a
promising strategy for the treatment of demyelinating diseases.

In this study, we surgically transplanted hNPCs differentiated from
the human embryonic stem cell line WAQ9 into the spinal cords

of mice persistently infected with the neurotropic JHM strain of
mouse hepatitis virus (JMHV) in which demyelination and clinical
disease were established. Clinical recovery was evident in >70% of
JHMV-infected mice as early as day 8 post-transplant (p.t.) and was
sustained up to 6 months. In contrast, transplantation of human
fibroblasts did not result in any clinical improvement. At 7 days p.t.,
hNPCs were not detectable by immunohistochemistry within the
CNS and natural killer cells, microglia, and neutrophils were aggre-
gated at the implantation site, suggesting that rejection of hNPCs
was mediated by the innate immune response. Mice were sacrificed
at 21,90, and 180 days p.t. and the effects on spinal cord pathology
and neuroinflammation were evaluated. The hNPC treatment dra-
matically reduced both the spread of demyelination (as determined
by Luxol fast blue staining) and neuroinflammation compared to
control mice. Flow analysis and immunochemical staining revealed
significantly less T cell infiltration and macrophage/microglia
activation within the spinal cords of hNPC-transplanted mice
compared to control mice. Co-culture of hNPCs with T cells purified
from JHMV-infected mice resulted in dose-dependent dampening
of T cell proliferation. Collectively, our results indicate that hNPCs
are immunosuppressive and highlight that intraspinal instilla-

tion mutes the severity of neuroinflammation and demyelination,
resulting in prolonged clinical recovery. These observations provide
further support for hNPCs in treating inflammatory neurodegen-
erative diseases such as MS.

Poster Board Number: T-1034

CHANGE IN FUNCTIONAL PURINERGIC SIGNALING
WITH COMMITMENT TO THE NEURONAL LINEAGE
IN HUMAN FETAL CORTICAL NEURAL PRECURSOR
CELLS

Lovelace, Michael D.', Allen, David G.2, Weible Il, Michael W3, Wiley,
James S#, Chan-Ling, Tailoi'

'Discipline of Anatomy & Histology and Bosch Institute, Sydney Medlical School,
The University of Sydney, Sydney, Australia, *Discipline of Physiology and Bosch
Institute, Sydney Medical School, The University of Sydney, Sydney, Australia,
3Biomolecular & Physical Sciences, Griffith University, Brisbane & Discipline

of Anatomy & Histology, The University of Sydney, Sydney, Australia, *Florey
Neuroscience Institutes, University of Melbourne, Melbourne, Australia

Adenosine triphosphate (ATP) signals via P2X and P2Y purinergic
receptors, and has important roles in neural stem cell (NSC) prolif-
eration and differentiation in rodents. During neuronal differentia-
tion, ATP release decreases and purinergic receptor expression is
downregulated, leading us to hypothesise purinergic signaling
may have significant roles in human neurodevelopment. This study
used calcium (Ca?*) imaging of cultured human neural precursor

cells (hNPCs) in adherent neurosphere monolayers from human
fetal cerebrum. hNPCs showed a rapid, substantial increase in
intracellular Ca** ([Ca®*]) in response to ATP, adenosine diphosphate
(ADP), 2-methylthioATP (2-MeSATP), uridine triphosphate (UTP)

and uridine diphosphate (UDP). The response was predominantly
from thapsigargin-sensitive intracellular stores. ATP-stimulated cells
showed 3 distinct responses (single, double or multiple [Ca**], rises);
the latter an oscillatory response which propagated between ad-
jacent cells. Post Ca?*-imaging immunostaining revealed ADP and
ATP evoked oscillations in immature nestin*/s1003+/BllI-tubulin*
hNPCs whereas nestin’/s10037/plll-tubulin* immature neurons
never oscillated and showed lower responses. Application of the
P2Y1-receptor antagonist (MRS2179) reduced the ADP response
and oscillations. The P2X1/P2X3 agonist (a,-methylene ATP) and
the P2X7 agonist (BzATP) showed low to moderate responses. The
delayed BzATP response was characteristic of P2X7 receptor pore
opening, and two specific P2X7 receptor antagonists significantly
reduced both responses, confirming the specificity of the response
to the P2X7 receptor. Immunostaining confirmed the expression of
P2Y1, P2X1, P2X3 and P2X7 receptors. This is the first identification
of functional P2Y and P2X receptors in hNPCs and immature neu-
rons, and provides unique insights into the developmental changes
which occur with commitment to the neuronal lineage.

Poster Board Number: T-1035

BAC-BASED ASSESSMENT OF PROTEIN-PROTEIN
INTERACTIONS IN HUMAN PLURIPOTENT STEM
CELL-DERIVED NEURAL STEM CELLS AND THEIR
NEURONAL PROGENY

Doerr, Jonas M.', Hein, Marco Y., Poser, Ina3, Solovei, Irina*,
Mertens, Jérdbme', Leonhardt, Heinrich®, Hyman, Anthony A2, Mann,
Matthias?, Koch, Philipp’, Bristle, Oliver'

'Institute of Reconstructive Neurobiology, Bonn, Germany, °Max Planck Institute
of Biochemistry, Martinsried, Germany, *Max Planck Institute for Molecular

Cell Biology and Genetics, Dresden, Germany, “University of Munich (LMU)
Biozentrum, Department of Biology Il Anthropology & Human Genetics,
Martinsried, Germany

Protein interaction studies represent a powerful tool to study cell
signaling cascades, cell-cell interactions as well as principles of
signal transduction mechanisms. Up to today, the majority of hu-
man interactome studies were conducted based on overexpression
paradigms in tumor cell lines. Commonly encountered problems in
this context are unspecific interactions due to supra-physiological
protein expression levels, the use of transformed cells and a non-
tissue specific proteome. Ideally, protein-protein interaction data
should be generated in the appropriate tissue-specific somatic

cell expressing the protein of interest at endogenous expression
levels. Here we used pluripotent stem cell-derived neural stem cells
(It-NES®; Koch et al., PNAS 106:3225-30, 2009) as a somatic stem
cell population, which exhibits extensive self-renewal, clonoge-
nicity and stable neurogenesis. The introduction of GFP-tagged
proteins via bacterial artificial chromosomes (BAC; Poser et al., Nat.
Meth. 5:409-15, 2008) permitted the derivation of large numbers
of polyclonal cell populations (pools) with faithful protein expres-
sion in more than 90% of the cells, average integration rates of one
locus per genome as well as correct size and compartmentaliza-
tion of the tagged variants as detected by Western Blot analysis
and high-resolution live cell imaging. Using this technique, we
generated multiple cell lines harboring tagged proteins includ-

ing PCNA, JARID1C, AURKA, CDK2AP1, RBPJ, RUVBL2, the Methyl
CpG Binding Protein 2 (MECP2) involved in the pathogenesis of
Rett syndrome and the Alzheimer’s disease-associated proteins
Nicastrin (NCSTN) and Valosin-containing protein (VCP). Using
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protein-protein interaction studies with a label-free, quantitative af-
finity purification-mass spectrometry approach (Hubner et al., J Cell
Biol 189:739-54, 2010) we identified several known complexes as
well as novel interaction candidates of these proteins. The system is
sufficiently sensitive to report changes in protein expression levels
and compartmentalization during It-NES® cell differentiation and
after exposure to extrinsic factors such as inhibitors of proliferation
and modulators of cell signaling. Furthermore, we were able to
transfer this technique to iPS cell-derived It-NES® cells from patients
with Machado-Joseph disease (UbC, VCP) and Alzheimer’s disease
(VCP, NCSTN). Our data suggest that protein tagging in PSC-derived
[t-NES® cells and their neuronal progeny represents an efficient
approach for studying protein-protein interactions in human neural
cells both in normal and neurodegenerative contexts.

Poster Board Number: T-1036

GABAERGIC NEURONS DURING EARLY HUMAN
BRAIN DEVELOPMENT

Lu, Gao

Department of Anatomy, Histology & Embryology ,, Shanghai Medical College,,
Shanghai, China

Human forebrain GABAergic neurons comprise of those carry-

ing various biochemical and transmitter phenotypes, including
DARPP32 (Dopamine and Adenosine 3,5 Monophosphate Regu-
lated Phosphoprotein), somatostatin (SOM), parvalbumin (PV), and
calretinin (CR). They play versatile role in brain functions. It is not
clear if these subtypes of GABA neurons are derived from neural
progenitors in distinct regions during human development. At 7-8
gestational weeks, GABAergic neurons were observed in the ventral
telencephalon at the lateral ganglionic eminence (LGE). These GA-
BAergic projection neurons co-express Islet1 and DARPP32 but PV
and CR. Interestingly, we also observed a group of GABA neurons
at the corticostriatal border that express the cortical transcription
factors Pax6. A small part of these Pax6 immunoreactive neurons
also express DARPP32. By 8 gestational week, we began to observe
GABA neurons in MGE, LGE, and they co-express NKX2.1 . Later, we
found a goup of GABA neurons migrate to cortical plate coexpress-
ing NKX2.1 but Paxé. It suggested that altuough most part of the
GABAergic originate from ventral telencephalon, there is a small
part of GABAergic neurons born from dorsal origin.

Poster Board Number: T-1037

HUMAN NEUROEPITHELIAL STEM (NES) CELLS
-A STANDARDISED SYSTEM FOR COMPARISON
STUDIES

Falk, Anna’, Tailor, Jignesh?, Smith, Austin?

"Neuroscience, Karolinska Institutet, Stockholm, Sweden, *Wellcome Trust
Centre for Stem Cell Research, University of Cambridge, Cambridge, United
Kingdom

Robust and standardised cultures of human stem cells provide

a platform for comparison studies. Human NeuroEpithelial Stem
(NES) cells can be derived from embryonic stem (ES) cells and
induced pluripotent stem (iPS) cells. Interestingly, NES cells can
also be captured directly from the foetal human brain demon-
strating their existent during development. NES cells of different
origins display comparable characteristics including long-term
proliferation in culture without loosing their ability to differentiate
to functional neurons and glia. NES cells have a hindbrain identity
and a characteristic transcription factor profile. The consistency
between NES cells of various origins make them an interesting tool
for comparative analyses of neural cells from control and diseased
genetic backgrounds. NES cells are expanded in EGF and FGF2

14

supplemented media over 100 passages maintaining a stable
karyotype and a neuronal differentiation potential creating up to
90% neurons upon growth factor withdrawal. NES cells grow with
an organised rosette-like morphology expressing neuroepithelial
and neural stem cell markers including Sox1, Sox2, Nestin, Dach1
and PLZF. NES cell cultures are stabilised in a hindbrain positional
identity during the first 10-15 passages, expressing Gbx2, Krox20,
Irx3, and Nkx6.1.
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INVITRO AND IN VIVO DIFFERENTIATION OF
HUMAN FETAL NEURAL PROGENITORS.
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Introduction: Neural stem cells (NSC) reside within the central
nervous system (CNS), and have been propagated as neuro-
spheres (NS) in culture. They are intended for therapy particularly
in neurodegenerative diseases which are of increasing prevalence
due to aging populations in developed countries. NSC have been
isolated from several parts of the developing human fetal brain
and here, we attempt to profile these cells for CD133 expression

as well as investigate both their in vitro and in vivo differentia-

tion potential. Methods: Fetal brain tissues were collected from
medically-indicated pregnancy terminations between 13-15 weeks
gestation, with informed consent. Tissues from second trimester
subventricular zone, hippocampus, anterior and posterior cerebra,
thalamus, cerebellum, brain stem and spinal cord were minced
and dissociated enzymatically (n=4). Serum-free NS culture was
performed over 2-4 weeks, and C133 profiling performed at every
passage. Neurospheres at passage 1 were subcultured and placed
into differentiating medium to assess in vitro dopaminergic dif-
ferentiation. Concurrently, NS were also transduced green and
15X103 cells were injected into CD1 pup at E14 to determine their
in vivo differentiation. Immunocytochemistry for MAP2ab, tyrosine
hydroxylase (TH) on the cultured cells and nestin, Blll-tubulin, glial
fibrillary acidic protein (GFAP) on the animal brain sections were
performed to determine final identity of differentiated cells. Results:
We isolated NS from cells derived from the different regions of the
human fetal brain. Expression of CD133 at point of harvest ranged
from 0% and 12.5% which was observed in the spinal cord. At pas-
sage 1, expression of CD133 then ranged from 0% to 30.9% which
was observed in the cerebrum. Following that, a sharp decrease

in expression of CD133 was observed which continued through
passage 3.In vitro, dopaminergic differentiation can be observed
from all cultures derived from all regions of the fetal brain and
proportion of MAP2ab+TH+ cells ranged from 2.4+1.2% in cultures
from anterior cerebrum to 34.4+8.8% in cultures differentiated from
brain stem-derived NSC. From the in vivo data, successful engraft-
ment of labelled human neural progenitors was observed in 1 out
of the 7 pups injected. Engraftment was observed 4 weeks post
injection and stained brain sections demonstrated the differentia-
tion of the human neural stem/ progenitors into GFAP+ glial cells
and the absence of undifferentiated nestin+ human neural stem/
progenitors. Conclusion: If CD133 is a bona fide neural stem/ pro-
genitor marker, our data suggests the greatest proportion of neural
stem/ progenitors at passage 1 of NS cultures. Our differentiation
studies demonstrated the successful differentiation of these human
fetal neural stem/ progenitors into dopaminergic neurons in vitro
and glial cells in vivo.
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ACTIVATION OF RHO-A PROMOTES NEURONAL
DIFFERENTIATION FROM MICRO RNA REGULATED
HUMAN BRAIN NEURAL STEM CELLS

Hao, Hsiao-Nan', Peduzzi, Jean? Hao, Peter’, Tong, Yunlin3, Wan,
Lan*

'Department of Orthopeadic Surgery, Wayne State University, Detroit, M, USA,
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Introduction: Commitment of neural stem cells to differentiate

into functional neuronal cells is an essential step in pursuing cell
therapy for neurological disorders. Neuronal differentiation (ND) in-
volves many endogenous and exogenous steps such as cell-cycles,
intracellular signals, cell structural proteins and cell shape altera-
tions. The previously reported results suggest that both miRNA
let7s and RhoA expressions play critical roles on ND. Lower levels
of RhoA and Rho GTPases mediate cadherin adhesion molecules
to up-regulate stem cell proliferation and expansion, whereas high
levels of RhoA expression affect ND. Data from in vitro studies have
shown that ND can be directly derived from embryonic stem cell
cultures after manipulation of miRNA let7s expression. However,
there are a few reports addressing the mechanism of endogenous
signals regulating the morphological and genetic changes of hu-
man brain neural stem cell (HBSC) during ND. Furthermore, how
miRNA let7 and RhoA initiate and govern final ND from HBSC also
remains unclear. The purpose of this study was to observe the ND
from HBSC culture treatment by the miRNA let7/RhoA expression
enhancers such as 3-1 integrin and EphrinA1 respectively. Results:
To further understanding, the molecular mechanism of ND from
HBSC (nestin*/CD133*) gene and protein expression profiles of
HBSC treated with or without -1 integrin and EphrinA1 were ana-
lyzed using cDNA microarray representing 11000 mRNAs. The sig-
nificant alterations in RhoA and RhoA-Rho kinase (RAK) expression
levels were also confirmed using RT-PCR, Northern blotting and
protein assays. OCT4, SOX2 and Nonog were expressed differently
between the cell treated with and without -1 integrin and Eph-
rinA1. Compared with non-treated cultures, both RhoA and RAK
genes were up-regulated respectively (4 to 7 times respectively)
after B-1 integrin and EphrinA1 treatment. We also found that both
OCT4 and SOX2 expressions increase following elevated Rho/RAK
expression. Neuronal specific protein markers (such as Hu, Neu-N,
NF-L, N-cadherin, B-1ll Tubulin and MAP-2) were positively detected
in the up-regulated RhoA cultures. In contrast, suppression of the
RhoA and RAK mRNA expression with anti-RhoA/RAK antisenses
significantly suppresses the ND. These data suggest that the RhoA/
RAK signaling pathway is critical for ND differentiation. However,

to confirm that the differentiated cells are the functional neuronal
cells will require further electronic physiological functional test.
Material Methods: Cell culture Protocols for human fetal brain cell
isolation, primary cell culture maintenance and differentiation, have
been proved by IHC of WSU and Guangzhou 34air force hospital.
miRNA expression profiling Total RNA samples were extracted from
untreated NSCs, cells treated with Let7 oligonucleotide or -1 inte-
grin for 5 days, and cells cultured within serum-free medium for 7
days. Detection of NSC and neuronal mRNA and protein expression
from cell cultures The transcription levels of nestin and neuronal
specific protein makers were analyzed by reverse transcriptase (RT)-
PCR and immunocytochemistry stains.
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MRITRACKING OF FERUMOXYTOL-LABELED
HUMAN NEURAL STEM CELLS: IMPLICATIONS FOR
CLINICAL USE

Gutova, Margarita
Neurosciences, City of Hope National Cancer Center, Duarte, CA, USA

Stem cells are under investigation as therapeutic agents for
multiple types of cancers, including gliomas. A first-in-human
study of neural stem cell (NSC)-mediated treatment of recurrent
glioma is currently in Phase I clinical trial. Monitoring the move-
ments and fates of therapeutic stem cells in patients is critically
needed in cell-mediated therapies, however such methodology
has not been developed yet. A promising method for monitoring
NSCs involves loading the cells with iron nanoparticles to enable
subsequent tracking of their migration and tumor distribution
over time with magnetic resonance imaging (MRI), which would
allow for optimization of treatment regimens and strategies. In this
study we evaluated the pre-clinical safety of labeling NSCs using
a recently developed method for iron labeling of stem cells using
the combination of heparin (H), protamine (P) and ferumoxytol
(F) (HPF) and optimized MRI monitoring of HPF-labeled NSCs in
vivo. HPF labeling of NSCs with nanocomplexes did not affect cell
viability, growth kinetics or tumor tropism when tested in vitro
and in vivo. MRI revealed dynamic in vivo NSC tumor tropism at
multiple time-points after intracranial or intravenous injection of
NSCs into glioma-bearing mice that correlated with data obtained
by histological examination. Intracranial administration of HPF-
labeled NSCs did not cause clinical or behavioral changes in mice,
no accumulation of iron was observed in the liver and spleen, and
no local neuronal or systemic toxicities were detected. This study
is a significant contribution to development of using HPF-labeled
NSCs in clinical settings for treatment of brain tumors and other
therapeutic indications.
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BIDIRECTIONAL CONTROL OF THE COMPETENCE
OF MOUSE AND HUMAN NEURAL STEM CELLS

Kaneda, Hayato', Nakamura, Shiho', Igarashi, Mana?, Shimazaki,
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Central nervous system (CNS) injury and disease have gained new
prominence in modern medicine. According to the recent progress
in stem cell biology, human neural cells can be readily obtained
from induced pluripotent stem cells (iPSCs) and induced neuronal
cells (iNCs). These are expected as innovative sources of biological
materials for transplantation therapy and drug screening. However,
the specific and efficient induction of homogeneous target cell
populations remains difficult due to following reasons: (1) the neu-
ropotency of neural stem cells (NSCs) often depends on epigenetic
status of iPSC origin; (2) the mechanisms of NSC cytogenesis includ-
ing spatio-temporal regulation of the differentiation potential is
quite complex; and (3) iNCs are not expandable. Here, we figured
out a solution to this problem by elucidation of molecular ma-
chinery of a novel dynamic regulatory program in NSC cytogen-
esis properties, namely the “competence change” Although we
hypothesized the “competence change” mediated by Coup-tfl and
Il (Coup-tfs) as the machinery of the temporal changes in respon-
siveness of NSCs to gliogenic cytokines in Nature Neuroscience in
2008, molecular mechanisms underlying it have been completely
unknown. NSCs diminish their neuropotency and acquire gliogenic
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competence during development, therefore, efficient induction of
neurons is difficult from NSCs after midgestation. Here, we identify
the effector for the Coup-tfs-mediated neurogenic-to-gliogenic
transition of NSC competence. Its overexpression not only impaired
the acquisition of gliogenic competence by developing NSCs, but
also restored neuropotency even in stage-progressed gliogenic
NSCs, without aberrant alterations in the epigenetic status of the
promoter of the gene for Gfap, a glial marker. The restoration of
neuropotency by inhibition of the effector was also observed in hu-
man fetal brain-derived NSCs. In the field of stem cell research, the
differentiation processes has been likely to be main focus toward
the control of cytogenesis by stem cells for their application. How-
ever, the control of differentiation processes is often dependent on
their contexts. Case in point: it is difficult to induce many neurons
from gliogenic NSCs at late developmental stage because they
already diminish their neuropotency. Therefore, the competence
regulation may open the way to maintain and recover the neuro-
genic potential of NSCs.
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ELEVATION OF REACTIVE OXYGEN SPECIES
STIMULATES THE MIGRATION OF IRRADIATED
MOUSE AND HUMAN NEURAL PROGENITOR
CELLS
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Neural progenitor cells (NPCs) migration is an essential process

for brain development. Whereas in vivo studies report abnormal
neuronal migration in cerebral cortex in mice prenatally exposed to
ionizing radiation, little is known on the consequences of irradia-
tion on NPCs migration. In this study, we showed that, twenty-four
hours after irradiation, wild type cortical mouse NPCs (mNPCs), as
well as human NPCs (hNPCs), displayed an enhanced migration
velocity associated with an elevated level of Reactive Oxygen Spe-
cies (ROS) compared to non-irradiated controls. Similar increase of
migration was observed in non-irradiated Rad54 deficient mNPCs,
cells that spontaneously exhibit a high endogenous ROS level com-
pared to wild type mNPCs. In these different cellular models, the
antioxidant NAC treatment restored migration capacities similar to
that observed in non-irradiated wild type NPCs. These data suggest
that the oxidative stress generated after a y-irradiation or endoge-
nously found in Rad54 deficient NPCs, is able to stimulate migration
of NPCs cells. Using NPCs from WT/Fucci and Rad54/Fucci mice, that
permit us to visualize nuclei in S/G2 or in G1 phase respectively by
green or red fluorescence, we found that the increase of migration
velocities reported in irradiated NPCs or in Rad54 mNPCs was not
associated with a modification of cell cycle progression. Lastly, we
evaluated the effect of y-irradiation on NPCs migration on organo-
typic brain slice and after intracranial transplantation of GFP NPCs.
These in vivo experiments definitively showed that oxidative stress
resulting from y-irradiation enhanced migration of both mouse and
human embryonic neural progenitor cells.
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CELL LINEAGE TRACING OF SOX2 EXPRESSING
CELLS IN THE ADULT MOUSE BRAIN
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Sox2 encodes a transcription factor which plays important roles

in regulating neural development. It is also believed that Sox2 is
one of the neural stem cell markers in the adult brain. There are
two major neurogenesis zones in the mouse brain, which include
subgranular zone of hippocampal dentate gyrus and subventricular
zone of lateral ventricle. Here we take a genetic approach to label
Sox2 positive cells in the adult mice brain by crossing a Sox2-
CreERT2 transgenic mouse with an inducible organelle specific dual
fluorescent protein reporter mouse (R26RGR). The dual fluores-
cent proteins are encoded by an inducible transgenic construct
(H2B-EGFP-2A-mCherry-GPI) placed in the Rosa26 locus. The
H2B-EGFP encodes a histone protein fusion with an enhance green
fluorescent protein which allows us to observe chromatin in the
nucleus, providing cell cycle information including mitosis, while
mCherry-GPI encodes red fluorescent membrane anchored protein
depicting cellular locations and morphologies. Under the induction
of tamoxifen at the adult stage, we can label Sox2 positive cells,
putative neural stem cells and trace their descendents in vivo.
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EXPRESSION PATTERN OF GFP DRIVEN BY FGF1
PROMOTER IN F1B-GFP TRANSGENIC MICE
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Fibroblast growth factor 1 (FGF1) is expressed predominantly in
the neural tissues, such as brain and retina. In the normal mouse
brain, FGF1 expression can be detected in the sensory and motor
nuclei in the brain stem, cerebellum and substantia nigra. FGF1 has
been shown to maintain self-renewal and multipotent capacities
of neural stem/progenitor cells (NSPCs) in vitro. Previous studies
showed that 571-bp (-540 to +31) sequence of the brain-specific
FGF1 promoter (F1B) is sufficient to drive the expression of a heter-
ologous luciferase reporter in cultured cells. Also, F1B, as the major
transcript of FGF1 gene, is expressed in brain areas that are known
to be abundant for NSPCs in vivo. In order to identify the function of
F1B in brain, we generated F1B-GFP transgenic mice, which contain
571-bp F1B promoter sequence and fused to green fluorescent
protein (GFP) as a reporter gene. Southern blots showed higher
intensity signals in #115G F1B-GFP mice than other founders, indi-
cating the #115G contains a higher copy number of the transgene.
We further extracted total RNAs from brains of 8-week old mice.
Using reverse transcription and PCR techniques, we found that GFP
was expressed in whole brain. Immunohistochemistry (IHC) was
conducted to label the F1B-GFP+ cells in mouse brains. The IHC
results from tissue sections of 12-week old mouse brains showed
F1B-GFP+ cells expressed in two population of cells. One popula-
tion of F1B-GFP+ cells were ependymal cells which resided in ven-
tricle system, including lateral ventricles (LV), dorsal third ventricle
(D3V), third ventricle (3V), aqueduct (Aq) and central canal (CC). The
second population of F1B-GFP+ cells was neural cells. We found
that a part of F1B-GFP+ cells can express the dopaminergic neuron
marker, tyrosine hydroxylase. In addition, we showed that F1B-Cre
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transgenic mice, mated with Rosa26 transgenic mice to detect
B-galactosidase activity, also exhibited the same expression pattern
as F1B-GFP mice. Taken together, we successfully used mouse as an
animal model to express human gene promoter, F1B, and the F1B-
GFP+ cells are ependymal and neural cells. This F1B-GFP transgenic
mouse might provide a novel tool to understand FGF1 function in
brain development and in related diseases.
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ENHANCED IL-1BETA PRODUCTION IN RESPONSE
TO THE ACTIVATION OF HIPPOCAMPAL GLIAL
CELLS IMPAIRS NEUROGENESIS IN AGED MICE
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A variety of mechanisms that contribute to the accumulation of
age-related damage and the resulting brain dysfunction have been
identified. Recently, decreased neurogenesis in the hippocampus
has been recognized as one of the mechanisms of age-related brain
dysfunction. However, the molecular mechanism of decreased
neurogenesis with aging is still unclear. In the present study, we
investigated whether aging decreases neurogenesis accompanied
by the activation of microglia and astrocytes, which increases

the expression of IL-1beta in the hippocampus, and whether in
vitro treatment with IL-1beta in neural stem cells directly impairs
neurogenesis. lonized calcium-binding adaptor molecule 1 (Iba1)-
positive microglia and glial fibrillary acidic protein (GFAP)-positive
astrocytes were increased in the dentate gyrus of the hippocampus
of 28-month-old mice. Furthermore, the mRNA level of IL-1beta
was significantly increased without related histone modifications.
Moreover, a significant increase in lysine 9 on histone H3 (H3K9)
trimethylation at the promoter of NeuroD (a neural progenitor cell
marker) was observed in the hippocampus of aged mice. In vitro
treatment with IL-1beta in neural stem cells prepared from whole
brain of E14.5 mice significantly increased H3K9 trimethylation

at the NeuroD promoter. These findings suggest that aging may
decrease hippocampal neurogenesis via epigenetic modifications
accompanied by the activation of microglia and astrocytes with the
increased expression of IL-1beta in the hippocampus.
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INDUCED NEURONAL CELLS FROM AGING MOUSE
FIBROBLASTS

Ahlenius, Henrik, Chanda, Soham, Stidhof, Thomas C., Wernig,
Marius
Stanford University, Stanford, CA, USA

Defined sets of transcription factors have recently been used to
convert mouse and human fibroblasts into cells with neuronal
characteristics. These induced neuronal cells (iN cells) show all
hallmarks of normal mature neurons. However, it is still unknown

if iN cells can be generated from aged cells and whether there are
any changes in reprogramming efficiency or function of aging iN
cells. Aging is associated with declined cognitive function, changes
in neural plasticity and reduced neurogenesis. On the other hand it
is difficult to study intrinsic neuronal properties of aged mammals.
It is virtually impossible to culture aged neurons; it is hard to isolate
them in high purity and challenging to assess their electrophysio-
logical properties. It would therefore be desirable to generate aged
iN cells in order to study age related changes in neurons. Here we

describe the generation of iN cells from aging, postnatal to aged 25
month old, mouse fibroblasts. Tail derived fibroblast cultures were
established from postnatal, 4 day old and 3, 10, 18 and 25 month
old mice. Fibroblasts were infected with doxycycline-inducible
lentiviral vectors carrying Brn2, Ascl1 and Myt1l and were assayed
for iN cell generation and function at 2-3 weeks after transgene
induction. iN cells were generated at similar efficiencies from adult
to aged fibroblast. The efficiency was however lower as compared
to those generated from embryonic fibroblasts. Aging iN cells were
positive for pan neuronal markers Tuj1 and Map2. They displayed
mature neuronal morphologies without any change in complexity
between age groups as assessed by neurite tracing. To probe the
functional properties of these iN cells, we next performed current-
clamp experiments. iN cells derived from different ages had similar
resting membrane potential, input resistance, and capacitance.
Upon current injection, iN cells from different ages generated
single or multiple action potentials with similar efficiency. Further-
more, the action potential threshold or amplitude did not change
significantly across all ages tested. Finally, we performed voltage-
clamp experiments to measure sodium and potassium conduc-
tance of the iN cells and found no difference between the ages. We
here show that iN cells can be generated from aged mouse fibro-
blast and suggest that these findings may be useful for studying
neuronal aging and to model age related changes in neurogenesis.

Poster Board Number: T-1048

EFFICIENT GENERATION AND DEVELOPMENTAL
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The differentiation mechanisms of basal forebrain cholinergic
neurons (BFCN) in early neural development are of special interest,
because dysfunctions of BFCN have been implicated to be involved
in cognitive impairments including Alzheimer’s disease. However,
little is known about the underlying mechanism of the develop-
ment of early-born BFCN. For the analysis of the development of
BFCN, we investigated the roles of Lhx8, which is expressed in me-
dial ganglionic eminence (MGE) and is known to positively regulate
cholinergic differentiation, using an in vitro embryonic stem (ES)
cell differentiation system to induce BFCN. To obtain BFCN from
mouse ES cells, we first differentiated ES cells as serum-free, floating
culture of embryoid body-like aggregates (SFEB) with Dkk1. Dkk1
not only increased the number of Sox1-GFP+ cells in SFEB but also
up-regulated the expression of forebrain marker, Foxg1, and a MGE
marker, Nkx2.1. Thus, we then dissociated Dkk1-treated SFEBs into
single cells and cultured them in suspension with FGF-2 to form
neurospheres and to differentiate them into BFCN. Immunocyto-
chemical analysis showed efficient differentiation into Blll-tubulin/
choline acetyltransferase (ChAT) double positive BFCN. Also, NGF
increased the number of ChAT-positive BFCN, and the expression
of chat by 40-fold, suggesting that our in vitro system is useful for
generating ChAT-positive BFCN from mouse ES cells. Next, we car-
ried out lentivirus-mediated knockdown of Lhx8 and Lhx6 by short-
hairpin RNAs (shRNAs) during neurosphere formation in our in vitro
system. Consistent with the previous reports showing a significant
decrease in the number of BFCN in Lhx8-null mice, in our system
the expression of ChAT was decreased by the knockdown of Lhx8
under differentiation conditions. These results suggest that the dif-
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ferentiation potential into BFCN is positively regulated by Lhx8.To
identify the downstream transcription factors of Lhx8, we collected
GFP-positive cells in neurospheres by fluorescence-activated cell
sorting and performed microarray analysis comparing cells infected
with Lhx8-shRNA to those infected with a control virus. As a result,
we identified 963 probes (819 genes) whose expression levels
changed more than two-folds by the knockdown of Lhx8. Among
these, we identified 54 transcription factors by gene ontology
analysis. Also, Lhx8 is expressed at 114-fold higher level in neural
progenitors prepared from forebrain at E11.5 compared with those
at E14.5; therefore we picked up 31 genes highly expressed in E11.5
neural progenitors. Future studies should include the identification
of downstream transcription factors of Lhx8 by investigating the
roles of these genes in the development of BFCN.

Poster Board Number: T-1049

JARID 2 REGULATION OF MURINE POSTNATAL
SUBEPENDYMAL ZONE NEUROGENESIS

Chang, Eun Hyuk

Department of Physiology, Anatomy and Genetics, University of Oxford, Oxford,
United Kingdom

The murine subependymal zone (SEZ) contains stem cells and
produces daily tens of thousands of neurons.. However, the
mechanisms of SEZ neural stem/progenitor cell (NSPC) mainte-
nance, differentiation and cell-fate specification are still not clear.
To understand the role of epigenetic factors in this process, we are
investigating whether Jarid2/Jumoniji is necessary for regulating
self-renewal and multipotency of SEZ NSPCs. Jarid2 interacts with
polycomb repressive complex 2 (PRC2) in embryonic stem cells to
regulate the balance between self-renewal and differentiation by
modulating pluripotency genes. The expression level of Jarid2 and
PRC2 core components such as Ezh2, Eed and Suz12 in postnatal
mouse SEZ NSPCs was previously unknown; therefore, we have
now shown their expression in vivo and in vitro as neurospheres
with gRT-PCR and Western blot. Using lentiviral-delivered shRNAs
in the SEZ neurospheres, we found Jarid2 knockdown increased
the number of neurospheres but decreased their diameter and the
number of differentiated cells. Eed knockdown in neurospheres,
however, did not show any significant difference in their self-
renewal and multipotency, compared to the scrambled control. Our
data suggest that Jarid2 is necessary for SEZ NSPC differentiation. In
addition, different neurosphere phenotypes after knocking down
Jarid2 and Eed imply Jarid2 may have as yet unknown PRC2-inde-
pendent roles to govern the postnatal SEZ NSPCs. Understanding
the role of epigenetic factors in the context of NSPC self-renewal
and differentiation has important implication for the development
of neural stem cell-based therapies.

Poster Board Number: T-1050

INVESTIGATION OF THE OPTIMAL
TRANSPLANTATION SITE OF FETAL NEURAL STEM/
PROGENITOR CELLS FOR SPINAL CORD INJURY IN
ADULT MICE.
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There were many reports that transplantation of neural stem/pro-
genitor cells (NS/PCs) promoted functional recovery in several ani-
mal models of spinal cord injury (SCl) and we have recently report-
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ed intra-lesional transplantation of NS/PCs was the most effective
compared to the other procedures; intra-thecal and intra-venous
transplantation. However, there have been no report to determine
where exactly the best transplantation site is, because previous
researchers grafted NS/PCs into various sites of injured spinal cord;
epicenter, rostral and caudal sites and so on. The purpose of this
study is to determine the optimal transplantation site of NS/PCs

for SCl in adult mice. Adult female C57BL/6J mice received 60 kdyn
contusion injuries using the Infinite Horizon Impactor after lami-
nectomy at the Th10 level. 9 days after SCI, NS/PCs derived from the
fetal transgenic mice, which ubiquitously expressed Venus and lu-
ciferase, were transplanted into the injured spinal cord at different
sites: the lesion epicenter (E-group), and 1 mm rostral and caudal
sites from the rim of the lesion (RC-group). Survival of NS/PCs was
quantitatively evaluated using in vivo bioluminescence imaging.
Motor function of hindlimbs was assessed by Basso Mouse Scale
(BMS) for 6 weeks after SCI. Thereafter, the animals were sacrificed
and immunohistochemical staining was processed for histological
analysis. There was no difference in BMS between the E-group and
RC-group. The final photon counts of the grafted NS/PCs converged
within a narrow range in the both groups, independent with the
initial photon counts. Grafted NS/PCs differentiated into neurons,
astrocytes and oligodendrocytes. In the RC-group, grafted NS/PCs
differentiated into more neurons and less astrocytes compared to
the E-group. There was no significant difference in the distribution
of the transplanted cells, positive areas of Neurofilament 200kDa
(NF-H) and platelet endothelial cell adhesion molecule-1 (PECAM-1)
between the both groups. The final photon counts were conver-
gent and independent with the initial photon counts, suggesting
that the survival of grafted NS/PCs was fairly constant if more than
a certain number of the cells were transplanted. Although the dif-
ferentiation pattern of the grafted NS/PCs were different between
the two groups, there was no significant difference in the functional
recovery and the final survival of NS/PCs. Therefore, it is estimated
that there would be no difference in microenvironment between
the epicenter, rostral and caudal sites at the sub-acute phase of SCI.
Collectively, we conclude that the optimal transplantation applica-
tion is to transplant more than a certain number of NS/PCs into the
epicenter of injured spinal cord at the sub-acute phase, considering
the additional damage of the intact spinal at the site to the lesion
epicenter by the injection procedure.

Poster Board Number: T-1051

MODULATION OF NEURAL STEM CELL
PROLIFERATION BY THE EXOGENOUS GENE
EXPRESSION ENHANCED BRAIN RECOVERY IN A
RAT MODEL OF ISCHEMIC STROKE

Yoo, Jongman, Seo, Jin-ju, Eom, Jang-Hyeon, Hwang, Dong-Youn
CHA University, Seongnam, Korea, Republic of

Brain repair after ischemic injury largely depends upon neurogene-
sis of endogenous neural stem cells, suggesting that enhancement
of neural stem cell proliferation would be a strategy for treating
many brain diseases. In a series of experiments, we tested if several
secreted proteins potentially modify brain microenvironmentin a
favorable way for neurogenesis and brain repair. For this, we over-
expressed the candidate proteins in the ischemic penumbral area
of Sprague-Dawley rats 3 days before transient middle cerebral
artery occlusion (MCAO). In another set of experiment, the secreted
factors were delivered into the brain 1 week after MCAO which cor-
responded to the subacute stage of stroke. Behavioral recovery was
assessed for 5 weeks with a battery of behavioral tests including
modified neurologic severity score (mNSS), accelerated rotarod and
foot fault tests. We found that, among the factors, SDF1 demon-
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strated a significant improvement of neurologic deficits resulting
from ischemic brain injury. BrdU-labeling experiments demonstrat-
ed newborn (BrdU+) cells in the SVZ and striatum were dramatically
increased by the exogenous SDF1 and most of the BrdU+ cells
were co-stained with doublecortin and PSA-NCAM. Convincingly,
the number of BrdU+ cells was highly correlated with the results of
behavioral tests. We also found that the number of newly formed
neurons and glial cells in the peri-infarct area was increased by the
overexpressed SDF1. In summary, we observed the therapeutic effi-
cacy of SDF1 regardless of delivery time post-stroke, indicating the
therapeutic potential of this protein in treating stroke patients of
various stages of stroke. (This research was supported by Stem Cell
Research Program (2010-0020407) funded by the Ministry of Educa-
tion, Science and Technology of Republic of Korea).
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PERLECAN IS NECESSARY FORTHE MAINTENANCE
OF CD133 EXPRESSING NEURAL STEM CELLS IN
THE ADULT MOUSE SUBVENTRICULAR ZONE.

Kerever, Aurelien’, Mercier, Frederic?, Oda, Yuka', Arikawa-
Hirasawa, Eri

'Research Institute for Diseases of Old Age, Juntendo University Graduate
School of Medicine, Tokyo, Japan, 2Department of Tropical Medicine and
Infectious Diseases, John A. Burns School of Medicine, Honolulu, Hi, USA

In the subventricular zone (SVZ) of the adult brain, GFAP+ neural
stem cells (NSCs) are tightly associated with fractones and blood
vessels basement membranes. Perlecan, a major heparan sulfate
proteoglycan (HSPG) is present in the basement membranes of the
SVZ blood vessels and in fractones. However, the role of perlecan

in the neurogenic niche has remained largely unknown. Perlecan-
null mice die at birth because of premature cartilage development.
To restore cartilage abnormalities, we created lethality-rescued
mice, which expressed recombinant perlecan in cartilage, using a
cartilage-specific Col2a1 promoter/enhancer. In this study, using
this mouse model deficient in perlecan in the adult brain, we as-
sessed the content of extracellular matrix in the neurogenic niche
and investigated the behavior of NSCs in the absence of perlecan.
We observed no obvious change in the constitution and integrity of
the blood vessel basement membranes and in the fractones of the
SVZ despite the absence of perlecan. To discriminate GFAP+ NSCs
from GFAP+ SVZ astrocytes, we used the stem cell marker CD133.
We observed a decrease in the number of CD133+GFAP+ NSCs in
the SVZ of perlecan null mice. Finally, the number of new neuro-
blasts (expressing the immature neuronal marker doublecortin) in
the SVZ and the integration of new neurons (expressing the mature
neuronal marker NeuN) in the olfactory bulb were also decreased in
perlecan null mice. These results suggest that perlecan is necessary
for the maintenance of CD133+GFAP+ NSCs population and for
neurogenesis. This study brings the first evidence of a key role of
perlecan in the adult neural stem cell niche.

Poster Board Number: T-1053

HISTAMINE PROMOTES NEURONAL
DIFFERENTIATION OF CULTURED RAT MIDBRAIN
NEURAL PRECURSOR CELLS BUT DIMINISHES
DOPAMINE NEURON NUMBERS IN VITRO AND IN
VIVO

Escobedo, Itzel, Molina-Herndndez, Anayansi, Velasco, Ivan
Neurosciences, National Autonomous University of Mexico, Mexico, Mexico

Histamine (HA) is a neuroactive molecule that is involved in the
regulation of diverse physiological functions in adult organisms,

such as wakefulness and sleep, motor activity, as well as thermic
and endocrine modulation. During central nervous system (CNS)
development, histamine (HA) is one of the first neurotransmitters
to appear, presenting higher concentrations than those observed
in the adult brain. Particularly, in the region of ventral midbrain
(VM), HA increases its concentration up to 5-fold at embryonic days
14-16 and then its levels are decreased close to birth, reaching the
low concentrations that are present in the adult brain. Interestingly,
neuronal differentiation in the VM correlates temporally with the
increase in the concentration of HA in this region. The role of HA
during brain development has been elusive. In this work, we aimed
to study the effects of HA on neural precursor cells (NPC) of rat VM
in vitro and in vivo. We analyzed the effect of several HA concentra-
tions on proliferation, differentiation and cell death of cultured VM
NPC. We found that VM cells express HA receptors, and that HA was
able to significantly increase neuronal differentiation from 21% to
37%. Pharmacological assays revealed that this HA-induced neuro-
nal differentiation is due to activation of H2 receptors. We observed
that HA increased 2-fold apoptotic cell death compared to control
conditions, evaluated by TUNEL assay. An interesting finding was
that the proportion of dopaminergic neurons was selectively and
significantly decreased after HA treatment of VM NPC. We also
evaluated the role of HA in vivo through intrauterine injections in
the developing brain, and found that HA administration decreased
the number of dopaminergic neurons in the VM, without affecting
gabaergic neurons. Taken together, these results suggest that HA
might be acting as a transient signal that modulates neurogenesis
and dopamine neuron differentiation/survival in the midbrain dur-
ing CNS development.
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REGULATION OF ADULT MOUSE NEURAL STEM
CELLS BY TLR9 MEDIATED SIGNALING.
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'"Laboratory of Molecular Neuroscience, Graduate School of Biological Science,
NAIST, Ikoma, Japan, *Laboratory of Host Defense, WPl Inmunology Frontier
Research Center, Osaka University, Osaka, Japan

Adult tissue-specific stem cells possess the ability to self-renew
and generate functionally differentiated cells that replenish lost
cells throughout an organism’s lifetime. Stem cell functions are
controlled by extracellular cues from the niche and by intrinsic
genetic programs within the cells. Recent studies have shown that
the adult mammalian brain retains neural stem cells (NSCs) in the
subventricular zone (SVZ) of the lateral ventricle and subgranular
zone (SGZ) of the hippocampal dentate gyrus. NSCs generate three
major cell types in the central nervous system (CNS), i.e., neurons,
astrocytes and oligodendrocytes. It has been shown that their
differentiation is strongly influenced by local environment and
extracellular cues from such as Wnt produced by surrounding as-
trocytes. Microglia is a bone marrow-derived macrophage-like cell
that plays an important role in brain immunity. We have previously
found that microglia are localized adjacent to NSCs in the SGZ of
the hippocampal dentate gyrus. This finding implies that, similarly
to astrocytes, microglia can also affect the behavior of NSCs as a
niche component. In epileptic conditions, activation of microglia
occurs concomitantly with the increase in NSC proliferation,
tempting us to hypothesize that NSC proliferation is increased
by as yet unknown factors derived from microglia. To examine
this hypothesis, we focus on Toll-like receptors (TLRs), since they
have been known to activate microglia leading to the massive
induction of gene expression of secreted factors. TLRs have been
reported to be expressed in CNS cells, therefore we confirmed TLRs
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expression in the adult hippocampus by immunohistochemistry.
We found that TLR9 is expressed in microglia, which reside in the
SGZ.To reveal the role of TLR9 on NSC regulation in an epileptic
condition, kainate was intraperitoneally administrated to wild type
or tIr9 knockout mice. We observed that the lack of TLR9 resulted

in promotion of kainite-induced cell proliferation. As a next step,
we sought to identify the proliferating cells in t/r9 deficient mice
following seizure induction with kainite by analyzing the pheno-
type of BrdU-labeled dividing cells. We found that the majority of
these proliferating cells were neuroblasts, which are committed

to differentiate into neurons. In addition, the number of newly
generated mature neuron in the granular cell layer was significantly
increased in tir9 knockout mice compared to that in wild type mice
4 weeks after kainite-induced seizure. This finding has prompted

us to further examine whether behavior of NSCs are regulated by
TLR9 expressed in microglia. In vitro studies indicated that microglia
stimulated with TLR9 ligand released soluble factors that attenu-
ated neuronal differentiation. Taken together, these data raise a
possibility that TLR signaling in microglia regulates kainate-induced
neurogenesis in the adult mouse hippocampus.

Poster Board Number: T-1055

SUPPRESSED CYTOKINE EXPRESSION IN
NEONATAL RAT BRAINS IMMEDIATELY
FOLLOWING TRAUMATIC BRAIN INJURY
INDICATES A RAPID ENDOGENOUS ANTI-
INFLAMMATORY RESPONSE

Glover, Loren E., Tajiri, Naoki, Ernhardt, Jared, Tan, Jun, Kaneko, Yuji,
Borlongan, Cesar V.
Neurosurgery and Brain Repair, University of South Florida, Tampa, FL, USA

The timing of therapeutic intervention in neurological disorders,
especially neurotraumas such as traumatic brain injury (TBI) is
critical (Glover et al., 2012 in press), with the acute phase already
influenced by genetic and histologic perturbations including
aberrant neurovascular inflammation and apoptosis (Borlongan
and colleagues, 2009, 2010). Although immediate cell death
cascades have become established in adult TBI, the pathophysiol-
ogy underlying neonatal TBI is poorly understood. The objective of
the present study was to determine the role of cytokine regulation
following TBI in neonatal rats. Seven-day old Sprague-Dawley rats
were subjected to TBI using the controlled cortical impact (CCl) in-
jury model. Age-matched littermates that did not receive TBI served
as the control for this study. Immediately following TBI (within

15 minutes), rats were euthanized and the brains were divided

into the ipsilateral (left) and contralateral (right) hemispheres and
flash frozen in liquid nitrogen. A BioRad 23-Plex panel was used to
measure cyotkine levels. Surprisingly, the data revealed that 18 of
the 23 cytokines analyzed were significantly downregulated in the
hemisphere contralateral to the TBl impacted hemisphere. Three
cytokines, namely, IL-5, IL-6 and MIP-3a were identified as signifi-
cantly suppressed in both ipsilateral and contralateral hemispheres
of neonatal TBI rats compared to the control rats. The remaining

5 cytokines did not signficantly differ between TBI and control

rats, indicating an overwhelming downregulation of the entire
panel of cytokines analyzed here. A parallel study processing the
plasma of the same cohort of neonatal TBI and control rats revealed
neither downregulation nor upregulation of the same cytokines
analyzed in the brain tissue, suggesting a highly localized cytokine
suppression in the brain during the early injury phase that was

not reflected in the peripheral circulation. In stark contrast to the
reported early pro-inflammatory response exhibited in adult TBI,
the present neonatal TBI study demonstrated a reversed cytokine
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profile of downregulation. These results suggest a robust and im-
mediate endogenous anti-inflammatory response is mounted by
the contralateral hemisphere, a brain region remote from the site
of injury. This study demonstrates that the highly plastic neonatal
brain is equally capable of cytokine regulation following TBI, which
may be a unique feature of the young brain’s regenerative capacity.
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ADULT NEUROGENESIS AND NEURONAL
REGENERATION IN THE ZEBRAFISH BRAIN
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The subventicular zone (SVZ) of the adult mammalian brain
contains neural stem cells (NSCs) that generate neuronal progeni-
tor cells (NPCs) to be supplied into the olfactory bulb (OB) in the
physiological condition. However, brain insults such as ischemic
stroke and traumatic brain injury stimulate NSCs in the SVZ to
produce NPCs migrating to other brain regions for regeneration.
The regenerative capability of such endogenous NSCs is insufficient
to promote the functional recovery. To overcome this difficulty, we
need to understand the mechanisms of adult neurogenesis and
brain regeneration more precisely. The telencephalic ventricular
zone (VZ) of adult zebrafish, in which powerful genetic approaches
and in vivo imaging techniques are available, is an excellent com-
parative model to study the unsolved problems in neurobiology

of the mammalian SVZ. We established a zebrafish model to study
the cellular and molecular processes underlying adult neurogen-
esis and brain regeneration. Systematic immunohistochemical

and ultrastructural studies of the adult zebrafish telencephalic

VZ have revealed that its cytoarchitecture is similar to the VZ in

the developing mammalian brain. Live imaging of fluorescently-
labeled NPCs has shown that NPCs in the telencephalic VZ migrate
along the blood vessels to the OB in adult zebrafish. Telencephalic
injury induced coordinated cellular processes that underlie neu-
ronal regeneration: the up-regulated proliferation of NPCs in the
telencephalic VZ and the differentiated NPCs into mature neurons
at the injury site. Eventually, the adult zebrafish brain appeared fully
repaired within a month after the lesion. Moreover, we compared
neurogenesis in the telencephalic VZ of young adult, mid-age, and
elderly zebrafish. The number of NPCs migrating towards the OB
was gradually decreased with age. The capacity for neuronal regen-
eration after telencephalon injury was also lower in aged fish. Clari-
fying the common and distinct mechanisms of adult neurogenesis,
identified by the comparative studies of zebrafish and mammalian
brains, may be useful to develop regenerative therapies for neuro-
logical diseases.
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GENE THERAPY USING WNT3A CONTRIBUTES
TO FUNCTIONAL RECOVERY AND ENHANCES
NEUROGENESIS IN FOCAL ISCHEMIC INJURY IN
MICE

Shruster, Adi, Ben-zur, Tali, Barhum, Yael, Offen, Daniel
Tel Aviv University, Petha Tikva, Israel

Background: Stroke potently stimulates cell proliferation in the sub-
ventricular zone (SVZ) of the lateral ventricles. SVZ neuroblasts than
migrate to the injured striatum and cortex; however, most of the
cells do not survive and mature. Recent studies have demonstrated
that Wnt signaling promote adult neurogenesis in the subgranu-
lar zone (SGZ) of the dentate gyrus in the hippocampus and the
SVZ. However, it remains unknown whether overexpressing Wnt
could promote neural regeneration in the striatum and functional
recovery after ischemic injury. Here, we examined the efficacy of in-
jection into the striatum or the SVZ of a lentivirus-expressing Wnt3a
on neurogenesis and functional outcome following focal striatal
ischemic injury induced by local administration of the vasoconstric-
tor endothelin-1. Results: Treatment with Wnt3a in the striatum
significantly enhanced functional recovery after ischemic injury on
the 28th day and increased the number of BrdU-positive cells differ-
entiated into mature neurons in the ischemic striatum. Treatment
with Wnt3a in the SVZ significantly enhanced the functional recov-
ery from the second day after injury and increased the number of
immature neurons in the striatum and the SVZ on the second day
after injury. In addition, we found reduced disseminated neuronal
injury in the group treated with Wnt3a in the SVZ. Conclusions: Our
data suggests that gene therapy using Wnt3a contributes to func-
tional recovery after ischemic injury, through increasing neurogen-
esis or neuronal survival in the ischemic striatum.

Poster Board Number: T-1058

CHARACTERIZATION OF EMBRYONIC STEM CELL-
DERIVED NEURONS ON A HIGH-THROUGHPUT
AUTOMATED PATCH CLAMP SYSTEM

Jiang, Xin', Sirenko, Oksana’, Hesley, Jayne', Costantin, James',
Powe, Allan?, Stice, Steven?

"Molecular Devices, LLC, Sunnyvale, CA, USA, ArunA Biomedical, Inc, Athens,
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The advent of automated patch clamp systems has enabled the
large scale screening of compounds for effects on ion channel
activity through direct electrophysiological measurements. This
type of platform technology can accelerate the drug discovery and
development process for ion channel targets. However, the applica-
tion of automated systems is currently limited to recording from
cell lines that overexpress the ion channel of interest in a non-na-
tive context. In contrast, human stem cell-derived neurons (hSCNs)
have shown promise to be a more physiologically relevant tool for
drug discovery. Similar to primary neurons, hSCNs endogenously
express ion channels in a more native-like context, enabling better
pharmacological characterization of candidate compounds during
drug discovery. To evaluate the suitability of hSCNs for automated
patch-clamp electrophysiology studies, here we characterize the
electrophysiological and pharmacological properties of endog-
enous ion channels in human embryonic stem cell (hESC)-derived
neurons using an automated patch clamp system that measures
both ligand and voltage-gated ion channels in 384 parallel record-
ing sites. The hSCNs used for this study were derived from the
WAOQ9 (H9) hESC line and express a broad array of ion channels at
the mRNA level but have not been characterized at a functional

level. To date, we have demonstrated the functional expression of
multiple voltage-gated ion channels in these hSCNs; a full biophysi-
cal and pharmacological characterization of these and other ion
channel types expressed at the transcript level is underway. This
study demonstrates that the combination of human stem cell-
derived neurons with a high-throughput automated patch clamp
system potentially offers a powerful assay for ion channel drug
discovery in a more biologically relevant system.
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VOLUNTARY EXERCISE RESTORES THE SOCIAL
RECOGNITION IMPAIRMENT IN DOMINANT
NEGATIVE DISC1 MICE: IMPLICATION FOR
SCHIZOPHRENIA

Offen, Daniel, Segal, Hadar, Barzilay, Ran
Tel Aviv University, Petha Tikva, Israel

Background: Schizophrenia (SCZ) is a severe neuropsychiatric disor-
der affecting about one percent of the population. Current pharma-
cological treatment options have insufficient effect on negative
symptoms, such as social withdrawal, and cognitive decline. Clinical
studies indicate that physical exercise can attenuate negative
symptoms and improve cognitive deficits, possibly by enhancing
adult neurogenesis. The aim of the present study was to determine
whether voluntary wheel running can improve the SCZ-associated
phenotypes of dominant-negative DISC1 transgenic mice (DN-
DISC1). Results: DN-DISC1 and wild-type mice were placed for

14 days in an active cage with free access to a running wheel .
Thereafter, mice underwent behavioral tests and brains were pro-
cessed for tissue analysis. We could not observe differences in social
interaction between the wild type and DN-DISC1 transgenic mice.
Nonetheless, a significant deficit in social recognition was detected
in the DN-DISCT mutant mice which was markedly reversed by
voluntary exercise in both females and males. We also found that
female mice stayed in the active cage, restored the impairment ob-
served in Y maze performance which is attributed to hippocampal
dysfunction. ELISA analysis showed two fold increase in BDNF levels
in frontal cortex of WT mice after physical exercise. In contrast, in
the DN-DISC1 mice, physical exercise didn't induce the BDNF levels.
Discussion: Our preliminary results suggest that physical exercise
can attenuate the impaired social and cognitive phenotypes exhib-
ited by the DN-DISC1 mice. In parallel, we observed no alteration in
BDNF levels in the DN-DISCT mice after physical activity which may
indicate for their dysfunction in neurogenesis processes. Further
tissue analysis of the brains will be conducted in order to reveal a
possible mechanism underlying this behavioral data.

Poster Board Number: T-1060

LMX1A DEFINES MIDBRAIN DOPAMINERGIC
NEURONS: FACS AND FICTION

Hartley, Brigham J., Schmidt, E. Marina, Finnin, Ben A., Fabb,
Stewart A., Pouton, Colin W., Haynes, John M.

Stem Cell Biology Group, Drug Discovery Biology, Monash University, Parkville,
Australia

The derivation of specific neuronal subtypes from human pluripo-
tent stem cells (hPSCs) at high purity is currently hampered by the
inherent heterogeneity of existing differentiation protocols. Thus
cell grafts may be contaminated with unwanted cell types, resulting
in tumor formation and/or lack of functional integration. Isolating
committed progenitors for use in both in vitro and in vivo applica-
tions is highly attractive since their reduced structural fragility
when compared to post mitotic neurons, and proliferative potential
allows for expansion prior to use. Previous work in this laboratory
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has demonstrated the isolation of committed mouse dopaminergic
(DA) progenitors using a LIM homeobox transcription factor 1 alpha
(Lmx1a) homologous recombinant reporter cell line. Depending on
the culture method, the isolated Lmx1a+ progenitors give rise to
enriched DA neurons in terminal cultures. In this study we investi-
gate the potential of Lmx1a as a marker for the enrichment of DA
neurons from hPSCs. We report that correct regionalisation of dif-
ferentiating hPSCs during neural induction is required for the FACS
isolation of committed floorplate (midbrain) DA progenitors using a
human Lmx1a reporter cell line. These progenitors, when expanded
as neurospheres and replated, give rise to enriched populations

of functional bonafide midbrain DA neurons. Our findings show
that it is possible to define and isolate cells suitable for either cell
replacement therapies or the development of in vitro models of
neurotoxicity.
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CULTURE, CHARACTERIZATON AND
DIFFERENTIATION OF NEURAL STEM CELLS FROM
GUINEA PIGS (CAVIA PORCELLUS)
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Neurogenesis in adulthood of most mammals persists in two

main brain areas: the hippocampus dentate gyrus (DG) and the
subventricular zone of the lateral ventriculum (SVZ). This study
aimed to cultivate, characterize and differentiate neural precur-
sors of fetal guinea pigs (Cavia porcellus). Culture of cell suspen-
sions obtained from fetal SVZ were plated on Poly-Hema (Poly
[2-hydroxyethyl methacrylate]) treated flasks and maintained in
EGF and FGF-2-supplemented high glucose medium. After 7 to 10
days of culture, rounded, solid cellular aggregates with irregular
surface and variable size were observed in the supernatant. These
neurospheres (NSFs) were submitted to passages with or without
enzymatic dissociation. Non-dissociated NSFs increased in size and
number after passage whereas dissociated cells retained their pro-
liferative capacity and eventually generated new NSFs. Dissociated
and non-dissociated NSFs were frozen and thawed and the viability
pre- and post-freezing, and after 1 to 15 days were maintained.

The colorimetric method MTT revealed no differences in viability
for thawed cells, examined soon after thawing or after 1T week or 1
month of thawing. In NSF cultures submitted to differentiation in
EGF/FGF-2 deprived medium, a significant number of morphologi-
cally different, adherent cells were observed after 7 days. These cells
were positive by immunostaining for markers of neural precursors
(Nestin), neurons (B-lll-tubulina), oligodendrocytes (mGalC) and
astrocytes (GFAP). Thus, these results demonstrated the obtainance
of NSFs with progenitor potential from SVZ of guinea pig fetuses.
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ESTABLISHMENT OF INDUSED PLURIPOTENT
STEM CELL LINES FROM PARKINSON DISEASED
PATIENTS FOR MOLECULAR MECHANISMS STUDY

Lebedeva, Olga S.’, Lagarkova, Marya A2 Kiselev, Sergey L2,
Nekrasov, Evgeny D.%, Susina, Marya A.*, Chestkov, llya V.2, Vassina,
Ekaterina M.2, lllarioshkin, Sergey N., Grivennikov, Igor A.'

'Institute of molecular genetics RAS, Moscow, Russian Federation, *Vavilov's
institute of general genetics RAS, Moscow, Russian Federation, >NRC “Kurchatov
Institute’; Moscow, Russian Federation, “Moscow institute of physics and
technology, Moscow, Russian Federation, *Research center of neurology RAMS,
Moscow, Russian Federation

Parkinson’s disease (PD) is the second most common neurodegen-
erative disorder (after Alzheimer’s disease). Parkinson’s disease is a
gradually progressive, degenerative neurologic disorder. Although
typically a sporadic disease, mutations in some genes have been
identified as a cause of late-onset, autosomal dominant familial

PD that is clinically and neurochemically indistinguishable from
sporadic PD. Mutations in the leucine-rich repeat kinase 2 (LRRK2)
are the most common cause of familial and sporadic PD identified
to date. Mutation G2019S causes from 3% (Asia) to 41% (Northern
Africa) of familial PD cases. Although some progress on LRRK2
involvement in the disease progression has emerged during last
years absence of adequate model complicates investigation of
human diseases and development of novel therapies. Recent ad-
vances in cell reprogramming technologies facilitate the develop-
ment of human cell models that allows precise mechanisms disease
investigation. Using skin biopsies from PD patients with LRRK2
gene mutation (G2019S) we reprogrammed dermal fibroblasts
using lentiviral constructs carrying Yamanaka's factors (Oct4, Sox2,
KIf4, c-Myc). Obtained iPSC clones were morphologically indistin-
guishable from human embryonic stem cells colonies. We analyzed
PD patient-specific iPSC lines for the expression of main markers

of pluripotency i.e. Oct4, Sox2, Hesx1, Sall1, TRA-1-60, TRA-1-81,
SSEA4, etc. Established cell lines were also analyzed for the ability to
differentiate into the cells belonging to all three germ layers. We de-
veloped an effective protocol of iPSCs differentiation into tyrosine
hydroxylase - positive dopaminergic neurons. Generation of “dis-
eased”iPSC lines from different patients carrying common genetic
alterations allows use of phosphoproteomic approaches to identify
possible molecular pathways of disease development and to find
electrophysiological differences in neuronal network formation.

Poster Board Number: T-1063

NEURAL STEM CELLS DIRECTLY DIFFERENTIATED
FROM PARTIALLY REPROGRAMMED FIBROBLASTS
RAPIDLY ACQUIRE GLIOGENIC COMPETENCY

Akamatsu, Wado', Matsui, Takeshi', Takano, Morito?, Yoshida,
Keniji', Ono, Soichiro’, Matsuzaki, Yumi', Nakamura, Masaya?, Okano,
Hideyuki'

'Department of Physiology, Keio University, School of Medicine, Tokyo, Japan,
2Department of Orthopedic Surgery, Keio University, School of Medicine, Tokyo,
Japan

Neural stem cells (NSCs) were directly induced from mouse
fibroblasts using four reprogramming factors (Oct4, Sox2, KIf4, and
cMyc) without the clonal isolation of iPSCs. These NSCs gave rise

to both neurons and glial cells even at early passages, while early
NSCs derived from clonal ESCs/iPSCs differentiated mainly into
neurons. EGF-dependent neurosphere cultivation efficiently propa-
gated these gliogenic NSCs and eliminated residual pluripotent
cells that could form teratomas in vivo. We concluded that these
directly induced NSCs were derived from partially reprogrammed
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cells, because dissociated ESCs/iPSCs did not form neurospheres
in this culture condition. These NSCs differentiated into both
neurons and glial cells in vivo after being transplanted intracrani-
ally into mouse striatum. NSCs could also be directly induced from
adult human fibroblasts. The direct differentiation of partially
reprogrammed cells may be useful for rapidly preparing NSCs with
gliogenic competency.

Poster Board Number: T-1064

PHENOTYPIC SCREENING FOR NEUROGENESIS:
FROMIN VITROTO IN VIVO

Jagasia, Ravi', lacone, Roberto!, Ceccarelli, Simona', Knoflach,
Frederic', Christensen, Klaus', Petitjean, Pascal’, Zoffmann, Sannah’,
Chicha, Laurie', Truong, Hoa Hue', Certa, Ulrich’, Benchoua,
Alexandra?, Peschanski, Marc', Graf, Martin’

'F. Hoffmann-La Roche, Basel, CNS Res, Basel, Switzerland, ?Istem, Evry, France

One of the most remarkable forms of structural plasticity in the
adult brain is the generation of new functional neurons from adult
neural precursors cells (NPCs). There is accumulating evidence

that neurogenesis in the adult hippocampus contributes to brain
physiology and disease, but its precise physiological role remains
elusive. Conceptually, this process can be divided into four steps:

(i) proliferation; (i) neuronal fate determination; (iii) survival and
neuronal/synaptic maturation of new neurons; and (iv) functional
integration of new neurons into the pre-existing neuronal network.
Here we describe the development of phenotypic in vitro screening
assays using human embryonic stem cell derived NPCs as a cellular
model to investigate neurogenesis. Using expression profiling of
differentiating cells and exposure of NPCs to bioactive small mol-
ecules, we can demonstrate that neurogenesis relevant signaling
pathways are active in this in vitro cell model. These experiments
demonstrate that this human NPC model represents a neuronal
relevant transcriptional and biological state, which can unleash

the identification of a plethora of targets spanning the druggable
genome. We identify through a screening cascade of High-
Throughput Screening, image based High Content Analysis (neurite
outgrowth, synaptic maturation) in human NPCs and subsequently
in mouse model of adult hippocampal neurogenesis, new active
CNS compounds/targets. These compounds may help in identify-
ing novel regenerative medicines, and may ultimately elucidate
novel mechanisms modulating adult neurogenesis.
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IN VIVO FATE AND FUNCTION OF NEURAL
STEM CELL GRAFTS AND OF THE SUBSEQUENT
ENDOGENOUS BRAIN IMMUNE RESPONSES

Berneman, Zwi N.’, Praet, Jelle’, Reekmans, Kristien', De Vocht,
Nathalie?, Daans, Jasmijn', Van Der Linden, Annemie?, Ponsaerts,
Peter

"Laboratory of Experimental Hematology, University of Antwerp, Antwerp,
Belgium, 2Biolmaging Laboratory, University of Antwerp, Antwerp, Belgium

In order to understand the physiological mechanisms needed for
transplanted neural stem cells (NSC) to regenerate the injured
central nervous system (CNS), we have aimed over the past years to
determine NSC fate following in vivo grafting. For this, we estab-
lished eGFP/Luciferase-expressing adherently growing cultures of
murine embryonic (E14) brain-derived NSC, which were character-
ized by the expression of specific marker proteins and by their in
vitro tri-lineage differentiation potential. Next, the therapeutic
potential for intravenous administration of NSC was investigated
in the experimental autoimmune encephalomyelitis mouse model
for multiple sclerosis. The absence of therapeutic benefit was due

to cell retention in lung capillaries, as demonstrated by real time in
vivo bioluminescence imaging (BLI). Finally, we also investigated
the in vivo remyelination capacity of NSC upon direct grafting into
the demyelinated CNS of cuprizone-treated mice. At two weeks
post-grafting, proper differentiation and integration of grafted
NSC was hindered by strong microglial and astrocyte responses

in both healthy and demyelinated CNS tissue, as demonstrated

by quantitative in vivo BLI and histological analysis. Therefore, we
hypothesize that the therapeutic potential of NSC grafting, as
observed by other studies, cannot be accounted for by adequate
cell graft migration, survival and/or integration, but may potentially
be explained by induced inflammatory responses following cell
grafting.
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A POTENTIAL APPLICATION OF OLFACTORY BULB-
DERIVED ADULT NEURAL STEM CELLS

Kuwabara, Tomoko, Asashima, Makoto

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

Neural stem cells (NSCs), which are responsible for continuous
neurogenesis during the adult stage, are present in human adults.
Typical neurogenic regions are the hippocampus and the subven-
tricular zone; recent studies have revealed that NSCs also exist in
the olfactory bulb. Olfactory bulb-derived neural stem cells (OB
NSCs) have the potential to be used in therapeutic applications
and can be easily harvested without harm to the patient. Through
the combined influence of extrinsic cues and innate program-
ming, adult neurogenesis is a finely regulated process occurring

in a specialized cellular environment, a niche. Understanding the
regulatory mechanisms of adult NSCs and their cellular niche is not
only important to understand the physiological roles of neurogen-
esis in adulthood, but also to provide the knowledge necessary for
developing new therapeutic applications using adult NSCs in other
organs with similar regulatory environments. We will present our
recent progress of the study of adult NSCs regarding the potential
of regenerative medicine, primarily in the area of diabetes therapy.
The utility of NSCs derived from the olfactory bulb is presented
along with the rationale for why this might be an acceptable treat-
ment modality. The potential use of stem cells for the testing and
recommendation of specific therapeutics for mental disorders is
also presented.
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NESTIN-POSITIVE STEM/PROGENITOR CELLS
WITH NEURAL DIFFERENTIATION POTENTIAL
ARE PRESENT IN THE MENINGEAL NICHE DURING
DEVELOPMENT UP TO ADULTHOOD.

Bifari, Francesco’, Kusalo, Marijanna? Malpeli, Giorgio? Bersan,
Emanuela?, Amati, Eliana3, Scarpa, Aldo®, Berton, Valeria?, Fumagalli,
Guido? Krampera, Mauro', Decimo, llaria?

'Medicine, University of Verona, Verona, Italy, Public Healt, Section of
Pharmacology, University of Verona, Verona, Italy, *Pathological Anatomy,
University of Verona, Verona, Italy

Meninges, which include arachnoid and pia mater, cover the entire
CNS and are filled with cerebrospinal fluid produced by choroid
plexi. Recently, we found that meninges host a population of im-
mature precursors with neural differentiation potential that can be
activated by injury. In this work, we asked whether these precursors
in meninges were developmentally conserved from embryo to
adult. Therefore, in samples from embryo (E14, E20), perinatal (PO,
P15) and adult rats, we: i) quantify the distribution, the number and
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the proliferation rate of nestin-positive cells in meninges; ii) char-
acterize the overall meningeal cell composition and its changes
during the developmental stages; iii) assessed the stem/progenitor
cells potential in vitro. The cellular and extracellular composition of
meninges across development were analysed and the expression
of markers of undifferentiated cell (Nestin and Vimentin), neural
crest (p75), neural progenitors (Sox2, DCX, Tuj1), astorcytes (GFAP),
pericytes (NG2), endothelial cells (CD31) and ECM components
such as fibronectin, heparan sulphate and laminin, assessed by
confocal microscopy. Cells expressing the stem cell marker nestin
were found in meninges as early as E14. The number and density
of these cells decreased with the animal age and represent the
13.34+4.4% of the adult rat meninges cells. Proliferating Ki67-nestin
positive cells were found in all developmental stages even that
their number significantly decreases (E20 16.5%, PO 10.9%, P15
8.7%6 and in adult 4.8%); p<0.0001). Moreover, Oct4- and DCX- pos-
itive cells were also found at all ages. Meninges nestin-positive cells
were distinct from NG2-, GFAP- and CD31-positive cells. To further
characterize meninges as stem cell niche, we analysed the gene
expression of stem cell-related markers including nestin, pouf5,
vimentin, cspg, dcx, pax6 and sox2 by laser capture microscopy.
Quantification of the developmental changes of microdissected
meningeal tissue confirm the persistence of stem cells-related gene
during all the stages. Finally, we assessed the in vitro stem cell prop-
erties of meninges nestin-positive cells during development up to
adulthood. As expected from the ex-vivo observation, the number
of colony forming unit (CFU) and cell growth rate, decreased with
rat age. Under differentiating conditions, nestine-positive cells
expanded from all rat ages underwent neural differentiation. These
data suggest that the meninges are a putative new stem cell niche
capable of housing and maintaining up to adulthood a population
of stem/progenitor cells with neural differentiation potential. Fur-
ther investigation will elucidate any functional role of the menin-
geal stem cell niche and of its nestin-positive stem/precursor cells
in brain development and in adulthood.

Poster Board Number: T-1068

EVIDENCE FOR NEUROGENESIS BY LATENT
PARENCHYMAL PROGENITORS AFTER STROKE

Magnusson, Jens P.!, Goritz, Christian’, Tatarishvili, Jemal? Kokaia,
Zaal?, Lindvall, Olle?, Frisén, Jonas'

'Department of Cell and Molecular Biology, Karolinska Institute, Stockholm,
Sweden, *Wallenberg Neuroscience Center,Lund Strategic Research Center for
Stem Cell Biology and Cell Therapy, Lund University Hospital, Lund, Sweden

In the adult mouse brain, neurogenesis is limited to two small
regions, one of which is the subventricular zone (SVZ) of the

lateral ventricles. In response to stroke, neural stem cells in the SVZ
increase their proliferation, and neuroblasts ectopically migrate
toward the lesion site. Despite this well-described response, it is not
known whether all stroke-induced ectopic neuroblasts are derived
from the SVZ. It has been shown that following a cortical stab in-
jury, parenchymal astrocytes, which are normally non-neurogenic,
can be isolated and propagated as multipotent neurospheres in
vitro. It has remained unknown whether parenchymal astrocytes
can also display such neurogenic potential in vivo. To test this,

we used Connexin-30-CreER transgenic mice or a Cre-expressing
adenovirus to inheritably label parenchymal astrocytes, and subse-
quently subjected animals to experimental ischemic stroke through
transient occlusion of the middle cerebral artery. We will present
data providing evidence for stroke-induced local neurogenesis
from parenchymal astrocytes in vivo. Our findings highlight a previ-
ously unknown level of plasticity in the adult brain and suggest a
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possible new target for therapeutic interventions that aim to repair
the brain after ischemic injury.
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UNIQUE GENE EXPRESSION PROFILES OF NEURAL
STEM CELLS AND THEIR PROGENY IN THE ADULT
BRAIN

Bracko, Oliver', Singer, Tatjana?, Aigner, Stefan?, Knobloch, Marlen’,
Winner, Beate?, Ray, Jasodhara? Clemenson Jr,, Gregory D.2, Suh,
Hoonkyo?, Couillard-Despres, Sebastien?, Aigner, Ludwig? Gage,
Fred H.2, Jessberger, Sebastian’

'Cell Biology, ETHZ, Ztirich, Switzerland, *Laboratory of Genetics, The Salk
Institute for Biological Studies, La Jolla, CA, USA, *Institute for Molecular
Regenerative Medicine, Paracelsus University, Salzburg, Austria

Neural stem cells (NSCs) generate new neurons throughout life in
two regions of the mammalian brain: the subventricular zone (SVZ)
lining the lateral ventricles, and the hippocampal dentate gyrus
(DG). Adult neurogenesis has been implicated in tissue homeosta-
sis, physiologic brain function, and has been also associated with a
number of neuro-psychiatric diseases. To characterize the molecu-
lar signature of NSCs and immature neurons we isolated NSCs and
their progeny from the adult DG and SVZ using transgenic reporter
mice expressing either a GFP reporter under the control of the Sox2
promoter (labeling NSCs), or a DsRed reporter under the control

of the doublecortin (Dcx) promoter (labeling immature neurons).
Transcriptome analyses revealed distinct gene expression profiles
between NSCs and immature neurons. One example is the growth
factor insulin-like growth factor 2 (IGF2), which was highly ex-
pressed in DG NSCs in contrast to SVZ NSCs and immature neurons.
We show that IGF2 controls proliferation of DG NSCs in vitro and in
vivo via the AKT pathway. Gene expression profiling of NSCs and
newborn neurons may reveal novel genes/pathways that control
distinct steps in the course of adult neurogenesis.
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NEURAL STEM/PROGENITOR CELLS DAMAGED
BY REACTIVE OXYGEN SPECIES EVOLVED BY
PHOTOSENSITIZING REACTION

Mori, Hideki, Hara, Masayuki
Biological Science, Osaka Prefecture Univ., Sakai, Osaka, Japan

We want to know how the growth of neural stem/progenitor cells
and their differentiation are affected by reactive oxygen species
evolved in photosensitizing reaction, because of the similarity be-
tween the stem cells and the tumor cells in central nervous system.
We investigated the effects of two photosensitizers (rhodamine 123
and hematophorphyrin) on the mouse neural stem/progenitor cells
cultured in vitro under the illumination. ABC transporters were ex-
pressed in the cells, and could pump rhodamine 123 and hemato-
phorphyrin out of the cells. Under the illumination of strong actinic
light with those photosensitizers, reactive oxygen species was
evolved to injure the cells. Number of viable cells decreased under
illumination through apoptosis and necrosis. Those cell-killing ac-
tivities were not clearly dependent on the presence of inhibitors for
ABC transporters. Immunocytochemical staining with showed that
immature cells with markers of neural stem/progenitor cells (Sox 2,
CD133, nestin were more sensitive to the reactive oxygen species
than the differentiated cells.
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METABOLIC CONTROL OF ADULT NEURAL STEM
CELL ACTIVITY

Braun, Simon M G', Knobloch, Marlen', Zurkirchen, Luis’, von
Schoultz, Carolin', Zamboni, Nicolas?, AraizoXBravo, Marcos?,
Kovacs, Werner', Karalay, Ozlem', Suter, Ueli', Roccio, Marta?, Lutolf,
Matthias*, Semenkovich, Clay®, Jessberger, Sebastian’

'Inst. of Cell Biology, Swiss Institute of Technology (ETH), Zurich, Switzerland,
2Inst. of Molecular Systems Biology, Swiss Institute of Technology (ETH),
Zurich, Switzerland, *Department of Cell and Developmental Biology, Max
Planck Institute for Molecular Biomedicine, Mtinster, Germany, *Institute of
Bioengineering, Ecole Polytechnique Fédérale de Lausanne (EPFL), Lausanne,
Switzerland, *Division of Endocrinology, Metabolism & Lipid Research,
Washington University School of Medicine, St Louis, MO, USA

Neurogenesis relies on an intricate balance between quiescence
and proliferation of neural stem cells (NSCs) to ensure the lifelong
generation of newborn neurons in the adult brain. The proliferative
activity of NSCs is governed by highly regulated molecular mecha-
nisms, many of which are yet to be identified. Using metabolic
profiling of adult NSCs we observed that these cells are in a distinct
metabolic state when compared to their differentiated progeny or
other dividing neural cells. In particular, NSCs display high levels

of de novo lipogenesis, a metabolic pathway upregulated in many
cancer cells. Here we show the role key lipogenic enzymes play in
maintaining NSC proliferation using pharmacological inhibition
and conditional genetic deletion of these genes. Furthermore, we
found that this pathway is tightly regulated in the hippocampal
neurogenic niche through the specific expression of proteins which
can inhibit the activity of these lipogenic enzymes within the quies-
cent pool of NSCs. Our findings underline the essential role of lipid
metabolism in regulating the proliferative activity of adult NSCs.
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NEURONAL INDUCTION IN GRAFTS OF NEURONAL
PROGENITORS TO SITES OF SPINAL CORD INJURY

Verena Haringer', Paul Lu"2, Mark Tuszynski'2

'Department of Neurosciences, University of California, San Diego, CA
2VA Medical Center, San Diego, CA

Keywords: spinal cord injury, neural stem cells pinal cord injury
(SCI) causes loss of neurons and axons at the lesion site, frequently
resulting in permanent loss of function. One repair strategy is to
use cell transplantation as a means of replacing injured neurons,
providing a potential mechanism for forming poly-synaptic relays
across sites of injury. The aim of the present study is to compare
the fate of freshly isolated embryonic neural cells versus cultured,
pre-dfferentiated neural cells that are transplanted into the injured
adult spinal cord. Neural stem cells that express green fluorescent
protein (GFP) were harvested from embryonic day 14 (E14) rat spi-
nal cords and grafted into a C3 dorsal column wire knife lesion site
in wild-type adult rats, 2 weeks after SCI. The grafts filled the injury
site and matured into both neurons and glia; neurons extended
axonal processes over long distances into the host spinal cord both
caudally and rostrally. Fetal NPCs were generated from neuro-
spheres derived from E14 spinal cord. When grafted into the adult
injured spinal cord, these cells differentiated into glia. To increase
neuronal differentiation/maturation from neurospheres, the cells
were pre-differentiated into neuronal progenitors as monolayer
cultures for 3, 5, 7 days using retinoic acid and sonic hedgehog. The
cells expressed the early neuronal progenitor markers, lll tubulin
and Nestin. When grafting these pre-differentiated neuronal pro-
genitors/early neurons into adult SCl lesion sites, almost no mature
spinal cord neurons were detected in the cell graft 4 weeks after

transplantation. Instead the graft consisted mainly of glial cells.
Overall graft survival was good. These findings confirm the pro-glial
environment of the adult spinal cord, indicating that even pre-
differentiation into neuronal phenotypes are insufficient to lead

to a neuronal fate in vivo. Further differentiation steps are required
to promote retention of the neuronal phenotype in grafted neural
progenitors. Such work is ongoing. ACKNOWLEDGMENTS: We
thank the Rat Resource and Research Center, University of Missouri,
Columbia, Missouri, for providing GFP rats. This work was sup-
ported by the Veterans Administration, NIH (NS09881), CIRM, Wings
for Life, Canadian Spinal Research Organization, the Swiss Institute
for Research into Paraplegia, and the Dr. Miriam and Sheldon G.
Adelson Medical Research Foundation.
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MODELING PARKINSON’S DISEASE IN A
PETRI DISH: EFFECT OF A- SYNUCLEIN ON
DOPAMINERGIC NEURONS DERIVED FROM
MOUSE INDUCED PLURIPOTENT STEM CELLS

Rodriguez, Leonardo’, Pal, Gayatri?, Schiile, Birgitt?

'San Jose State University, San Jose, CA, USA, *The Parkinson’s Institute,
Sunnyvale, CA, USA

Parkinson’s disease (PD) affects 1% of the population over the

age of 60 and by the year 2030 the number of cases is estimated

to double. PD is the second most prevalent neurodegenerative
disorder. Lewy bodies are the hallmarks of PD pathology and ac-
cumulate the protein a-synuclein. a-synuclein overexpression is

a causative factor for neurodegeneration as shown in Mendelian
forms of PD. a-synuclein upregulation has also been consistently
reported in toxicological animal models of PD. Several recent publi-
cations propose that a-synuclein can have a prion-like effect, where
the disease state protein conformation can be transmitted between
neurons. The disease relatively specifically targets A9 dopaminergic
(DA) neurons in the midbrain and spares adjacent A10 DA neurons.
In comparing these two populations in vitro we will explore the dif-
ferences in susceptibility for PD. We hypothesize that A9 DA derived
neurons will be more vulnerable to extracellular a-synuclein com-
pared to A10 DA neurons in a new induced pluripotent stem cell
(iPSC) model. We have generated iPSC lines by taking mouse tail
fibroblasts and transfecting them with the four factors; specifically,
Oct4, Sox2, KIf4 and I-Myc in a retroviral vector. The mouse tail fibro-
blasts are reprogrammed and iPSC colonies are picked after 21-30
days. Following characterization for pluripotency, the iPSCs are
guided to a neuronal fate by using a novel four-stage protocol em-
ploying a feeder-free culturing method. Embryoid body formation
is carried out in mESC media with the SMAD inhibitors Dorsomor-
phin (1 uM), SB431542 (2 uM) and the MEK inhibitor PD0325901
(1uM). After plating, the cells are cultured in N2/B27 media plus
growth factors for 16 days and yield a significant percentage of
beta Ill tubulin positive cells and tyrosine hydroxylase (TH) positive
cells. Within the TH-positive population, A9 and A10 neurons can
be distinguished using FoxA2 and calbindin markers, respectively.
Challenging our iPSC-derived neurons with a-synuclein protein at
different concentrations for 24 hours and subsequent flow cytom-
etry and immunocytochemistry will illuminate the viability of A9
dopaminergic neurons versus adjacent A10 neurons. Comparing
relative survival percentages of DA neurons can shed light on the
inherent differences between A9 and A10 neurons. These differ-
ences are important when trying to understand why A9 neurons
are more susceptible in PD. In addition, we believe that mouse
dopaminergic neurons derived from induced pluripotent stem cells
can be a valuable model of PD for 1) examining the characteristics
of DA neuronal subtypes, 2) using these neurons for neurotoxicity
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testing, e.g. challenge with MPP+ and paraquat, and 3) establishing
drug screening approaches. If deemed successful, our iPSC-derived
neuronal model will be a valuable tool to study Parkinson’s disease
in a petri-dish.
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RFXTRANSCRIPTION FACTORS AND FGF1
SUSTAIN NEURAL STEM AND PROGENITOR CELLS
THROUGH AURORA-A KINASE ACTIVATION

Hsu, Yi-Chao, KAO, CHIEN-YU, CHIU, ING-MING

Institute of Cellular and System Medlicine National Health Research Institutes,
Jhunan Town, Taiwan

Fibroblast growth factor 1 (FGF1) has been suggested as an
important growth factor for many biological processes, such as
neurogenesis. FGF1 and FGF-1B promoter-driven green fluorescent
protein (F1BGFP) have been used to isolate neural stem/progeni-
tor cells (NSPCs) with self-renewal and multipotency. However, the
mechanisms that regulate the maintenance of F1BGFP(+) NSPCs
are still unknown. In this study, we provide several lines of evidence
to show the regulatory mechanisms for F1BGFP expression and

the maintenance of F1BGFP(+) NSPCs: (i) RFX2 and RFX3 transcrip-
tion factors could directly bind the 18-bp cis-element (-484 to

-467) of F1B promoter, and are crucial for F1BGFP expression; (ii)
F1BGFP(+) cells have significantly higher levels of AurA activation,
neurosphere formation than GFP(-) cells. Protein kinase inhibitor,
staurosporine, RFX2-siRNA and RFX3-siRNA could reduce FGF-1B
promoter activity, AurA activation and neurosphere formation.
These inhibitory effects could be rescued by FGF1 treatment. (iii)
AurA kinase specific inhibitor, VX-680, could significantly reduce the
AurA activation and neurosphere formation of F1BGFP(+) NSPCs.
However, these reductions could not be rescued by additional FGF1
treatment. (iv) Autocrine/paracrine activation of AurA of F1BGFP(+)
cells could be inhibited by FGF1-neutralizing antibody and FGFR
(SU5402). Furthermore, AurA activation in F1BGFP(+) cells could
also be inhibited by PI3K/AKT inhibitor, suggesting FGF receptors
and AKT signaling pathways play important roles in the activation
of AurA kinase and the maintenance of F1BGFP(+) NSPCs. (v) As a
proof of principle, F1BGFP(+) cells are identified as a subset of B1
NSPCs with single primary cilium that will absorb through AurA
activation in the lateral wall of the adult mouse brain. In conclusion,
our results suggest that RFX2/3 transcription factors are crucial for
F1BGFP expression levels. F1BGFP(+) cells have sustained AurA
activation through FGF1-FGFR and PI3K/AKT pathways.
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P57 CONTROLS QUIESCENCE OF ADULT
HIPPOCAMPAL NEURAL STEM CELLS

FURUTACHI, Shohei, GOTOH, Yukiko
Institute of Molecular and Cellular Biosciences, University of Tokyo, Tokyo, Japan

Neural stem cells (NSCs) in the adult mammalian hippocampus
constitute a relatively quiescent cell population, but the molecules
responsible for their quiescence have remained unknown. In

this study, we found that the cyclin-dependent kinase inhibitor
Cdkn1c (p57) regulates the quiescence of NSCs in the adult mouse
hippocampus. Selective deletion of the p57 gene in NSCs initially
resulted in their recruitment into the cell cycle and increased neu-
rogenesis in young adult mice and even in aged mice. In contrast,
long-term deletion of the p57 gene through adulthood resulted in
NSC exhaustion and a reduced level of neurogenesis in aged mice.
Furthermore, our results support the notion that dynamic changes
in p57 levels underlie the reversal of NSC quiescence in response
to neurogenic stimuli such as epileptic seizures and running. The

26

regulation of NSC quiescence by p57 might thus have important
implications for lifelong neurogenesis and neural plasticity in
response to external stimuli.

Poster Board Number: T-1076

MICRORNA-1241S A NEURONAL FATE
DETERMINANT IN THE SUBVENTRICULAR ZONE

Jakobsson, Johan, Akerblom, Malin, Sachdeva, Rohit
Wallenberg Neuroscience Center, Lund University, Lund, Sweden

MicroRNAs are small, non-coding endogenous RNA that bind to
and regulate mRNA targets, making them central players of gene
regulation. miR-124 is one of the most abundant miRNA in the
brain and several studies have shown that it plays a role in neural
stem cell (NSC) regulation. To study the role of miR-124 in the
postnatal subventricular zone (SVZ), we have generated a trans-
genic reporter mouse that allows visualisation of miR-124 activity
in the brain in vivo. We found that miR-124 is not present in NSC,
but its activity is initiated in transient amplifying progenitors and

it remains expressed in differentiated neuronal progeny. When

we stably suppressed miR-124 activity in vivo in the SVZ, adult
neurogenesis was blocked and ectopic astrocytes, derived from the
SVZ, were found in the olfactory bulb. On the contrary, when we
over-expressed miR-124 in the SVZ we found that NSCs lost their
stem cell characteristics resulting in a loss of continuous supply of
new neurons to the olfactory bulb. In summary, our data provide
novel insight into miR-124 function in vivo and positions miR-124 as
a neuronal fate determinant in the postnatal SVZ.

Poster Board Number: T-1077

SYNTHETIC POLYMER-BASED NEURAL STEM CELL
NICHE IDENTIFICATION

Bizen, Norihisa', Tabu, Kouichi', Wu, Mei?, Inoue, Toshihiro?,
Shimizu, Takeshi*, Kagawa, Tetsushi', Bradley, Mark? Taga, Tetsuya'
'Department of Stem Cell Regulation, Medical Research Institute, Tokyo
medical and Dental University, Tokyo, Japan, *School of Chemistry, University
of Edinburgh, Edinburgh, United Kingdom, Department of Ophthalmology
and Visual Science, Graduate School of Medical Sciences, Kumamoto University,
Kumamoto, Japan, “MechanoBiology Institute Singapore, National University of
Singapore, Singapore, Singapore

FGF2 and Wnts are known to be secreted from microenvironments
surrounding neural stem/progenitor cells (NSCs/NPCs) and act

as mitogens and contribute to the maintenance of NSCs/NPCs.

We have reported that these growth factors promote NSCs/NPCs
proliferation via the common signaling pathway, ie, GSK3f inactiva-
tion, B-catenin accumulation, and cyclin D1 expression. We have
also shown that this $-catenin accumulation results in potentiation
of Notch signaling which leads to inhibition of neuronal differ-
entiation (Shimizu et al., Mol. Cell. Biol., 2008). Furthermore, we
recently found that cyclin D1, a downstream factor of FGF2 and
Whits, inhibited astrocyte differentiation through disturbing LIF/
STAT3-mediated astrocyte-specific gene expression in a manner
independent of cell cycle progression (Bizen et al., unpublished
data.). Thus, the molecular mechanisms for NSC/NPC maintenance
partly involve FGF2, Wnt, and Notch signaling pathways. NSCs are
thought to require a specific niche for the maintenance of multipo-
tency throughout a lifetime. However, despite the above men-
tioned findings, its molecular basis is poorly understood. It seems
difficult to analyze the roles of the interaction between NSCs/NPCs
and niche molecules, because of complexity of input stimuli from
many niche components (such as ligands, cytokines, and ECM mol-
ecules) and NSC/NPC surface molecules. Although conventional
approaches such as gene expression profiling and mass spectrom-
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etry analysis of NSCs/NPCs have been extensively done, the niche
condition is still required to be studied. To solve this problem, we
have established a polymer-based microarray system for screening
NSC niche-mimicry. A total of 382 acrylate- and urethane-based
polymers were printed on a standard 25x75 glass slide. NSCs/
NPCs isolated from E14.5 mouse embryos were seeded on the
polymer-printed slide. They attached strongly to 44 spot polymers.
Among them, one acrylate-based polymer called “PA518" main-
tained a high level of nestin expression of NSCs/NPCs, in spite of
the differentiation-inducing condition without FGF2. Furthermore,
we found that the neurosphere-forming ability and multipotency
of NSCs/NPCs plated on PA518-coated dishes was approximately
5-fold higher than those of NSCs/NPCs cultured on conventional
poly-L-ornithine/fibronectin-coated dishes. Taken together, we here
suggest that PA518 is a niche-mimicry molecule for NSC/NPC main-
tenance. Concurrently, we also screened glioma stem cell (GSC)
niche mimicry and identified several hit polymers that supported
the self-renewing proliferation of GSCs. These achievements may
contribute not only to the understanding of NSC/GSC regulation
but also to the development of novel therapeutic strategy for the
regeneration medicine and cancer treatment in view of stem cells.

Poster Board Number: T-1078

EFFECT OF PLGA/SILK FIBROIN HYBRID FILM
ON PROLIFERATION AND ATTACHMENT OF
OLFACTORY ENSHEATHING CELLS

Sun A Jo', Yun Mi Lee?, Jeong Woo Bea', Young Lae Kim', Dongwon
Lee'" and Gilson Khang'*

Corresponding to; Gilson Khang (gskhang@jbnu.ac.kr)
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Polymer[[Unsupported Character - &#903;]]Nano Sci Tech, Chonbuk National
Univ, 567 Baekje-daero, Jeonju 561-756

2Dept of Advanced Organic Materials Engineering, Chonbuk National Univ, 567
Baekje-daero, Jeonju 561-756

Abstract: Poly (lactic-co-glycolic acid) (PLGA) has been widely
applied to tissue engineering as a good biocompatible material
and biodegradable synthetic polymer with acceptable mechani-
cal strength. Silk fibroin contains powerful bioactive molecules

and useful biomaterials in a range of applications. We fabricated
silk /synthetic hybrid films using 0, 10, 20, 40 and 80 wt% of silk
fibroin. Olfactory ensheathing cells (OECs) were seeded on PLGA/
Silk fibroin hybrid film and confirmed the influence of adhesion
and proliferation on OECs according to content of silk fibroin. Cell
proliferation and viability were measured via MTT assay. In addition,
morphology of cellular adhesion by scanning electron microscope
(SEM). In this study, we confirmed PLGA/Silk fibroin hybrid film
including 10% and 20% of silk fibroin interrupt adhesion and pro-
liferation of OECs. In film containing 40% and 80% of silk provide
suitable environment for growth and proliferation of OECs. This
research was supported by WCU (R31-20029) and MBC (0405-B001-
0204-0006). Keywords: Silk fibroin, Poly (lactic-co-glycolic acid)
(PLGA), olfactory ensheathing cells WCU BIN Fusion Tech. Secre-
tariat Dept. of BIN Fusion Tech., WCU, Eng. 8th Bldg. rm. No0.408,
Chonbuk National University, , 567 Baekje-daero, Jeonju 561-756
Korea Tel: +82 63 270 4434 begin_of_the_skype_highlighting +82
63 270 4434 end_of_the_skype_highlighting Fax: +82 63 270 4254
E-mail: bkwcu@jbnu.ac.kr
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IDENTIFICATION OF HDAC-MEDIATED
MECHANISMS FOR THE TEMPORAL SWITCHING
OF CORTICAL NEURON SPECIFICATION

Chai, Muh Chyi, Juliandi, Berry, Sanosaka, Tsukasa, Nakashima,
Kinichi

School of Biological Sciences, Nara Institute of Science and Technology, lkoma,
Japan

To date, the precise molecular mechanisms regulating the temporal
switch in neural progenitor cells (NPCs) from producing deep- to
superficial -layer neurons still remain unknown. On the other hand,
increasing evidence suggests that epigenetic mechanisms play an
integral part in NSCs fate specification. We have previously found
that, histone deacetylases (HDACs) inhibition by valproic acid (VPA),
a widely used anticonvulsant and mood stabilizing drug, drives
mouse embryonic stem cells (mESCs)-derived NPCs to differenti-
ate into Cux1-positive superficial-layer neurons at the expense of
Ctip2-positive deep-layer neurons. Besides, in vivo HDAC inhibi-
tion via VPA treatment disrupted cortical laminarization with
significantly increased and decreased thickness of Cux1-positive
superficial- and Ctip2-positive deep-layers, respectively. Further-
more, our analyses on the effects of VPA on gene expression of
cortical layer-specific transcription factors (TFs) demonstrated a
down-regulation of Fezf2, a well-studied TF regulating deep-layer
formation and up-regulation of Cux7 and Satb2, TFs expressed by
superficial-layer neurons. In this study, we further investigated the
correlation between HDACs and NPCs fate specification during cor-
tical neuronal differentiation, using mESCs and embryonic NPCs as
models. The models are able to recapitulate in vivo cortical develop-
ment while complementing and compensating for the limitations
in respective model. Both cell types were treated with HDAC inhibi-
tors and analyzed by immunocytochemistry, quantitative PCR and
immunoprecipitation assay to elucidate the molecular mechanisms
involved in cortical differentiation in response to HDAC inhibition.
Our preliminary results suggest the important role of histone acety-
lation in cortical neuron specification especially in the specification
of superficial-layer neurons during late corticogenesis.

Poster Board Number: T-1080

ASIALOERYTHROPOIETIN ENHANCES THE
MATURATION OF OLIGODENDROCYTE
PROGENITOR CELLS DERIVED FROM
SUBVENTRICULAR ZONE AFTER NEONATAL WHITE
MATTER INJURY.

Kako, Eisuke', Kaneko, Naoko', Aoyama, Mineyoshi?, Hida, Hideki?,
Takebayashi, Hirohide*, Ikenaka, Kazuhiro®, Asai, Kiyofumi®, Togari,
Hajime’, Sobue, Kazuya® Sawamoto, Kazunobu'
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Japan, 2Development of Molecular Neurobiology, Nagoya-City University,
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Nagoya, Japan, “Neurobiology and Anatomy, Niigata University, Niigata,
Japan, *Division of Neurobiology and Bioinformatics, National Institute for
Physiological Sciences, Okazaki, Japan, ®Molecular Neurobiology, Nagoya-
City University, Nagoya, Japan, "Nagoya-City University, Nagoya, Japan,
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Nagoya, Japan

Perinatal hypoxia-ischemia (HI) frequently causes white-matter
injury, leading to severe neurological deficits and mortality, and
only limited therapeutic options exist. The white matter of animal
models and human patients with Hl-induced brain injury contains
increased numbers of oligodendrocyte progenitor cells (OPCs).
However, the origin and fates of these OPCs and their potential
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to repair injured white matter remain unclear. Here, using cell-
type- and region-specific genetic labeling methods in a mouse HI
model, we characterized the Olig2-expressing OPCs. We found that
after HI, OPCs increased in the posterior part of the subventricular
zone (pSVZ) and migrated into the injured white matter. However,
their oligodendrocytic differentiation efficiency was severely
compromisedcompared with the OPCs in normal tissue, indicat-
ing the need for an intervention to promote their differentiation.
Erythropoietin (EPO) treatment is a promising candidate, but it has
detrimental effects that preclude its clinical use for brain injury. We
found that long-term post-injury treatment with a non-erythro-
poietic derivative of erythropoietin, asialo-erythropoietin (AEPO),
promoted the maturation of pSVZ-derived OPCs and the recovery
of neurological function, without affecting hematopoiesis. These
results demonstrate the limitation and potential of endogenous
OPCs in the pSVZ as a therapeutic target for treating neonatal
white-matter injury.

Poster Board Number: T-1081

UNRAVELING THE FUNCTION OF A NOVEL SPLICE
VARIANT OF NURR1 AND ITS IMPLICATIONS IN
TAILORING MIDBRAIN DOPAMINERGIC NEURONS

Chakrabarty, Koushik’, Kloth, Michael’, Stoll, Raphael?, Heumann,
Rolf
"Molecular Neurobiochemistry, Ruhr University Bochum, Bochum, NRW,

Germany, ?BCll- Biomolecular Spectroscopy, Ruhr University Bochum, Bochum,
NRW, Germany

Recent work in the field of neuronal differentiation has given critical
importance to generate midbrain dopaminergic (mDA) neurons
from pluripotent stem cells and fibroblasts due to its physiological
and clinical implications. Expression of the orphan nuclear recep-
tor Nurr1 gene has been shown to be critical for the generation,
survival and maintenance of mDA neurons and a key requirement
for inducing mDA phenotype. Here, we report a splice variant of
Nurr1 isolated from the mouse brain which lacks a part of its ligand
binding domain (LBD), leading to in-frame deletion of 37 amino
acids. Expression analysis of the splice variant named as Nurr1d,
during embryonic (mouse) midbrain development revealed its dif-
ferential temporal expression pattern. Interestingly, we found the
mRNA expression of Nurr1d to be spatially overlapping with the
expression of the wildtype Nurr1 only during the later differentia-
tion stages of mDA neurons. Transient over expression studies on
embryonic mouse ventral mesencephalon (VM) neural precursor’s
revealed that Nurr1 significantly enhances the number of tyrosine
hydroxylase (Th) positive neurons compared to Nurr1d. Intrigu-
ingly, the Th positive neurons obtained from Nurr1d transfected
cultures demonstrated a more matured neuronal phenotype with
significant increase in neurite length and expression of late mdDA
markers. To dissect possible distinct roles of Nurr1 and Nurr1d
during mdDA development, we performed luciferase reporter
assays using the Th and BDNF promoters on embryonic mouse
VM primary cultures and secondary cell lines transfected with
Nurr1 or Nurr1d. Here, we observed Nurr1 strongly potentiates the
transcriptional activity of the Th promoter while in contrast Nurrid
significantly enhances the transactivation of the BDNF promoters.
Furthermore, we investigated the neuroprotective ability of Nurr1
and Nurr1d transfected embryonic mouse VM cultures against the
cytotoxic effects of 6-hydroxydopamine (6-OHDA). We found that
the viability of mdDA neurons upon 6-OHDA challenge was sig-
nificantly enhanced in cultures transfected with Nurr1id compared
to Nurr1, demonstrating the robust neuroprotective potential of
Nurr1d. In order to investigate the functional switch of the Nurrid
splicing variant on a structural level we are presently conducting
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differential nuclear magnetic resonance (NMR) analysis of Nurr1
and Nurr1d. Taken together our data indicate that Nurr1d attribut-
ing mdDA neurons with enhanced maturation and survival could
be utilized in cellular differentiation paradigms aiming to obtain
more mature and robust mdDA neuron phenotype.

Poster Board Number: T-1082

IDENTIFICATION OF A NEURAL INDUCTION
DOMAIN IN BC-BOX PROTEINS AND NEURAL
INDUCTION OF SOMATIC STEM CELLS BY
TRANSFER OF ITS DOMAIN PEPTIDE

Kanno, Hiroshi, Kubo, Atsuhiko, Higashida, Tetsuhiro
Neurosurgery, Yokohama City University School of Medicine, Yokohama, Japan

Pluripotent somatic stem cells have potential to differentiate to
neurons, and they are hopeful to be used as grafted donor cells

for neuronal regenerative therapy. However, the grated cells little
survive and differentiate to functional neurons in recipient neural
tissue. To overcome the problem, neural induction using neuro-
trophic factors or gene transfer has been employed before grafting,
but neurotrophic factors do not occur specific neural induction,
while gene transfer has risk of vector. If a neural induction domain
for somatic stem cells exists in proteins to induce neural differen-
tiation, its identification can contribute to neuronal regenerative
therapy through neural induction of somatic stem cells using the
neural induction domain. We previously demonstrated that von
Hippel-Lindau tumor suppressor (VHL) protein has a function of
neural induction in neural stem cells (NSCs) without any neuro-
trophic factors. Then, we hypothesized that a neural induction
domain potentially exists in the VHL protein. Here we identify a
neural induction domain for somatic stem cells in the VHL protein,
and show neural induction of the cells by transfer of the domain
peptide linked to protein transduction domain (PTD). The neural in-
duction domain in the VHL protein contains BC-box motif [(A,PS,T)
LXXX (A,C) XXX(A,l,L,V)] corresponding to binding site of elongin
BC, which is evolutionally conserved from virus to mammalian.
Therefore, we proposed that other BC-box proteins also contain the
neural induction domain, and subsequently show to identify the
neural induction domains at amino-acid sequences encoded by BC-
box motif within BC-box proteins responsible for neural induction
of somatic stem cells. In addition, we show that the domain has the
same function for other somatic stem cells except for neural stem
cells. Furthermore, when the domain peptide-transferred stem cells
are grafted into recipient nervous tissue in neuronal disease mod-
els, the grafted cells differentiate to neurons and neuronal repair
for neuronal disease models is achieved. Thus, a neural induction
domain is identified at BC-box motif in BC-box proteins. The neural
induction of somatic stem cells is caused by transfer of the neural
induction domain peptide linked to PTD, and would contribute to
neuronal regenerative therapy.
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HEAT-SHOCK PROTEIN 27 PROTEIN IS
DOWNREGULATED IN THE PROCESS OF
PLACENTA-DERIVED MULTIPOTENT CELLS
(PDMCS) DIFFERENTIATED INTO NEURON

Cheng, Yu-Che, Huang, Chi-Jung, Chien, Chih-Cheng

Cathay General Hospital, New Taipei City, Taiwan

Placenta-derived multipotent cells (PDMCs) isolated from the hu-
man placenta are a population of multipotent cells that are able to

differentiate into multiple cell types. It is well known that1-methyl-
3-isobutylxanthine (IBMX) induces the differentiation of PDMCs
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or mesenchymal stem cells into neural cells. Using proteomic
approaches we found the small heat-shock protein 27 (HSP27) was
downregulated at the transcriptional and translational levels during
IBMX-induced neuron differentiation in PDMCs model. Overex-
pression of HSP27 in PDMCs led to the arrest of specific neural
differentiation; On the other hand, knockdown of HSP27 using
short-hairpin RNA showed significantly enhanced ability of PDMCs
differentiated into neuron. Multiple neuronal markers were also
stained to confirm the identity of differentiated neuron including
MAP2, Tuj1, Tau, Neuron D and NFM. We conclude that down-
regulated HSP27 protein is a crucial factor in the differentiation of
PDMCs into neurons. These findings provide new insights into the
neuronal differentiation of PDMCs.

Poster Board Number: T-1084

THE MOOD STABILIZERS VALPROATE AND
LITHIUM ACTIVATE HUMAN FGF1 GENE 1B
PROMOTER THROUGH RFX TRANSCRIPTION
FACTORS

Kao, Chien-Yu', Hsu, Yi-Chao?, Chiu, Ing-Ming?
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Valproic acid (VPA) and lithium are two primary mood-stabilizing
drugs to have neuroprotective effects and be used to treat bipolar
disorder in clinic. Fibroblast growth factor 1 (FGF1) has been shown
to regulate cell proliferation, cell division and neurogenesis. Human
FGF1 gene 1B promoter (-540 to +31)-driven green fluorescence
(F1BGFP) was shown to recapitulate endogenous FGF1 gene ex-
pression. It can also be used to isolate neural stem/progenitor cells
(NSPCs) from developing mouse brains and human glioblastoma
tissue. Our previous study showed that transcription factors RFX2
and RFX3 could directly bind the 18-bp cis-element (-484 to -467),
and contribute to the maintenance of F1BGFP(+) NSPCs. In this
study, we showed that treatment of human glioblastoma cell lines
with VPA and lithium significantly elevated the levels of FGF1B tran-
script and the percentage of F1BGFP(+) cells in both FGF1B(+) and
(-) cell lines. Interestingly, co-treatment of lithium with VPA could
synergistically activate F1BGFP expression. The increase of F1BGFP
expression level by VPA treatment was associated with induction
of neuronal differentiation. Upon VPA treatment, the F1BGFP(+)
cells were differentiated more efficiently into MAP2- and tyrosine
hydroxylase-positive neurons than F1BGFP(-) cells. Meanwhile, VPA
treatment also sustained the expression levels of neuronal lineage
specific transcription factors, NeuroD1, Myt1L, Brn2 and Ascl1 in
F1BGFP(+) cells. Using electrophoretic mobility supershift assay
and Western blot, we found that treatment of VPA promotes acety-
lation of RFX2/3 complex. In addition, VPA or lithium treatment
also significantly increased mRNA levels of RFX2 or RFX3. Notably,
knockdown of RFX2 could significantly attenuate VPA-enhanced
GFP expression in F1BGFP(+) NSPCs cells. This study suggested, for
the first time, that FGF1 is the target for VPA and lithium. Our results
provide valuable implication for therapeutic application of these
two mood stabilizers.

Poster Board Number: T-1085
MULTIVALENT EFFECTORS TO CONTROL STEM
CELL DIFFERENTIATION

Conway, Anthony, Schaffer, David V.
Univ of California, Berkeley, Berkeley, CA, USA

Numerous cellular signaling systems that regulate stem cell self-
renewal and differentiation involve the assembly of multivalent

ligands - oligomeric entities that present multiple binding sites and
thereby bind multiple receptors on a target cell or stem cell - such
as morphogens that naturally oligomerize, extracellular matrix
protein engagement of integrins, and juxtacrine signaling between
membrane-associated ligands and receptors. The resulting multiva-
lent binding can be more potent than corresponding monovalent
interactions, potentially through initiating a process of cellular
receptor clustering that may promote enhanced signal transduc-
tion. However, the ability to control and monitor these naturally
occurring multivalent interactions within a living cell is currently
limited, since it is difficult to modulate the valency of naturally-oc-
curring ligands, especially membrane-associated proteins. We have
developed a means to synthetically conjugate the binding domains
of normally cell membrane-associated ligands to the soluble bio-
polymer hyaluronic acid (HA). Specifically, using EDC/NHS chemis-
try, we functionalized the high molecular weight HA backbone and
attached recombinantly produced ephrin-B ligand ectodomains via
an added terminal cysteine. To precisely estimate the valency and
molecular weight of the bioconjugates, we characterized the mol-
ecules using size exclusion chromatography and multi-angle light
scattering. To determine the effects of bioconjugate multivalency
on the ability to cluster cell surface receptors, we incubated adult
hippocampal neural progenitor cells (AHNPCs) with the multivalent
molecule in vitro. Multivalent ephrin-B showed enhanced cluster-
ing of cognate Eph receptors as compared to antibody-clustered
ligands. Next, to determine if increased receptor clustering could
affect stem cell differentiation, cultures of AHNPCs were incubated
solely with either antibody-clustered ligands or high conjugation
ratio conjugates for six days. A maximum three-fold increase over
the antibody-clustered ligand for the highest ratio conjugate was
observed. To determine if the effect of multivalency in directing
neuronal stem cell fate could be applied more generally to other
cell types, cultures of human embryonic and induced pluripotent
stem cells were incubated with the factors for 2-4 weeks. In both
cultures a 2-fold increase in the fraction of neurons formed and a
4-fold increase in the fraction of dopaminergic neurons compared
to antibody-clustered controls was observed. Cultures also showed
increases in the midbrain-specific marker En1 and had significantly
higher levels of dopamine. Finally, in an effort to validate the
enhanced activity of this multivalent construct in vivo, we injected
it directly into the brain of adult rats via intracranial stereotaxic
injection. Brains injected with bioconjugates showed a three-fold
increased ability to induce neuronal differentiation as compared to
the antibody-clustered control, thus indicating that highly multiva-
lent ligands potently enhance the fraction of new neurons formed
compared to using ligands clustered by conventional means. These
results have a variety of biomedical implications, in that they estab-
lish a general platform for creating highly bioactive, defined, and
reproducible forms of protein-based ligands, which have the ability
to more potently activate downstream effectors for use in basic
research and therapeutic applications.
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EXPRESSION OF TYROSINE HYDROXYLASE IS
EPIGENETICALLY REGULATED IN NEURAL STEM
CELLS

Kim, Jung Mi, Kausar, Rukhsana, Yang, Jae Won, Choi, Eun Yang,
Park, Mi Jung, Lee, Myung Ae

Ajou Sch of Medicine Brain Disease Res Ctr, Suwon, Korea, Republic of
Tyrosine hydroxylase (TH) is the first and rate-limiting enzyme in
biosynthesis of catecholamines. TH expression is regulated in a

developmental stage and cell type-specific manner. We have previ-
ously reported that the elements responsible for cell type-specific
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expression of TH may be included within the repressor region
between -2187bp and -1232 in TH promoter. To unravel the under-
lying molecular mechanisms for this specificity, DNA methylation
patterns of CpG islands in the repressor region of TH promoter
were examined in neural stem cells and DA neuron-like cells. Using
a bisulfite sequencing method, we found that cytosine residues of
CpG island within NRSE-R site was specifically methylated in hu-
man NSC, but not SH-SY5Y cells. A good correlation was observed
between this CpG methylation and lower expression of TH gene,
which was supported by the data that inhibiting DNA methylation
with 5-azacytidine restored TH expression in neural stem cells. We
further demonstrate that methylated CpG binding proteins (MBDs)
actually binds to the highly methylated X-1 and X-2 regions of TH
gene in neural stem cells. These results suggest that region-specific
methylation and MBDs play an important role in the regulation of
hTH gene in NSCs.
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INJURY-ACTIVATED NESTIN AND DCX POSITIVE
CELLS IN MENINGES CONTRIBUTE TO GLIAL SCAR
FORMATION FOLLOWING SPINAL CORD INJURY
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Adult spinal cord has little regenerative potential, thus limiting
patient recovery following injury. We have previously described
stem/progenitor cells with neural differentiation potential in post-
natal rat brain located in the meninges (arachnoid and pia mater)
covering the parietal cortex. Based on this finding we hypothesize
that adult spinal cord meninges may be a niche for a neural stem
cell-like population. In this study we describe a new population of
cells resident in the adult rat spinal cord meninges that express the
neural stem/precursor markers nestin and doublecortin. A stem/
precursor cell population was extracted from dissociated menin-
geal tissue, cultured in vitro as neurospheres up to several month
and subsequently differentiated into functional neurons and
mature oligodendrocytes. We also provide evidences of participa-
tion of meninges-derived stem/precursors cells to the parenchymal
reaction to injury. Indeed we observed that the proliferation rate
and number of stem/precursor cells in meninges increased in vivo
following spinal cord injury. By using a lentivirus-labeling approach,
we followed the migration of the meninges-derived stem/precur-
sor cells into the parenchyma in injured animals and we found that
they contribute to the glial scar formation. Our data highlight the
multiple roles of meninges in the reaction of the parenchyma to
trauma and indicate for the first time that spinal cord meninges are
potential niches hosting stem/precursor cells that can be activated
by injury. Meninges may be considered as a new endogenous
source of adult stem/precursor cells to be further tested for use in
regenerative medicine applied to neurological disorders, including
repair from spinal cord injury.
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NEUROSPHERE ATTACHMENT AND
ASTROGENESIS ARE INDUCED BY BMP4 VIA PI3K
MEDIATED UPREGULATION OF N CADHERIN

Kim, Mi-Yeon, Kim, Yeong Mun, Yang, Dong-Hwa, Choi, Kang-Yell

Translational Research Center for Protein function control, Biotechnology,
Yonsei University, Seoul, Korea, Republic of

Neurospheres are three-dimensional free-floating aggregates of
neural stem cells (NSCs). These structures have been used as culture
systems for the expansion and differentiation of NSCs without
affecting self-renewal potential and multipotency. The formation
of neurospheres is affected by various factors such as epidermal
growth factor (EGF) or Fibroblast growth factors (FGF) - 2 which are
maintain the self-renewal characteristics. However, the extrinsic
signals that affect the formation or dissociation of neurospheres
are poorly understood. In this study, we found that bone mor-
phogenetic protein 4 (BMP4) induces astrocytic differentiation

and migration of neurosphere NSCs through the attachment of
neurospheres. These effects were accompanied by Akt activation
and N-cadherin upregulation whish is the adhesion molecule.

PI3K inhibitor blocked the attachment of neurosphere, astrocytic
differentiation and N-cadherin upregulation of neurosphere NSCs.
Especially, BMP4-induced neurosphere attachment, astrocytic
differentiation, and migration of neurosphere NSCs were inhibited
by neutralizing N-cadherin antibody. Together, these findings show
that BMP4-induced attachment of neurospheres is related to the
astrocytic differentiation of these cells and that these effects are
attributable, at least in part, via PI3 kinase-Akt pathway-dependent
induction of N-cadherin.
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THE EFFECT OF LEUKOENCEPHALOPATHY
VANISHING WHITE MATTER MUTATIONS ON GLIAL
DIFFERENTIATION

Dooves, Stephanie, van der Knaap, Marjo S., Heine, Vivi M.
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Vanishing white matter disease (VWM) is an autosomal recessive
leukoencephalopathy caused by mutations in genes encoding the
eukaryotic translation initiation factor 2B (elF2B). Children are main-
ly affected, who suffer from progressive neurological symptoms

as ataxia and die at young age. Previous research has shown that
astrocytes and oligodendrocytes in their brain white matter show

a defect in maturation. Currently there is no treatment available.
Our research is focused on 1) To test prospects for cell replacement
therapy for VWM patients. Transplantation of stem cells in early
stages of the disease may halt further progression of the disease
and repair the existing damage. We have generated mouse models
for VWM, which show a phenotype that is similar to that of the
human patients. These mice offer us excellent models to test cell re-
placement therapies. 2) To investigate in vitro the capability of VWM
stem cells to differentiate into fully mature astrocytes and oligo-
dendrocytes. We use induced pluripotent stem cells (iPSCs) derived
from VWM mice and human patients, and test the effects of a VWM
microenvironment on the differentiation of oligodendrocytes.

By combining in vitro and in vivo stem cell work, we hope to eluci-
date the VWM disease pathology further and develop new insights
into therapeutic strategies for VWM and childhood white matter
disorders in general.
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MOTOR NEURONS AND DOPAMINERGIC
NEURONS: NOVEL STEM CELL-BASED SOLUTIONS
ACCELERATING RESEARCH AND DRUG DISCOVERY

Kovarcik, Don Paul
Lonza, Walkersville, MD, USA

Neurons isolated from human tissue have been widely used in
basic research, drug discovery and for treatment of neurodegen-
erative disorders. However, the use of these cells is mired in ethical
and technical issues mainly associated with procurement of human
tissue and isolation of functional cells from the tissue. Alternatively,
human pluripotent stem cells (hPSCs) including human embryonic
stem cells (hESCs) and human induced pluripotent stem cells (hiP-
SCs) offer great promise to generate specialized cells from different
lineages including human neurons. Lonza, Inc. in partnership with
California Stem Cell, Inc. recently launched its first hESC-derived cell
product - MotorPlate™, which are functional, high-purity human
motor neurons (hMNs). MotorPlate™ hMNs are available in a ready-
to-use format (96-well plates or 384-well plates) for use in high
throughput applications. We further developed a method to cryo-
preserve hMNs and demonstrated comparable characteristics to
non-cryopreserved neurons. The frozen vial format provides more
flexibility to researchers in the field. In early 2012 Lonza, Inc. en-
tered into a partnership with xCell Sciences, LLC with the intention
to provide dopaminergic (DA) neurons derived from hESCs and hiP-
SCs to researchers in academia and industry. Following differentia-
tion, the majorities of cells are Tyrosine Hydroxylase- (TH-) positive
and co-express midbrain and A9 dopaminergic markers. Transplan-
tation of these cells in 6-hydroxydopamine induced parkinsonian
rats resulted in amelioration of behavioral deficits, demonstrating
the functionality of these DA neurons. DA neurons derived from
hESCs will be offered in a high throughput format (96-well and
384-well plates) as well as cryopreserved vials. In addition Lonza
will offer generation of DA neurons from iPSCs on a fee-for-service
basis upon request. In conclusion, Lonza, Inc. has established itself
as a reliable source of functional and high purity Dopaminergic and
Motor Neurons suitable for use in basic research, drug discovery
and toxicity testing.

Poster Board Number: T-1091

RECEPTOR-SPECIFIC BLOCKING OF NOTCH
SIGNALLING

Falk, Ronny’, Falk, Anna?, McCafferty, John?

'Biotechnology, Royal Institute of Technology, Stockholm, Sweden,
2Neuroscience, Karolinska Institute, Stockholm, Sweden, 3Biochemistry,
University of Cambridge, Cambridge, United Kingdom

The Notch signalling pathway is instrumental for cell fate diversifi-
cation at multiple stages in development and in cell proliferation in
both normal and diseased states. The pathway has been studied ex-
tensively in mammalian neural stem cells both in vivo and in vitro;
however there is still much uncertainty about the specific functions
of individual Notch receptors and ligands. In mammals there are 5
ligands, which are capable to promiscuously activate the 4 different
Notch receptors (Notch 1-4). Despite this promiscuity, individual
family members have been associated with distinct roles in fate
regulation and also to exhibit different expression pattern in vari-
ous contexts. Thus the ability to specifically block or activate indi-
vidual Notch receptors would provide greater understanding of the
role of the individual receptors and would permit a greater degree
of control in model systems, e.g. stem cells. From a scFv phage dis-
play antibody library we have selected and characterised antibod-

ies specifically binding to Notch family members including recep-
tors Notch 1-3 and the ligands Jagged and Delta. Further, we have
identified blocking antibodies for Notch1 and Notch2. The potency
of blocking antibodies has been determined in a co-culturing assay
and antibodies targeting Notch 1 and 2 are silencing signalling
completely. By qRT-PCR we have verified that downstream target
genes of Notch are down regulated when blocking antibodies are
added to neural stem cells in vitro. Functional antibodies provide a
route to block or activate the individual Notch receptors. In contrast
to other methods, this could be done reversible in genetically
unmodified cells or animals and thus enable flexible regulation of
signalling at multiple stages.

Poster Board Number: T-1092

GENERATION OF PATIENT-SPECIFIC INDUCED
PLURIPOTENT STEM CELLS CARRYING MUTATION
IN SOD1.

Kitaoka, Shiho', Tsukita, Kayoko', Takahashi, Kazutoshi', Okita,
Keisuke', Yamada, Yasuhiro', Izumi, Yuishin?, Kaji, Ryuji?, Nakahata,
Tatsutoshi', Takahashi, Ryosuke®, Yamanaka, Shinya', Inoue,
Haruhisa’

'CiRA, Kyoto, Japan, *Faculty of Medicine, The university of Tokushima,
Tokushima, Japan, *Graduate School of Medicine, Kyoto Univ., Kyoto, Japan

Amyotrophic Lateral Sclerosis (ALS) is a neurodegenerative disorder
in which motor neuron (MN) loss in the spinal cord and motor
cortex leads to progressive paralysis and death. Although most
cases are sporadic, about 10% of cases are inherited. Super oxide
dismutase 1 (SOD1) is the first identified gene which causes ALS.
Accumulating evidence, explored by ALS mice model expressing
mutant SOD1, provides several hypotheses. However, there is no
effective cure so far. To establish drug screening platform, it is nec-
essary to reveal cellular phenotypes in human MNs and other types
of cells. Here, we describe the generation of induced pluripotent
stem cells (iPSCs) from 6 familial ALS patients and the differentia-
tion of disease-specific iPSCs into MNs to establish an ALS model
in vitro. To generate patient-specific iPSCs, dermal fibroblasts were
obtained by biopsy from patients carrying mutant SOD1. The
fibroblasts were reprogrammed by retrovirus vectors or episomal
vectors. These iPSC lines expressed ESC markers such as Nanog
and SSEA-4, and had pluripotency to differentiate into cells of all
three germ layers in vitro and in vivo. DNA sequencing revealed
that mutated alleles of iPSCs are identical to the original specimen.
AlliPSCs preserve normal karyotype. Disease-specific iPSCs were
differentiated into MNs expressing HB9 and ChAT. These results
indicated that disease-specific iPSCs might provide an ALS model
system in vitro.

Poster Board Number: T-1093

INHIBITION OF CRUCIAL TUMOR SUPPRESSOR
PATHWAYS IN ADULT NEURAL STEM CELLS
RESULTS IMBALANCED HOMEOSTASIS AND
GLIOMAGENESIS

Feng, Weijun, Schiitz, Glinther, Liu, Haikun
German cancer research center (DKFZ), Heidelberg, Germany

Neural stem cells (NSCs) have been suggested as cellular origin

of brain tumors. How the endogenous NSCs contribute to brain
tumorigenesis instead of neurogenesis remains poorly understood.
We have previously shown that the nuclear receptor Tix is crucial
for brain tumor initiation from adult NSCs. Here we show that the
tumor suppressor PTEN (phosphatase and tensin homolog deleted
on chromosome 10) is inhibited by Tlx in the adult NSCs. Inactiva-
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tion of the PTEN gene specifically in type B cells of the adult mouse
subventricular zone (SVZ) causes transient expansion, but surpris-
ingly a long-term decrease of neural stem/progenitor cell prolifera-
tion. We provide evidence that an increase of cellular senescence
contributes to the loss of PTEN-deficient neural stem/progenitor
cells. p21 is up regulated in the PTEN mutant but down regulated in
TIx overexpressing NSCs. Genetic ablation of p53, which leads to a
down regulation of p21, together with PTEN loss leads to a continu-
ous increase in stem cell proliferation and brain tumor formation. In
addition, we observed a critical cell fate switch of the mutant NSCs,
which demonstrate the redirection of cell fate toward glial lineage
is one important step for glioma development. This study unmasks
a core pathway in regulation of the balance between adult NSC
homeostasis and tumorigenesis.

Poster Board Number: T-1094

IN VIVO IMAGING OF ENGRAFTED NEURAL
PRECURSOR CELLS: ITS APPLICATION IN
EVALUATING THE OPTIMAL GRAFT CELL NUMBER
FOR SPINAL CORD INJURY

Kobayakawa, Kazu, Kumamaru, Hiromi, Okada, Seiji
Department of Advanced Medical Initiatives, Kyushu University, Fukuoka, Japan

Neural precursor cells (NPCs)-based approaches have been ac-
claimed as potential treatments for many neurodegenerative
disorders, including spinal cord injury (SCI). Indeed, there are a
number of reports in which the transplantation of NPCs in animal
models of SCl has been shown to improve the functional recovery,
and some clinical trials using NPCs have also been performed or
initiated. However, the transplantation protocols are completely
different in several ongoing clinical trials for spinal cord injury (SCl)
with cell therapy and, in particular, there is a considerable varia-
tion in the number of transplanted cells (ranging from 2e5 to 3.7e8
cells), which is exactly the same situation as in animal experiments
(ranging from 7.5e4 to 12.5e6 cells). This chaotic situation hampers
the establishment of an optimal treatment for SCI. Nevertheless,
there has been no attempt to determine the optimal number of
cells for transplantation because of the lack of suitable methodol-
ogy. Conventional evaluation to quantify the number of engrafted
cells mainly relies on histological examination, in which it is very
difficult to distinguish living or dead cells and to count all cells.
Therefore, we employed a bioluminescence imaging (BLI) system to
address this question. NPCs were harvested from embryonic mouse
striatum and labeled with luciferase and green fluorescent protein
(GFP) reporter genes via lentiviral transduction, and GFP-positive
cells were expanded with a neurosphere assay. To examine whether
the number of transplanted cells affects cell survival and functional
improvement, different numbers of lentivirally labeled NPCs (1xe5,
2.5xe5, 5xe5, or 1xe6 cells) were transplanted into the injured
spinal cord immediately after contusion injury at the 10th thoracic
level. After confirming that the number of transplanted NPCs cor-
related with bioluminescence intensity, we tracked the biolumines-
cence intensity and observed comparable rates of NPCs survival,
irrespective of the number of transplanted NPCs. All NPCs-trans-
planted groups showed better locomotor function recovery than
the medium-injected control group in two open-field motor scores
(Basso, Beattie, and Bresnahan (BBB) score and Basso Mouse Scale
(BMS)) and footprint analysis. However, functional recovery was not
significantly different among the NPCs-transplanted groups. Cor-
relational analysis revealed no relationship between the number
of surviving NPCs and the subsequent functional recovery at any
time point. Furthermore, we transplanted a broader range of NPCs
(ranging from 2.5xe4 to 2.5xe6 cells). The transplantation of 2.5xe4
NPCs did not significantly affect functional improvement, but that
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of 2.5xe6 NPCs had a negative effect on functional improvement.
These results indicate that optimizing the number of graft NPCs is
crucial for the treatment for SCI.

Poster Board Number: T-1095

PROTOCOLS FOR MATURE MOTOR NEURON
ISOLATION

Gasparyan, Mari', Malone, Cindy S.?

'CSUN and UCLA, Northridge and Los Angeles, CA, USA, 2CSUN, Northridge, CA,
USA

This study aims to present motor neuron (MN) isolation protocols
that will allow a sufficient yield of cells for analysis by means of im-
munohistochemistry, in situ hybridization, quantitative polymerase
chain reaction (qPCR), and microarray analysis. Recent advances in
stem cell neurobiology have allowed the production of MNs from
stem cells using appropriate signaling factors such as retinoic acid
(RA) and sonic hedgehog (Shh). However, obtaining a uniform
population of MNs in cell culture has been a challenge, as stem
cells differentiate into other neural cell fates. Obtaining a homog-
enous MN population has also been a challenge in vivo, as a species
ubiquitous protocol for isolating MNs from the spinal cord has yet
to be developed. This study aims to describe how a uniform popu-
lation of MNs can be isolated in vitro and in vivo using isopycnic
density centrifugation and fluorescent activated cell sorting (FACS).
Hb9::GFP transgenic mouse embryonic spinal cords were dissected
from 14.5 day old embryos. Liberase dissociated spinal cords were
subjected to FACS using the homeobox gene Hb9:GFP reporter
and neurotrophin receptor (p75NTR) antibody as MN isolation
markers. FACS assessment indicated an isolation of 31.2% Hb9:GFP
and p75NTR double positive in vivo-derived spinal cord MNs.
Liberase dissociation of day 8 Hb9::GFP mouse embryonic stem

cell (mESC)-derived MNs were also subjected to FACS, showing an
isolation of 61.3% Hb9::GFP and p75NTR double positive in vitro-
derived MNs. gPCR analysis targeting MN specific markers such as
choline acetyltransferase (ChAT) and LIM homeodomain protein is-
let-2 (Isl2) showed higher normalized ratios of ChAT and Isl2 expres-
sion in Hb9::GFP and p75NTR double positives. Papain dissociated
e14 mouse spinal cords were subjected to a HistoDenz density gra-
dient. Immunocytochemical cell counts of Hb9::GFP positive cells
showed a 2.73% yield of MNs. From FACS analysis and HistoDenz
density centrifugation, we can conclude that MNs were isolated,
albeit at a moderate efficiency using FACS and low efficiency using
density centrifugation. Isolation of homogenous MN populations in
vitro and in vivo is essential; as a comparison of these two systems
will provide information on how accurately stem cell-derived MNs
resemble their in vivo complement. Analysis of isolated MNs via in
situ hybridization and microarray will allow identification of new
key regulators responsible for MN development; aside from already
known common regulators. This feat will allow the development of
a defined in vitro model for neurodegenerative diseases, as well as
offer hope for future cell replacement therapy.
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SMALL MOLECULES THAT INDUCE NEUROGENESIS
AND INHIBITS GLIOGENESIS IN NEURAL STEM
CELLS

Kong, Sun-Young', Jin, Chang-Yun', Kim, Woosuk', Min, Kyung-
Hun?, Kim, Hyun-Jung'

"Laboratory of Molecular and Stem Cell Pharmacology, College of Pharmacy,
Chung-Ang University, Seoul, Korea, Republic of, ’Laboratory of Innovative
Medicine Discovery, Chung-Ang University, Seoul, Korea, Republic of

Human neurodegenerative disorders are closely associated with a
loss of neurons and glial cells in the central nervous system. Neural
stem cells (NSCs) are potential and attractive sources for cell re-
placement therapy and regeneration in the central nervous system
(CNS), and small molecules that can modulate NSCs differentiate
into a certain cell types can be useful agent for the therapeutic
application. In an effort to provide stem cell-based therapeutic
approaches using NSCs, an in vitro screen was performed in search
of chemicals inducing neurogenesis in NSCs. About 100 chemicals
were screened through image based screening, and we found the
chemical named KHN 01, that significantly induce neurogenesis
and inhibited gliogenesis. KHN 01 and its derivatives, KHN 02 and
03, were tested to see if they could regulate NSC differentiation.
Immunocytochemistry analysis showed that KHN 01, 02 and 03
induced neuronal marker Il tubulin and inhibited production

of glial cells such as astrocytes and oligodendrocytes, suggesting
that KHNs selectively induce a neuronal differentiation in expense
of gliogenesis. Immunocytochemistry analysis using antibodies
against BrdU and Ki67 revealed that KHNs inhibited cell prolifera-
tion. The neurogenic effects of KHNs disappeared when epithermal
growth factor was present. In addition, KHNs synergistically in-
crease neurogenesis when treated with PD 98059, a selective MEK
inhibitor. From these observations, KHNs reduced cell proliferation
and induced neurogenesis along with the inhibition of gliogenesis
in NSCs, and may be useful for modulating NSC fate.

Poster Board Number: T-1097

IDENTIFICATION OF MOLECULES IMPORTANT FOR
THE DEVELOPMENT OF RESPIRATORY MOTOR
CIRCUITS USING MICROARRAY ANALYSIS

Han, Yoon, Novitch, Bennett
University of California, Los Angeles, Los Angeles, CA, USA

Respiratory failure is the most common cause of death in motor
neuron (MN) degenerative diseases such as spinal muscular atro-
phy and amyotrophic lateral sclerosis and in upper cervical spinal
cord injuries. The advent of methods to generate spinal MN from
both embryonic and induced pluripotent stem cells has opened up
new possibilities for studying the pathogenesis of MN disease in vi-
tro and developing cellular therapies to replace damaged neurons
and restore motor functions. However, most of the procedures cur-
rently used to generate MNs from stem cells produce only a limited
subset of the MN classes found in vivo and do not efficiently gener-
ate respiratory MNs. To overcome this challenge, we have set out to
define the molecular pathways that lead to MN formation and func-
tional diversification. While much emphasis has been focused on
understanding the development of limb-innervating lateral motor
column (LMC) MNs, the factors important for hypaxial/respiratory
motor column (HMC) specification remain poorly defined. We have
previously demonstrated that the transcription factor Foxp1 plays
an essential role in LMC MN formation by suppressing the genera-
tion of HMC MNs. To identify novel determinants of HMC MN fate,
we have carried out gene expression profiling experiments com-

paring control and Foxp1 mutant MNs. This analysis has revealed a
number of transcription factors, growth factors, and axon guidance
molecules present in HMC MNs that may serve a critical function in
respiratory MN development and circuit assembly. We will present
our current research into the molecular and functional analyses of
the genes unveiled in this study.

Poster Board Number: T-1098

ABERRANT FOCAL ANGIOGENESIS IN THE
SUBVENTRICULAR ZONE INDUCED BY EPIDERMAL
GROWTH FACTOR

Lindberg, Olle R., Brederlau, Anke, Kuhn, H. Georg

Center for brain repair and rehabilitation, Institute for Neuroscience and
Physiology, Gothenburg, Sweden

The ErbB receptor family mediates a plethora of effects in a wide ar-
ray of tissue types and contexts. Signaling through the ErbB recep-
tors is often altered in cancerous tumors. Increased ErbB signaling,
mainly ErbB1 (EGFR) and ErbB2, can lead to increased proliferation
and invasiveness of tumor cells. There is also evidence suggest-

ing a role of ErbB1 in angiogenesis, characterized by expression

of ErbB1 in endothelial cells. We have previously described that
intracerebroventricular infusion of epidermal growth factor (EGF)
induces dysplasia in hyperproliferative polyps in the subventricular
zone (SVZ). Interestingly, blood vessels develop in about 30% of
the polyps after continuous EGF infusion for 14 days. Structurally,
the newly formed vessels are of a disorganized and glomeruloid ap-
pearance. Sometimes as bundles sprouting from a single SVZ blood
vessel, and other times as a highly vascularized ventricle wall. These
vessels are to a large extent covered by pericytes strongly express-
ing NG2. However, NG2 is also expressed by other cell types such

as polydendroglia and oligodendrocyte progenitors. We found
cells expressing NG2 throughout the brain; however, pericytes
strongly expressing NG2 were restricted to the dysplastic areas. This
indicates that neoangiogenesis is not a general phenomenon in
the EGF infused SVZ but specifically induced in hyperproliferative
areas. The putatively angiogenic area showed multi-luminal vessels
and signs of immaturity based on ultrastructural characteristics,
such as a thickened endothelial cell layer. In addition, these vessels
exhibited a dysfunctional blood-brain barrier, demonstrated by
albumin extravasation using Evans blue. Using an antibody against
phosphorylated EGFR we found phospho-EGFR-positive endothe-
lial cells exclusively in the angiogenic foci. These results suggest
angiogenic properties of EGF, specific to hyperproliferative areas in
the SVZ.

Poster Board Number: T-1099

MUSASHI1 POST-TRANSCRIPTIONALLY
REGULATES THE GENE EXPRESSION IN NEURAL
STEM/PROGENITOR CELLS AND GLIOMA.

Imai, Takao', Muto, Jun? Kawase, Satoshi', Shibata, Shinsuke',
Okano, Hideyuki'

'Department of Physiology, Keio University School of Medicine, Shinjuku, Tokyo,
Japan, 2Department of Neurosurgery, Keio University School of Medicine,
Shinjuku, Tokyo, Japan

Musashi is an evolutionarily conserved family of RNA-binding
proteins that is expressed in the nervous system. In Drosophila, this
protein plays an essential role in regulating the asymmetric cell
division of sensory organ precursor cells through the translational
regulation of target mMRNA (Nakamura et al., Neuron 1994; Okabe
et al., Nature 2001). Its mammalian homologues, Musashi1 and
Musashi2, are RNA-binding proteins that are expressed in fetal and
adult neural stem/progenitor cells (NS/PCs). Previously, our group
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reported that the transcript of m-numb was identified as target of
Musashi1, and were repressed the translation by Musashi1 through
inhibition of mutual interaction of two translational initiation pro-
teins, PABP and elF4G (Imai et al., Mol Cell. Biol., 2001; Kawahara et
al,, J. Cell Biol. 2008). We and other group independently demon-
strated that Musashi1 and Musashi2 activate the Notch signaling
pathway by translational repression of the mRNA for the Numb pro-
tein, a negative regulator of the Notch-signaling pathway (Imai et
al., Mol Cell. Biol. 2001; Ito et al., Nature 2010; Kharas et al., Nat. Med.
2010). Other Musashi1-target transcripts, p21waf1, doublecortin,
and APC were identified by our group and other groups (Battelli et
al., Mol. Cell. Neurosci. 2006; Horisawa et al., FEBS Lett. 2009; Spears
and Neufeld, J. Biol. Chem. 2011). However, entire Musashil-target
mRNA:s in self-renewing neural stem cells had remained to be
elucidated. For the purpose of revealing whole of Musashi1-RNA
networks in NS/PCs, we purified endogenous Musashi1-RNA com-
plexes in NS/PCs by immunoprecipitation, and identified Musashi1-
associateing mRNAs by using gene expression microarray method.
Interestingly, the result showed that many mRNAs of tumor-related
genes, cell cycle-regulating genes and differentiation-regulating
genes were concentrated by Musashi-specific immuno-purifica-
tion. In order to know whether Musashi1 regulates self-renewal
ability through the regulation of the Musashi1-associating mRNAs
in NS/PCs and tumor cells, we focused some tumor-related genes
among them. siRNA ablation studies against musashi1 were per-
formed by using low times-passaged glioblastomas, established
glioblastoma cell lines, and medulloblastoma cell line, which form
‘gliomasphere’in the stem cell culture condition with both EGF
and FGF2.The decrease of Musashi1 in tumor cells led to increased
expression of the Musashi1-target genes including Numb and
PTEN. Furthermore, our results showed the reduction of post-tran-
scriptional regulation by Musashi1 impaired self-renewing activity
and cell survival competence of glioma cells through the deactiva-
tion of Notch and PI3K-Akt signaling pathways. Taken together, our
observation suggested that Musashi protein plays an important
role in the self-renewing cells in the tumor as well as NS/PCs.

Poster Board Number: T-1100

REGULATION OF NEURAL STEM CELL SELF-
RENEWAL AND DIFFERENTIATION

Choi, Si Ho', Lyu, Jungmook', Yamamoto, Vicky', Zhong, Jinyang
Joyce', Lu, Wange?

'USC, Los Angeles, CA, USA, 2University of Southern California, Los Angeles, CA,
USA

Whnt signaling plays a critical role in regulating self-renewal and dif-
ferentiation of neural stem cells. We previously reported that a Wnt
receptor, Ryk intracellular domain (ICD) translocates into the nu-
cleus and regulates GABAergic neuronal differentiation. However,

it remains to be elucidated how Ryk ICD moves to the nucleus and
regulate neuronal differentiation. We have recently identified the
nuclear protein Smek as a Ryk ICD interacting protein. Smek expres-
sion is upregulated during neuronal differentiation and is sufficient
to drive the nuclear localization of Ryk ICD. In addition, Smek over-
expression increased neuronal differentiation in Ryk-dependent
manner. To further examine roles of Smek in neurogenesis in vivo,
we have generated Smek double knock out mice. We demonstrat-
ed that Smek is required for GABAergic neuronal differentiation and
directly regulate the expression of Dlx transcription factors which
are essential for GABAergic neuronal differentiation. These data
suggest that Smek might be a key regulator of Wnt-Ryk signaling in
GABAergic neuronal differentiation of developing mice brain.
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Epithelial Cells (Not Skin)
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IDENTIFICATION OF MELANOCYTE STEM CELLS
IN ECCRINE GLANDS AS A POTENTIAL SOURCE OF
ACRAL MELANOMA
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Nishimura, Emi K.

'Department of Stem Cell Biology, Tokyo Medlical and Dental Univ., Tokyo,
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National Research Institute for Child Health and Development, Tokyo, Japan

Human cutaneous melanoma is a highly aggressive cancer that is
resistant to traditional cancer treatments including both chemo-
and radio-therapy1-3. Acral melanoma is the most prevalent
subtype of melanoma in the non-Caucasian population. The prefer-
ential proliferation of early acral melanoma cells along and around
epidermal eccrine ducts (EG), a reliable early diagnostic sign of
melanoma with a 99% specificity4, has indicated a close association
between early acral melanoma in situ and EGs. However, neither the
presence of melanocytic cells in the eccrine sweat glands nor the
precise origin of these melanoma cells is known as in most cancers.
Here, we report the identification of melanocyte stem cells (MelSC)
in mouse and human acral skin. We identified unpigmented mela-
noblasts residing in the secretory portion (SP) of EGs, using lineage-
tagged H2B-GFP reporter mice. These melanoblasts are normally
kept in an immature, slow-cycling state but are able to self-renew,
indicating that this population possesses adult stem cell features in
the niche area. In response to stress, including ionizing irradiation,
they not only renew themselves but also provide amplifying and
differentiating progeny that migrates upward toward the epidermis
where they mature into melanin pigment-producing melanocytes.
In addition, we found that a similar population expressing melano-
cyte lineage marker MART1 reside in the secretory portion of the
EGs in human acral skin. Analysis of early acral melanoma in situ
revealed that distribution of MART 1+ proliferating melanoma cells
are not localized only within the epidermis but accompanied by
their contiguous distribution starting from the SP of a particular EG
through the connecting eccrine ducts (ED) in early melanoma le-
sions. Thus, we propose that the EG-MelSCs are the potential source
of human acral melanoma that produces melanoma initiating cells
during their constitutive renewal.

Poster Board Number: T-1102

GENERATION OF AN IN VITRO MODEL OF CYSTIC
FIBROSIS

Firth, Amy L.', Singer, Oded’, Menon, Tushar', Qualls, Susan J.},
Khanna, Ajai?, Verma, Inder M.’

'Laboratory of Genetics, The Salk Institute, La Jolla, CA, USA, Department of
Surgery, University of San Diego, San Diego, CA, USA

Cystic Fibrosis (CF) is an autosomal recessive inherited chronic lung
disease and with over 70,000 patients worldwide it is associated
with severe disability and a short life expectancy. Current animal
models of CF poorly simulate clinical lung disease and a lack of
primary lung tissues has limited the rate of research progress.

With this in mind we are using patient derived iPSC to generate

a reproducible in vitro model of CF with potential for a matched
positive control using homologous recombination techniques to
correct the identified mutation. Provirus free iPSC were generated
from fibroblasts isolated from a skin biopsy obtained from a CF
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organ donor. iPSC were generated using a CRE excisable six factor
polycistronic lentiviral reprogramming cassette that we developed
and colonies were picked at day 14 of reprogramming. The provirus
was excised using CRE-RNA and excision was confirmed by absence
of a PCR product for the lentiviral backbone and the SOX-2/KLF4
junction in the reprogramming plasmid. Both iPSC and provirus
iPSC were fully characterized for stem cell pluripotency including
endogenous gene expression, immunofluorescent imaging of colo-
nies, EB formation, teratoma formation of all three germ layers and
routine karyotype analysis. The genotype of the patient was con-
firmed to be delta 508 homozygous and the mutation was retained
across all cell types generated; fibroblasts, iPSC and provirus free
iPSC. Using both CF iPSC and control fibroblast derived iPSC a dif-
ferentiation protocol was developed consisting of a differentiation
to definitive endoderm (SOX17, GATA6 positive) and plating of the
cells first in a liquid-liquid and then air-liquid interface in transwell
inserts. A timecourse of RNA analysis by gPCR indicates an increase
in definitive endoderm markers GATA6, SOX17 and NKX2.1, which
isimportant in early lung development and differentiation of the
distal lung compartments. As differentiation progresses genera-
tion of cells expressing FOXJ1 and acetylated a tubulin is indicative
of a push towards ciliated cells and the expression of pulmonary
surfactant proteins B, C and D indicates alveolar cell differentiation.
Cells also formed tight junctions indicated by ZO-1 and epithelial
Cadherin staining and strongly expressed cytokeratin 18 and to a
lesser extent cytokeratins 14 and 19. Furthermore, there is a distinct
change in the expression of CFTR in differentiated cells incubated
for 24 hours at 30°C with notable increase in cell surface expression
observed at the lower temperature. In conclusion we have gener-
ated the first (to our knowledge) functional patient specific model
of cystic fibrosis with the capacity for a congenic positive control
via homologous recombination and correction of the mutant gene.

Poster Board Number: T-1103

BIOENGINEERING OF HUMAN CORNEAL
EPITHELIAL STEM/PROGENITOR CELLS BY
MODULATING THE WNT SIGNALING PATHWAY

Deng, Sophie X., Nakatsu, Martin, Mei, Hua
Jules Stein Eye Institute-UCLA, Los Angeles, CA, USA

Wingless (Wnt) signaling plays a critical role in the regulation and
maintenance of stem cells. This study investigates the Wnt signaling
pathway in human corneal epithelial stem/progenitor cells. Differ-
ential gene profiling of the human limbus, conjunctiva and cornea
revealed that there were 146 transcripts preferentially expressed

in the limbus where the putative corneal epithelial stem cells are
located. Wnt signaling pathway was among the notable biological
processes, and Wnt6 and Fz7 preferential expression in the limbus
was confirmed by gRT-PCR and immnohistochemistry. When the
primary human limbal epithelial cell culture was supplemented
with Wnt6 using the Wnt6 overexpressing mouse 3T3 feeder cells,
the expression of putative stem cell markers, ABCG2 and corneal
maturation marker, keratin 12 expression had a 3 fold decrease.

On the other hand, loss of the stem/progenitor phenotype in
culture correlated with a lower expression level of Fz7. In addition,
knockdown of Fz7 expression using shRNA in the primary human
limbal epithelial cells led to the loss of stem/progenitor phenotype.
Colony forming efficiency was significantly decreased. In summary,
our data indicated that Wnt signaling pathway regulates the dif-
ferentiation of the limbal stem/progenitor cells and Fz7 might be
responsible for transducing the Wnt signaling. Modulating the Wnt
signaling could increase the efficiency of limbal stem/progenitor
cell expansion in vitro.

Poster Board Number: T-1104

ELUCIDATING THE ROLE OF ACTIVATED NICHE
SIGNALS IN REGULATING HUMAN LIMBAL STEM
CELLS PROLIFERATION AND MAINTENANCE

Khramjuntuk, Supaporn, Ingrungruanglert, Praewphan, Israsena,
Nipan
Chulalongkorn University, Bangkok, Thailand

Tissue-specific stem cells play a key role in facilitating the main-
tenance of self-renewing tissues and repair after injury. Evidence
suggested that corneal epithelial stem cells reside within the

basal layer of the limbus, the narrow zone between the cornea

and the bulbar conjunctiva. In response to injury cues, dormant
LESCs are efficiently activated and produce numerous progenitors
and mature cells. Diseases that affect the limbal epithelial stem
cells(LESCs), such as chemical burn, thermal burn, and Steven-
Johnson syndrome can leads to condition called limbal stem cell
deficiency, characterized by conjunctival epithelial ingrowth, vascu-
larization, and chronic inflammation, and eventually can lead to vi-
sion loss. The molecular mechanisms by which limbal niche signals
affect LESCs fate decisions during normal tissue homeostasis and
during injury state are largely unknown. In this study, we found that
TGF-B, the main during corneal wound repair, strongly promoted
BMP antagonists, noggin and gremlin, and VEGF expression in the
underlying limbal stromal cells. When LESCs were culture 3T3 cells
overexpressing BMP antagonists, LESCs exhibited significant higher
colony forming capability than when cultured on unmodified 3T3
cells. Cells from colonies grown on 3T3-noggin however, displayed
more differentiated phenotypes and reduced the ability to sustain
serial passages suggested the loss of self-renewal capability. Gene
expression analysis also showed an activation epithelial-mesen-
chymal transition (EMT) transcription program. Importantly, when
small molecule modulators of TGF-f3 signaling were applied to the
culture system, LESCs can be serial passage for more than 2 months
(>10 passages) while still exhibited high level of P63 expression and
retained their ability to generate holoclones. Modulation of niche
signals could also reverse the phenotypic changes of LESCs grown
on 3T3-noggin and enable long-term serial culture. Taken together,
our results underline the potential of therapeutic strategies target-
ing TGF-B/ BMP signaling in corneal injuries with/or without LESCS
transplantation.

Poster Board Number: T-1106

REPROGRAMING OF HUMAN AMNIOTIC
EPITHELIAL CELLS BY OCT4 OVEREXPRESSION

Koike, Chika, Yoshida, Toshiko, Okabe, Motonori, Nikaido, Toshio
Universiy of Toyama, Toyama, Japan

Objectives; Oct4 is supposed to be a key factor of cell repro-
gramming, as iPS cells have been established by introduced the
combination of Oct4, Sox2, KIf4, and c-Myc or Oct4, Sox2, Nanog,
and Lin28. Here, we examined the possibility of cell reprogramming
by overexpressing Oct4 using electroporation. Methods; Plasmid
vector harboring Oct4 gene downstream of CMV-promoter was in-
troduced into immortalized human amniotic epithelial cells (iIHAEs)
using electroporation. Each gene expression was detected by
RT-PCR, quantitative RT-PCR, and protein expression was detected
by immunocytochemistry and flowcytometric analysis. Results;
Although the expression of Oct4 gene and protein was increased
immediately by introducing Oct4 gene, they were decreased chron-
ically and acceleratingly since two days after the introduction. The
expression of stemness marker gene Rex1 was increased two days
after the introduction and SSEA4 positive cells increased 5-10%
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four days after the introduction. SSEAT, differentiation marker,
positive cells decreased 10-20% eight days after the introduction.
Conclusion; The expression of Rex1 and SSEA4 was increased and
the expression of SSEA1 was decreased with Oct4 overexpression. It
is suggested that Oct4 induces cell reprogramming.

Poster Board Number: T-1107

INHIBITION OF PROTEIN NITROSYLATION
ENHANCES LIVER REGENERATION AFTER TOXIC
INJURY

Cox, Andrew’, Kelsey, Peter', Rosenthal, Gary? North, Trista®,
Goessling, Wolfram'

'Brigham & Women's Hospital, Boston, MA, USA, 2N30 Pharmaceuticals, Boulder,
CO, USA, *Beth Israel Deaconess Medical Center, Boston, MA, USA

Acetaminophen (APAP) liver toxicity is the most common cause

of fulminant liver failure. Currently, there are no treatments to en-
hance recovery from toxic injury. Signaling pathways that modulate
embryonic liver development may help to elucidate conserved
mechanisms that effect liver regeneration. In order to identify
novel regulators of liver development in vivo, we performed a
chemical genetic screen in zebrafish embryos, which revealed that
nitric oxide (NO) signaling modulated liver development. The NO
donor S-nitroso-glutathione (GSNO) caused increased liver size at
72 hpf, assessed by in situ hybridization for liver fatty acid binding
protein (Ifabp) and quantified by FACS of GFP-labeled hepatocytes.
In contrast, NO inhibition through N-nitro-L-arginine methyl ester
(L-NAME) caused smaller livers. GSNO and L-NAME altered expres-
sion of the hepatoblast marker hhex, indicating that NO signaling
affects the liver progenitor pool during liver development. NO
mediated its effects not via the classical pathway of cGMP signal-
ing, but through protein nitrosylation: while modulation of cGMP
had no impact on liver size, knockdown or chemical inhibition of
the negative regulator of protein nitrosylation, GSNO reductase
(GSNOR), resulted in larger livers. In order to determine whether NO
signaling also impacted recovery after liver injury, we employed
previously validated larval and adult zebrafish models of APAP liver
toxicity: zebrafish exposed to APAP develop hepatocyte necrosis,
as demonstrated by elevated alanine aminotransferase levels

and histology, and death. Treatment of APAP-exposed fish with a
novel GSNOR inhibitor (N6547, N30 Pharmaceuticals) significantly
prevented the rise in alanine aminotransferase, improved hepa-
tocyte necrosis and enhanced cell proliferation, as demonstrated
by BrdU incorporation. Furthermore, GSNOR inhibition improved
survival by more than 50% following APAP exposure. Patients with
APAP liver toxicity may not immediately present after drug inges-
tion, reducing the efficacy of the only available clinical antidote,
N-acetylcysteine (NAC): GSNOR inhibition acted synergistically with
NAC after delayed treatment up to 18 hours after APAP exposure,
thereby expanding the therapeutic window to improve outcome.
In order to demonstrate a conserved role of GSNOR in mammalian
liver injury, we treated wild-type and GSNOR knockout mice with
sublethal doses of APAP: wild-type mice exhibited an increase in
alanine aminotransferase levels at 6 and 24 hrs, whereas GSNOR-/-
mice had significantly lower values. Furthermore, wild-type mice
developed characteristic pericentral necrosis following APAP expo-
sure, while GSNOR-/- had minimal injury. These data demonstrate
that NO signaling, acting via nitrosylation, affects liver progenitors
to ensure optimal liver development and regeneration following
APAP induced liver injury. We propose that NO can act as a rapid
signaling molecule to sense injury and initiate the regenerative
response. GSNOR is an excellent candidate for novel therapeutic
approaches to improve the regeneration and outcome in APAP liver
failure.
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PLURIPOTENT TRANSCRIPTION FACTOR OCT4
PROMOTES CELL MIGRATION IN ENDOMETRIOSIS

Huang, Yen-Hua', Chang, Jui-Hung', Au, Heng-Kien? Lee, Wei-Chin
Lee', Wang, Le-Ming? Tzeng, Chii-Ruey?

'Dept Biochemistry, Taipei Medical Univ Sch of Medicine, Taipei, Taiwan,
2Department of Obstetrics and Gynecology, Taipei Medical Univ Sch of
Medicine, Taipei, Taiwan

BACKGROUND: Endometriosis is the growth of endometrial tissues
eutopically and/or ectopically which present high cell migration
ability. Pluripotent transcription factor OCT4 has been associated
endometriosis. However, the role of OCT4 in endometriosis still re-
mains largely unknown. This study aims to examine the expression
profile of pluripotent transcription factor OCT4 in human ectopic
endometriosis progression and its role in migration of endome-
trium cells. METHODS AND RESULTS: We analyzed the gene and
protein expression level of pluripotent transcription factor OCT4
and NANOG in patient tissues (n=110) by quantitative real-time
RT-PCR and immunohistochemical staining. While comparison with
human endometrium (n=2) and myoma (n=4), the hyperplasia
(n=37) and ectopic endometriosis tissues (n=67, 19 for adenomyo-
sis and 48 for chocolate cyst) showed a significantly increasing of
OCT4 and NANOG expression in mRNA level. The OCT4 protein was
both detected in stromal and luminal epithelial cells of adenomyo-
sis- and chocolate cyst tissues. The OCT4 expression level in endo-
metriosis tissues is positively correlated with the gene expressions
which associated with cell migration, such as Twist, Snail, Slug, and
Vimentin. Overexpression of OCT4 protein in human endometrium
carcinoma cell lines RL95-2 and HEC1A (both in low OCT4 expres-
sion level) significantly increased the expression level of migration-
associated genes (Twist, Snail, Slug, N-cadherin, and Vimentin) and
proteins (N-cadherin and Vimentin); and promoted the migration
of endometrium cells which was evidenced by wound healing- and
transwell assay. Immunocytochemical staining combined with
confocal images further demonstrated that OCT4 affects actin
filament distribution and the migratory morphology of human en-
dometrium cells. CONCLUSIONS: OCT4 expression in endometrium
cells showed a high impact on ectopic endometriosis progression
and significantly increased the migration ability of endometrium
cells. Findings in this study may provide a potential early diagnosis
biomarker and part of the molecular mechanism in the progression
of human ectopic endometriosis and ovarian cancers.

Poster Board Number: T-1109

P18 DELETION IMPROVES STEM CELL SELF-
RENEWAL, ORGAN HOMEOSTASIS, AND LIFESPAN
OF TELOMERE DYSFUNCTIONAL MICE WITHOUT
AFFECTING DNA DAMAGE CHECKPOINTS

Eshragi, Parisa’, Morita, Yohei', Sperka, Tobias', Thal, Dietmar?,
Lechel, André’, Rudolph, K. Lenhard’

"Max-Planck Research Department on Stem Cell Aging, Ulm University, Ulm,
Germany, ’Laboratory of Neuropathology, Ulm University, Ulm, Germany

Telomere shortening limits the lifespan of primary cells and tissues
by induction of p53 dependent checkpoints limiting the self-re-
newal of stem cells and tissue homeostasis. The cell cycle inhibitor
p18 regulates G1 cell cycle transition and self-renewal of hemato-
poietic stem cells but its role in DNA damage induced aging has
not been explored. Here we show that the deletion of p18 leads to
improvements in stem cell self-renewal in the intestinal epithelium
and in the hematopoietic system of telomerase knockout mice with
dysfunctional telomeres. These improvements in stem cell main-
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tenance result in improved organ homeostasis and an elongated
lifespan of the mice. The study shows that telomere dysfunction
does not induce an upregulation of p18 and the deletion of p18
does not ameliorate telomere dysfunction or the induction of
DNA damage checkpoints. Together, these results provide the first
experimental evidence that improvement of stem cell self-renewal
can prolong organ homeostasis and lifespan in the context of acti-
vated DNA damage checkpoints.

Poster Board Number: T-1110

THE ROLE OF SLIT/ROBO SIGNALING IN MOUSE
MAMMARY STEM CELL SELF-RENEWAL AND
PROGENITOR DIFFERENTIATION

Harburg, Gwyndolen C.', Marlow, Rebecca?, Compton, Jennifer’,
Strickland, Phyllis', Hinck, Lindsay’

"Molecular, Cell, and Developmental Biology, University of California, Santa
Cruz, Santa Cruz, CA, USA, ?Research Oncology, King’s College London, London,
United Kingdom

In the breast, SLIT/ROBO signaling is important for normal develop-
ment and it also acts as a tumor suppressor pathway. Our data sug-
gest that secreted SLIT proteins, signaling through ROBO receptors,
are crucial components of the mammary extracellular environ-
ment, and may be important for regulating division of mammary
stem cells (MaSCs) and differentiation of their progenitors. Double
knockout of Slit2 and Slit3 in mammary gland serial transplants
results in enhanced longevity. In wild-type (WT) mammary glands,
this procedure can be performed serially for 5-6 generations before
no further outgrowths are obtained. In Slit2-/-;Slit3-/- tissue, how-
ever, four independently-derived lines of tissue have been serially
transplanted up to 13 generations, suggesting that loss of SLIT/
ROBO signaling leads to a delay in MaSC senescence. Conversely,
chronic treatment of the Lin-CD29hiCD24+ (DP) population, which
is enriched for MaSCs, with SLIT2 in vitro decreases self-renewal,

as assessed by passaging ability, in comparison with untreated

DPs. Whereas SLIT2 treated DPs can be passaged 3-4 times before
undergoing senescence or terminal differentiation, untreated

DPs can be passaged 7-8 times. Together, these data confirm the
importance of SLITs as regulators of MaSC self-renewal. SLIT/ROBO
signaling also appears to act independently of its MaSC self-renew-
al effects to regulate progenitor activity and differentiation. In vitro,
luminal progenitors (Lin-CD291oCD24+CD61+) derived from Slit2-/-
;Slit3-/- mammary glands give rise to larger colonies, indicating that
these progenitors proliferate more to give rise to excess daughter
cells. Treatment of WT luminal progenitors with SLITs does not af-
fect colony size, but does increase colony number, suggesting that
SLITs may help to keep luminal progenitors from differentiating
into mature luminal cells. These data suggest that SLIT/ROBO sig-
naling may influence mammary gland development by regulating
progenitor activity and differentiation. Current studies are focused
on examining whether SLIT/ROBO signaling regulates MaSC and
progenitor cells through candidate downstream pathways such

as Wnt and Notch signaling. In summary, our research shows that
SLIT/ROBO signaling is an important regulator of the mammary
epithelial cell hierarchy by promoting non-renewal of MaSCs as well
as proliferation and differentiation of their progenitor offspring.

Liver Cells

Poster Board Number: T-1111

BI-POTENT HEPATIC PROGENITORS DERIVED
FROM HUMAN PLURIPOTENT STEM CELLS FOR
DRUGTESTING

Chen, Kevin, Hsu, Lih-Tao, Chang, Shiun-Yin, Huang, Hui-Ting,
Chen, Wannhsin

Biomedical Technology and Device Research Labs, Industrial Technology
Research Institute, Hsinchu, Taiwan

Primary human hepatocytes are a valuable tool for biomedical
research, the pharmaceutical industry and therapeutic applications.
They are becoming increasingly utilized in drug development to
evaluate human specific drug properties such as metabolic fate,
drug-drug interactions and drug toxicity. However, the demand for
primary human hepatocytes far exceeds the available supply and
the quality of primary hepatocytes is highly variable. Human em-
bryonic stem cells (hESCs) could in principle provide a renewable
source of human hepatocytes. However, the derivation methods
described so far are inefficient and do not yield pure populations of
functional mature hepatocytes. Our preliminary study showed that
TW6 hESCs differentiate into hepatocytes via a progenitor stage

in which cells were capable of extensive growth. By expanding
these progenitors in culture and inducing hepatic differentiation,

a pure population of hepatocytes could be generated with high
efficiency and shorter time course. Thus the focus of this study

was to develop a platform for derivation and expansion of hepatic
progenitors from hESCs. To achieve this, hESCs were differentiated
into cells expressing hepatic progenitor markers at day 13, followed
by expansion in a serum-free expansion medium for two weeks.
The expanded cells displayed proliferative ability as indicated by
Ki67 expression, exhibited high nucleus-to-cytoplasm ratio, and ex-
pressed hepatic progenitor markers such as AFP and EpCAM. These
cells were passaged at confluency using mechanical dissection.
Furthermore, the progenitors could be induced to differentiate into
albumin-positive hepatocytes or CK7-positive cholangiocytes, ex-
hibiting bi-potent differentiation potential. The hepatic progenitor
cells can be utilized as a renewable source of hepatocytes and may
potentially be useful for cell therapies, bioartificial livers, hepatitis C
virus infection cell model and drug testing.

Poster Board Number: T-1112

GENERATION OF CGMP-COMPATIBLE
FUNCTIONAL HEPATOCYTES FROM A CLINICAL-
GRADE HUMAN EMBRYONIC STEM CELL LINE

Ma, Xiaocui, Duan, Yuyou, McCoy, Belinda, Wang, Charles, Tschudy-
Seney, Ben, Zern, Mark

Transplant Research Program, Department of Internal Medicine, Institute for
Regenerative Cures, UC-Davis Medical Center, Sacramento, CA, USA

Human embryonic stem cells (hESC) hold great potential for use in
regenerative medicine and drug development. However, grow-
ing and maintaining hESC on mouse feeder layers with the use of
animal products hinders their clinical applications. Recently hESC
have been developed as clinical-grade cell lines by BioTime. In this
study, we have attempted to generate cGMP-compatible functional
hepatocytes employing a clinical-grade hESC line and feeder-free
(FF) and xeno-free conditions. Line ESI-035 (ESI35) was recovered,
expanded and maintained on either mouse feeder cells, human
feeder cells, or Matrigel, then differentiated into hepatocytes. The
ESI35-derived hepatocytes (ESI35-Hep) were characterized by the
expression of liver-specific proteins and functions, as well as by
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metabolic profiling of the drug bufuralol (BF). Under our modified
conditions (no animal products), ESI35 cells grown on mouse or
human feeders or on Matrigel were initially induced to contain a
high percentage of definitive endoderm (DE) cells as assessed by
the expression of SOX17 and CXCR4 at levels between 95% and
98%, as determined by flow cytometry (FC), and by showing a
uniform morphology when immunostained. Employing our xeno-
free differentiation protocol and FDA certified fetal bovine serum,
the DE cells were successfully differentiated into hepatocytes with
91-98% of cells positive for albumin (ALB) and al-antitrypsin after
3-4 weeks of differentiation, as determined by FC and immnu-
ohistochemistry. The cellular uptake and excretion of Indocyanine
Green was observed in our ESI35-Heps, indicating a functional
biotransforming system, and the cells also showed glycogen ac-
cumulation. ELISA results demonstrated that ESI35-Hep grown

on mouse feeder cells (ESI35-hep/MF) secreted 5.3 + 0.8 ug ALB
into the medium per million cells over 24h after differentiation,
ESI35-Hep grown on human feeder cells (ESI35-Hep/HF) secreted
5.0 £ 0.4 pug ALB, and ESI35-Hep grown on Matrigel (ESI35-Hep/FF)
secreted 2.7 + 0.28 ug ALB. To further assess the biotransformation
system, we employed ultraperformance liquid chromatography-
tandem mass spectrometry technology for BF metabolic profiling
and metabolism. We found the same 3 secondary metabolites of BF
from oxidation, dehydrogenation, ketone formation, or potential
methylation in phase |, and the same 2 secondary metabolites of BF
from glucuonidation and conjugation of glucose in phase I, in all of
the ESI35-Heps when compared to freshly isolated human primary
hepatocytes (hPH). Interestingly, the metabolite of di-oxidation
was only detected in ESI35-Hep/HF and hPH, and importantly,

the levels of all secondary metabolites in ESI35-Hep/HF were
significantly higher than those in ESI35-Hep/MF and ESI35-Hep/

FF, suggesting that human feeder cells may promote and enhance
the differentiation of hESC. Thus it appears that our ESI35-Heps/HF
have developed full metabolic function. In conclusion, these results
demonstrate that clinical-grade hESC can be effectively differenti-
ated to hepatocyte-like cells employing cGMP-compatible culture
conditions. This represents an important initial step in the use of
differentiated hESC for cell-based therapeutics.

Poster Board Number: T-1113

ESTABLISHMENT OF STABLE HEPATOCYTE
PROGENITOR CELL LINE FROM HUMAN
EMBRYONIC STEM CELLS

GO, Gyu yun, Jo, Eun Hee, Ha, Hye-Yeong, Yoon, Jeongsook, Koo,
Soo Kyung, Jung, Ji-Won
KNIH, Chungcheongbuk-do, Korea, Republic of

It is well known that hepatocytes are important for assessment
tools for toxicological research and pharmaceutical development,
however, acquisition of human hepatocytes is not easy. Human
embryonic stem cell (hESC)-derived hepatic progenitor offer a
potential supply for functional hepatocytes. The goal of this study
is to establish stable hESC-derived hepatic progenitor cell lines.

The first stage involves the formation of definitive endoderm by
activin A and WNT3a. The second stage we induced to proliferation
and differentiation of hepatic progenitor by KSR and DMSO. In this
stage, we introduced pEGFP-a-fetoprotein (AFP) into hepatocyte
progenitor by viral transfection. We isolated pEGFP-AFP positive
hepatocyte progenitor cells (AFP-HPCs). We characterized hepatic
lineage the marker gene expression in the isolated AFP-HPCs. In ad-
dition we terminally differentiated matured hepatocyte-like cells by
using AFP-HPCs (the third stage). The hESC-derived stable hepato-
cyte progenitor cell lines provide a valuable source for hepatocyte
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by simple manipulation, and may be useful as in vitro system for
toxicity screening in drug discovery.

Poster Board Number: T-1114

DEVELOPMENT OF EFFICIENT HEPATIC
DIFFERENTIATION METHODS FROM HUMAN
IPSCS AND ESCS BY USING LOW-MOLECULAR
WEIGHT COMPOUNDS

Maki, Kotaka', Katsutaro, Yasuda', Yuko, Kurose', Akira, Ohta’,
Motonari, Uesugi? Shinya, Yamanaka', Kenji, Osafune'

'Center for iPS Cell Research and Application, Kyoto, Japan, ?Institute for
integrated Cell-Material Science, Institute for Chemical Research, Kyoto
University, Kyoto, Japan

Hepatocytes are useful cells in a variety of fields, such as liver

cell therapy, drug screening, and toxicity testing. Primary human
hepatocytes are often used for these purposes. However, since
these primary cultured cells easily lose their metabolic functions,

a substitute for primary hepatocytes is required. Human induced
pluripotent stem cells (iPSCs) and embryonic stem cells (ESCs)

are potential sources for unlimited supply of hepatocytes. There

are several reports describing the directed induction of iPSCs and
ESCs into hepatoblasts, which are progenitors of hepatocytes, and
hepatocyte-like cells by the combinational treatment of growth fac-
tors. However, the induction efficiency is still low and the generated
cells show immature phonotypes, including lack of key detoxifica-
tion enzymes Cyp3a4 and glucose-6-phosphatase. In this study, we
examined efficient methods to induce human iPSCs into hepa-
tocytes by using low-molecular weight compounds. To identify
low-molecular weight compounds that can induce hepatoblasts
into hepatocytes, we performed high-throughput screening(HTS).
A human iPSC line, 201B6, was induced into hepatoblasts with a
previously-described differentiation protocol. Generated hepato-
blasts were then treated with chemical compounds. After 8-12 days
of culture with the tested compounds, cells were immunostained
with ALBUMIN, a representative marker for hepatocytes. We evalu-
ated the inducing ability of the compounds by analyzing the induc-
tion rate of iPSCs-derived hepatocytes. Out of 1,120 compounds
examined, we have found two candidate compounds (compounds
XandY) which induced iPSCs-derived hepatoblasts into ALBUMIN*
cells more efficiently than control stimulus (HGF and Oncostatin

M). Next, we investigated the concentration dependency of these
compounds and found that the effective concentration was 20-
20,000 nM in both compounds. In conclusion, we have identified
candidate compounds that would enable the efficient and low-cost
differentiation from human iPSCs into hepatocytes. We are now
examining the mechanisms of action of the two compounds and
physiological functions of the generated ALBUMIN* cells.

Poster Board Number: T-1115

CHARACTERIZATION OF HUMAN-
INDUCED HEPATIC STEM CELLS AND THEIR
DIFFERENTIATION BY A ONE-STEP PROTOCOL

Ishikawa, Tetsuya, Kobayashi, Momoko, Suda, Natsumi, Hagiwara,
Keitarou, Ochiya, Takahiro
Research Institute, National Cancer Center, Tokyo, Japan

Human hepatocytes are useful for in vitro testing in drug discovery,
but the lack of available donor hepatocytes is a major obstacle for
application. Some sets of genes can induce pluripotent stem (iPS)
cells from postnatal tissues of an individual patient. Hepatocyte-like
cells generated from iPS cells might also be useful in non-clinical
testing or regenerative medicine. The in vitro hepatic differentiation
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of human iPS cells required a complicated procedure, such as the
addition of several growth factors by a three-step protocol. Other-
wise, hepatocyte-like cells reprogrammed directly from other cells
did not expand further with their hepatic function. If self-renewing
hepatic stem cells could be provided, they would have an advan-
tage in practical use. Gene transfer of OCT3/4, SOX2, and KLF4
could also induce human hepatic stem (iHS) cells from the skin or
gastric tissues of an adult patient. Microarray analysis revealed that
three clones of iHS cells markedly expressed many hepatic genes
(more than 50 genes); in addition, these cells expressed embyonic
stem (ES) cell-enriched genes (more than 20 genes). Quantitative
RT-PCR analysis also confirmed that iHS cells expressed hepatic
genes (ALB, AFP, SERPINA1, and TTR); in addition, these cells ex-
pressed ES cell-specific genes (OCT3/4, SOX2, NANOG, and ZFP42)
at an equivalent level. Co-expression of hepatic and stem cell
markers was confirmed by immunocytochemistry. The resulting
iHS cells were self-renewed without chromosome abnormalities in
vitro for more than one year. They were similar to human ES cells
and iPS cells in morphology. Such expandable cells would have

an advantage in application. After 2 weeks of culture without the
addition of growth factors for differentiation, the long-term self-
renewed iHS cells could differentiate into hepatocyte-like cells that
expressed various hepatic markers 10° to10° times more than those
of iHS cells and produced hepatic proteins in a culture supernatant
at mg/dL. Altogether, these results suggested that iHS cells not
only provide new insight into stem cell research but also have an
advantage for application.

Poster Board Number: T-1116

COMPARATIVE STUDY OF TRANSPLANTATION OF
HEPATOCYTES AT VARIOUS DIFFERENTIATION
STAGES INTO

MICEWITH LETHAL LIVER DAMAGE

Kamimura, Ryo, Ishii, Takamichi

Department of Surgery, Graduate School of Medicine, Kyoto University, Kyoto
city, Japan

Hepatocyte transplantation utilizing induced pluripotent stem
cells (iPSCs) or embryonic stem cells (ESCs) has been expected to
provide an alternative to liver transplantation. However, it remains
uncertain precisely which cell type is the best suited for cell trans-
plantation. In particular, it is unclear whether mature hepatocytes,
which have sufficient liver function, or immature hepatic progeni-
tor cells, which have a higher proliferative capacity, will provide a
better outcome. The main objective of this study was to investigate
the therapeutic efficacy of the transplantation of hepatocytes at
various differentiation stages. We utilized transgenic

mice that expressed diphtheria toxin (DT) receptors under the con-
trol of an albumin enhancer/promoter. ESC-derived endodermal
cells, fetal hepatocytes and adult hepatocytes were transplanted
into these mice with experimentally-induced lethal acute liver
injury caused by DT administration. The transplanted cells were
marked by enhanced green fluorescent protein. We evaluated their
effects on survival. At 35 days after transplantation, the survival
rate of the adult hepatocyte-transplanted group (8/20; 40.0%) was
significantly improved in comparison to that of the sham-operated
group (2/25, 8%), the fetal hepatocyte-transplanted group (1/20,
5%) and the ESC-derived endodermal cell-transplanted group
(0/21, 0%). The adult hepatocytes proliferated in the recipient livers
and replaced a large part of their parenchyma. The transplantation
of adult hepatocytes for acute liver failure significantly improved
the survival rate in comparison to that of transplantation of imma-
ture cells, thus suggesting that ESCs and iPSCs should be differenti-

ated into mature hepatocytes before cell transplantation for acute
liver failure.

Poster Board Number: T-1117

INDUCTION OF FUNCTIONAL HEPATOCYTES-LIKE
CELLS FROM MOUSE MESENCHYMAL STEM CELLS
BY FOXA2 FOR LIVER DEVELOPMENT

Dhanasekaran, Sugapriya, Verma, Rama S.
Biotechnology, Indian Institute of Technology Madras, Chennai, India

Induced hepatocyte-like cells have multiple hepatocyte-specific
features and aids in reconstituting damaged hepatic tissues after
transplantation. To differentiate mouse Mesenchymal stem cells
into functional hepatic cells using FOXA2 - a master regulator of
liver-specific gene expression for liver development. FOXA2 - a
hepatocyte nuclear factor 33 (HNF3[) gene was transfected into
mMSCs followed by G418 selection. The cells were differentiated
and these cells were confirmed by immunocytochemistry, RT-

PCR, PAS and western blot. Functional hepatocyte-like cells show
typical epithelial morphology, express hepatic genes and acquire
hepatocyte functions. Notably, these cells expressed the markers
of mature hepatocytes, including albumin, tyrosine aminotransfer-
ase, al-antitrypsin, Cyp7A1, and hepatic transcription factors such
as hepatocyte nuclear factors 4a and 6. Furthermore, these cells
exhibited hepatic functions in vitro, including glycogen storage
and cytochrome activity. We have developed a robust and efficient
method to differentiate mesenchymal stem cells into hepatic like
cells, which exhibits characteristics of mouse hepatocytes. Our
approach would facilitate the development of hepatocytes for liver
engineering and regenerative medicine.

Poster Board Number: T-1118

POLYCOMB GROUP PROTEIN RING1B REGULATES
PROLIFERATION AND DIFFERENTIATION OF
MOUSE HEPATIC STEM/PROGENITOR CELL

BY REPRESSING CYCLIN-DEPENDENT KINASE
INHIBITORS

Koike, Hiroyuki', Ueno, Yasuharu', Naito, Takako', Shina, Tomoya',
Ouchi, Rie', Isono, Kyo-ichi?, Koseki, Haruhiko?, Taniguchi, Hideki'
'Department of Regenerative Medicine, Graduate School of Medicine,
Yokohama City University, Yokohama, Japan, 2RIKEN Research Center for Allergy
and Immunology, Yokohama, Japan

Self-renewal of somatic stem cells is thought to be satisfied that the
integrated control of multiple gene expression relating to cell pro-
liferation and differentiation. Recent studies have revealed that the
histone modifiers, including the Polycomb group (PcG) proteins,
play important roles in stem cell self-renewal. Here, we address

PcG regulation of mouse hepatic stem/progenitor cell self-renewal
through inactivation of Ring1B that is essential for gene silencing
by PcG proteins with monoubiquitin E3 ligase activity towards his-
tone 2A. Functional analyses of PcG protein Ring1B in hepatic stem/
progenitor cell were conducted by Ring1B conditional knock-out
(cKO) mice. In Ring1B-cKO fetal mice, we found that the liver size
was lessened significantly by Ring1B depletion on early stage of
liver development that hepatic stem/progenitor cell would expand
their population. In contrast, there was no decline in liver size in
Ring1B-cKO mice with lately depletion. Immunohistochemical
staining analysis revealed that numbers of both alpha-fetoprotein+
undifferentiated and BrdU+ cells were decreased in Ring1B-cKO
mice liver. When performed functional analysis of Ring1B in c-kit-
CD49f+ CD29+ CD45-Ter119- hepatic stem/progenitor cells from
Ring1B-cKO mouse with single cell-base colony assay in vitro, the
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significantly suppression of clonal expansion and cellular senes-
cence was found by Ring1B depletion. And decreased numbers of
albumin/cytokeratin 7 double positive cells were detected in the
colonies generated from Ring1B depleted hepatic stem/progenitor
cells. Microarray and ChiP-on-chip analysis were performed to nar-
row the Ring1B downstream candidate gene related hepatic stem/
progenitor self-renewal regulation. It showed cyclin-dependent
kinase inhibitor gene not only Cdkn2a but also Cdkn1a expression,
increased as the liver development progresses, were derepressed in
Ring1B-cKO liver cells. We performed functional analysis of Cdkn1a-
or Cdkn2a-Ring1B double KO mouse to evaluate directly involve-
ment of these genes in Ring1B cKO mice hepatic stem/progenitor
cells. Cdkn1a- or Cdkn2a-Ring1B double KO mice did not affect

the undifferentiated cell growth or rescue liver mass size, while
depression both Cdkn1a and Ckdn2a expression in hepatic stem/
progenitor cells from Ring1B KO mice rescued their colony forma-
tion capacity compared to Ring1B cKO mice These results suggest
that Ring1B thus affect regulation of proliferation in hepatic stem/
progenitor cell self-renewal by repressing cell cycle related genes
both Cdkn1a and Cdkn2a.

Poster Board Number: T-1119

DECREASED LEVELS OF HEPATOCYTE GROWTH
FACTOR IMPROVE LIVER CELL ENGRAFTMENT IN A
GENETICALLY ENGINEERED MOUSE MODEL

Hsu, Yu-Chen', Kao, Chung-Yang', Tsai, Ming-Shian’, Chen, You-
Tzung? Chen, Chun-Yu', Lin, Chien-Yu', Wu, Yao-Ming?, Lin, Shu-
Wha'

'Department of Clinical Laboratory Sciences and Medical Biotechnology,
College of Medicine, National Taiwan University, Taipei, Taiwan, *Graduate
Institute of Clinical Genomics, College of Medicine, National Taiwan University,
Taipei, Taiwan, *Department of Surgery, National Taiwan University Hospital,
Taipei, Taiwan

Background & Introduction: Developing methods to enhancing
cell engraftment is important for cell/stem cell therapy. We have
generated a mouse line with narrowed sinusoidal diameters,
which is associated with decreased levels of hepatocyte growth
factor (HGF). In the current study, we aimed at testing whether cell
engraftment can be improved in an HGF-insufficient background.
Method: Primary hepatocytes from R26R-GR mice (a double-
fluorescent-reporter knockin mouse line that could be used as a
reporter system for investigation of cell therapy conditioning) were
isolated by a two-step collagenase perfusion. Approximately 1 mil-
lion of viable hepatocytes were infused into wild-type (WT) or HGF-
insufficient mice through the splenic pulp. At different time points,
frozen liver sections were analyzed and the absolute number of
transplanted cells was scored using a fluorescence microscope.
Result: The data showed that the nuclei of tissue sections of R26R-
GR mice were fluorescently labeled as expected. Cultured primary
hepatocytes were also fluorescently labeled in nuclei, indicating
that the primary cells derived from R26R-GR mice could be a useful
tracing tool for cell/stem cell therapy. Equivalent number of the
primary hepatocytes was transplanted into WT or HGF-insufficient
mice, and then the efficiency of cell engraftment was analyzed at
3,24, and 48 hours after transplantation. The data showed that the
efficiency of cell engraftment was significantly greater in HGF-
insufficient mice than that in WT mice at all the time points (n = 3/
group; cells/30 fields; WT vs. HGF-insufficient; 3 hours: 15.00 + 4.81
vs. 28.60 + 2.26, p < 0.001; 24 hours: 22.20 + 4.24 vs. 37.60 + 9.05, p
=0.001; 48 hours: 22.17 + 4.40 vs. 40.80 + 7.23, p < 0.001). Conclu-
sion: We demonstrated that decreased levels of HGF could enhance
cell engraftment, and that the R26R-GR mouse line could be a good
donor of cell sources for the research on cell/stem cell therapy. We
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suggest that this strategy, antibody pretreatment against HGF for
instance, may be applicable to improve cell/stem cell therapy in the
near future.
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PROTECTIVE EFFECT OF ADIPOSE TISSUE-
DERIVED STEM CELLS (ADSCS) FOR ACUTE LIVER
FAILURE IN MICE
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'Department of Institute of Biotechnology, National Taiwan University, taipei,
Taiwan, ?Department of Surgery, National Taiwan University Hospital, taipei,
Taiwan

Background: Adipose tissue-derived stem cells (ADSCs) have been
shown to proliferate and differentiate into multiple cell lineages.
ADSCs is emerging as novel therapeutic option for regenerative
medicine. Recently, several publications have reported that ADSCs
have therapeutic potential in different diseases of animal models
and clinical application. Here, we found the alternative source of
ADSCs - omentum adispose tissue, which contain abundant stem
cell population. The aim of this study is to investigate the therapeu-
tic potential of omentum ADSCs on acute liver failure (ALF) induced
by acetaminophen (APAP) in mice. Methods: We demonstrated the
therapeutic efficiency of omentum-derived ADSCs transplanta-
tion for ALF mouse model induced by APAP. In this study we plan
to identify if the omentum-derived ADSCs can be a new source of
donor cells. Firstly, we will isolate and in vitro culture the ADSCs
from mouse omentum tissue. The characteristics and differentiation
ability of omentum-derived ADSCs will analyze by flow cytometry
for MSC marker (CD29, CD31, CD34, CD44, CD90, and CD105 etc),
immunostaining for multiple cell lineage (hepatocyte, osteoblast,
and adipocyte). The protection capacity of omentum-derived AD-
SCs was evaluated on primary in vitro cultured hepatocytes treated
with APAP and demonstrated by MTT assay, reactive oxygen spe-
cies (ROS) detection, glutathione content measure, and antioxidant
enzyme activity (catalase, superoxide dismutase, and glutathione
peroxidase ) expression. Secondly, we will study the in vivo thera-
peutic efficiency of these omentum-derived ADSCs in ALF mice.
We will transplant intrasplenically the omentum-derived ADSCs
(Tmillion cells/mice) into ALF mice. The serum samples will be taken
at hour 8, 12, 24, and 48 to measure the liver function (GOT, GPT,
and t-bill). We will detect the profile of antioxidant enzyme activity
on liver tissue after omentum-derived ADSCs transplantation in ALF
mice and observe the survival benefit. Moreover, we will assess the
difference of JNK pathway expression after ADSCs transplantation.
Results: Omentum-derived ADSCs showed morphological similarity
to the MSC, and expressed the MSC characteristics and proper-

ties of differentiation. Omentum-derived ADSCs could protect the
hepatocytes to against the APAP toxicity by decreasing the ROS
production, enhancing the intercellular GSH content, and increas-
ing the antioxidant enzyme activity. The omentum-derived ADSCs
could rescure the individual survival and improve the liver function
in ALF mice. The profiles of antioxidant reveal that omentum-de-
rived ADSCs could increase the activity of antioxidant enzyme. Fur-
thermore, JNK-mediate pathway can be inhibited in recipient mice
with omentum-derived ADSCs transplantation. Conclusion: These
studies demonstrated the omentum-derived ADSCs are a novel cell
source for cell-based therapy in ALF. And the omentum-derived
ADSCs could against the hepatotoxicity and protect the hepato-
cytes by reducing the ROS production, increasing the antioxidant
enzyme capacity via the inhibition of the JNK-mediated pathway.
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ADULT HEPATIC PROGENITOR CELL AND INJURED
LIVER REGENERATION IN FISH MODELS

Li, Yin-xiong', Yuen, Bonny B. H.2, Hinton, David?

'Guangzhou Institutes of Biomedicine and Health, Chinese Academy of

Sciences, Guangzhou, China, China, *Nicholas School of the Environment and
Earth Sciences, Duke University, Durham, NC, USA

Background: Chronic liver disease encompasses a large number of
conditions having different etiological factors, progressing from
fibrosis to cirrhosis and possibly liver failure or hepatocellular
cancer. Chronic liver disease is a leading cause of mortality in China
and the United States, responsible for the deaths of more than
200,000 Chinese and 25,000 Americans each year. Although there
are about 17,000 people require liver transplants in the USA, only
5,000 cadaveric liver transplants are estimated to be available per
year. Adult stem cells are an attractive alternative to meet this huge
clinical demand, but the current understanding of stem cell biology
in adult liver is limited. By using zebrafish and medaka models, this
project aims to investigate the presence of liver progenitor cell

in adult and their cellular and molecular characteristics. Materials
and Methods: A transgenic zebrafish line was used in this study.
The mature hepatocytes in this line are labeled with GFP with the
expression driven by a gene promoter from the liver fatty acid
binding protein (FABP), which is specifically expressed in mature
hepatocytes. After liver profusion, Flow Activated Cell Sorting was
conducted based on their expression of GFP and Patched (Ptc), the
Hedgehog receptor. Each isolated fraction of cells was: 1) analyzed
by Q-RT-PCR to detect expression of other stem cell markers; and
2) tested for their potential to differentiate into hepatocyte and/

or biliary epithelial cell in vitro and in vivo systems. Results: In an
adult liver from a FABP-GFP transgenic zebrafish (6 months old),
70-85% of cells were sorted as GFP positive (GFP+) and expressed
albumin, consistent with mature hepatocytes with cell size of
10-15um. However, about 10-15% of the total liver cell popula-
tions were GFP negative (GFP-, non-hepatocyte) with cell size of
5-10 um. There were 0.4 - 0.5% of the isolated liver cells with both
GFP negative and Ptc positive (GFP-/Ptc+). The cells in the GFP-/
Ptc+ fraction also has enriched expression of Ptc and Aldh2 mRNA,
30 fold and 23 fold, respectively, when compared to GFP positive
cells. The GFP negative cells can be cultured in vitro on collagen IV
and fibonectin coated plate and induced to differentiate into GFP
positive hepatocyte under HGF/FGF cocktail incubation for 5 days.
One week after transplantation of the GFP- cells into wild type
see-through Medaka fish pretreated with liver toxin, tunucamycin,
resulted in cell lineages of biliary epithelial cells and hepatocytes
both express GFP. As few as ten GFP-/Ptc+ cells can regenerate and
rescue over 90% chemical-induced injury liver within 14 days. Con-
clusion: Conditions for isolating a cell fraction which we believed
consisted of liver progenitor cells from adult zebrafish fish have
been established. Further studies will be conducted to investigate
the localization of these cell types in adult zebrafish liver and their
detailed molecular features. These studies provide a starting point
for further characterization of unique cell types in adult liver that
may be important in liver regeneration and even in hepatocarcino-
genesis.

Poster Board Number: T-1122

MEK ACTIVITY REGULATES STEM/PROGENITOR
POTENTIATL OF FETAL HEPATOBLASTS THROUGH
INDUCTION OF CELL CYCLE ARREST
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Introduction: Fetal livers contain several types of cells, such as hep-
atoblasts (stem/progenitor cells which have bi-potency to differ-
entiate into hepatocytes and cholangiocytes), hematopoietic cells,
mesenchymal cells, and endothelial cells. Knockout mouse studies
of mesenchymal-marker transcription factors (HIx and Lhx2) re-
vealed that mesenchymal cells is important for liver development.
We previously established a new culture system which mimic the
interaction between early-fetal (embryonic day 9.5-10.5 in mouse)
hepatoblasts and mesenchymal cells; expansion of hepatoblasts

is significantly induced by the co-culture with mouse embryonic
fibroblasts (MEF). However, the molecular mechanism maintaining
stemness of fetal hepatoblasts remains largely unknown. In this
study, we analyzed the signal pathway regulating long-term prolif-
eration of fetal hepatoblasts in vitro using several signal molecule
specific inhibitors. Methods: Fetal hepatoblasts were purified using
specific cell-surface antibodies (DIk and CD133). DIk+CD133+ hepa-
toblasts were sorted and cultured at a low density (200 cells per 12-
well dish) with MEF as feeder cells for 6 days. Then, these cells were
trypsinized and prepped onto new feeder cells. Colony formation
derived from sorted cells were analyzed using immunocytochem-
istry. Signal molecule-specific inhibitors (a Rock inhibitor [Y-27632],
a GSK-3 beta inhibitor [CHIR99021], a MEK inhibitor [PD325901], a
TGF beta inhibitor [A83-01]) were added into culture media for the
analyses of cell signal pathways. Expression of cell cycle associated
molecules were analyzed using real-time PCR. Results: Individual
fetal hepatoblasts could large colonies derived from single cells in
the co-culture with feeder cells for 6 days (the 1st culture). After the
passage into new feeder cells (2nd culture), these cells could barely
large colonies, suggesting that this culture system could not main-
tain long-term proliferation. In contrast, when a MEK inhibitor was
added into the culture, fetal hepatoblasts could form large colonies
which express have many Ki-67-positive cells in the 2nd culture. Ex-
pression of both p15ckdn2b and p16/19cdkn2a was induced in this
culture system, whereas a MEK inhibitor significantly suppressed
expression of these cdk inhibitors. Fetal hepatoblasts derived from
p16/19cdkn2a knockout mice proliferated for a long time without
a MEK inhibitor. These expanded cells highly expressed p15ckdn2b,
suggesting that long-term proliferation of fetal hepatoblasts in
vitro was suppressed by expression of p16/19cdkn2a, which was
induced by a MEK-ERK signal pathway. In addition, overexpression
of p16 or p19 in fetal hepatoblasts derived from p16/19cdkn2a
knockout mice decreased colony formation. Using the transplanta-
tion assay, fetal hepatoblasts expanded in the presence of a MEK
inhibitor could engraft and proliferate in the injured-recipient livers.
Conclusion: We established a new culture system which can expand
fetal hepatoblasts for a long time. The activation of MEK-ERK path-
way in vitro caused the induction of cdk inhibitor p16/19cdkn2a.

A MEK inhibitor suppressed this signal activation and maintained
the long-term proliferative potential of fetal hepatoblasts in this
culture. This culture system could be useful for cell therapies using
in vitro expansion of a few hepatic stem/progenitor cells.
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STEM CELL BASED GENE THERAPY: A NOVEL
APPROACH FORTHE TREATMENT OF ALPHA-1-
ANTITRYPSIN DEFICIENCY

Eggenschwiler, Reto’, Loya, Komal', Sharma, Amar’, Wu,
Guangming? Sgodda, Malte', Ott, Michael®, Schambach, Axel*,
Schéler, Hans?, Cantz, Tobias'

'Stem Cell Biology, MHH, Hannover, Germany, *Cell and Developmental
Biology, MPI Miinster, Miinster, Germany, *Gastroenterology, Hepatology and
Endocrinology, MHH, Hannover, Germany, *Experimental Hematology, MHH,
Hannover, Germany

The human SERPINA1 gene encodes for the secretory protein alpha
1-antitrypsin (A1AT) which inhibits a wide variety of proteases in
the serum by covalent binding. In humans a missense point muta-
tion (E342K) was described which leads to the expression of the PiZ
isoform of A1AT. Homozygosity for PiZ (PiZZ) leads to severe alpha
1-antitrypsin deficiency. In this case the serum concentration of
A1AT is reduced by 90%, as the protein is not able to fold correctly,
but polymerizes and is retained in the endoplasmic reticulum of he-
patocytes. Patients show an increased breakdown of elastin by elas-
tase in the lung and, therefore, are suffering from lung emphysema
or chronic obstructive pulmonary disease. Moreover, the accumula-
tion of misfolded protein in the liver causes liver function disorders
and liver cirrhosis. We investigate new strategies for the treatment
of the liver disease in severe A1AT deficiency using a transgenic
mouse model overexpressing the human PiZ protein. From these
mice we generated induced pluripotent stem (iPS) cells using len-
tiviral vectors encoding the three transcription factors Oct4, Sox2
and KIf4. After reprogramming the PiZ-iPS were transduced with a
second lentiviral vector encoding for a miR30-styled shRNA, which
is directed specifically against the point-mutated form of the hu-
man SERPINA1 transgene. We also cloned an eGFP reporter directly
in front of the knockdown shRNA to track its expression through

all stages of differentiation. These gene-corrected PiZ-iPS cells

were then subjected to several hepatic differentiation protocols to
evaluate the shRNA-mediated rescue of the diseased phenotype.
Moreover, gene-corrected PiZ-iPS were injected into blastocysts

for characterization of the SERPINA1 knockdown in vivo. Next, we
transduced iPS cells generated from a human PiZZ individual with
liver disease with our knockdown construct. These gene-corrected
cells were also differentiated along the hepatic lineage and showed
significantly reduced expression of SERPINA1 when compared to
scramble-shRNA transduced cells. We have successfully evaluated a
novel treatment for the liver disease in A1AT deficiency employing
stem cell based gene therapy and we show evidence for a signifi-
cant reduction in the expression of a harmful gene in a mouse
model for a human disease and in cells from a human patient.

Poster Board Number: T-1124

MMP-9 PROMOTES THE TRAFFICKING OF
TRANSPLANTED BONE MARROW CELLS THAT
ATTENUATES HEPATIC FIBROSIS IN CHRONIC CCL4
LIVER INJURY
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Background: Recent clinical trials have shown that transplanted
bone marrow (BM) cells migrate into injured liver and attenuate he-
patic fibrosis. However the mechanism by which BM cells mobilize
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into damaged liver or how the transplanted BM cells work in vivo
are still under investigation. Purpose: Using MMP-9 (-/-) (KO) BM
cells, we tried to investigate the role of MMP-9 in the trafficking of
BM cells and in the contribution to the regression of hepatic fibro-
sis. Methods: 1) In vitro, BM cells were isolated from MMP-9 KO and
MMP-9 (+/+)(WT) mice, and Matrigel invasion activity was assessed
by transwell chambers. 2). In vivo, chronic liver injury was induced
to C57BL/6 female mice by injection of CCl4 twice weekly for 8
weeks. At 4th week, mice were transplanted with BM cells (1x107/
mouse) isolated from male WT or KO mice which were geneti-

cally positive with EGFP. Non-transplanted (non-TP) control mice
were injected with normal saline alone. The liver specimens were
examined by real time gPCR, collagen content assay, and immuno-
histochemical studies. Results: 1) Matrigel invasion assay showed
WT-BM cells significantly migrated into the lower chamber (2.5
fold) compared with KO-BM cells. 2) Mice transplanted with WT-BM
cells (WT-TP group) displayed approximately 2.0 fold of EGFP (+)
cells along the fibrotic tissue and around central veins compared
to those transplanted with KO-BM cells (KO-TP group). Real-time
gPCR also showed EGFP and sex-related Y chromosome expres-
sion was significantly higher in WT-TP group than KO-TP group.

3) Liver fibrosis, assessed by Sirius red staining, was prominent in
non-TP control group, whereas KO-TP and WT-TP groups revealed
50% and 70% decrease of fibrotic area respectively, examined by
VH analyzer. Collagen content assay was coincident with Sirius red
staining. The mRNA expressions of alpha1(l) collagen in both WT-TP
and KO-TP groups were significantly lower compared with that of
non-TP group. However expressions of MMP-13 and MMP-9 in WT-
TP group were significantly higher than those in KO-TP group. 4)
Immunofluorescent microscopy showed most EGFP (+) cells were
co-stained with F4/80, a marker of macrophage, and most of them
co-expressed MMP-9 and MMP-13 in TP groups. Immunoelectron
microscopy demonstrated EGFP(+) cells showed the morphology
containing many lysosomes in the enlarged cytoplasm, suggesting
the characteristic features of macrophages. Conclusion: MMP-9 has
a crucial role in the BM cell migration into injured liver. Transplanted
BM cells, mostly differentiated into macrophages, contribute to
regression of hepatic fibrosis via down-regulation of type | collagen
and up-regulation of MMP-9 and MMP-13.
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PREDICTION OF STEM CELL ASSOCIATED
MICRORNA IN HEPATOCELLULAR CARCINOMA
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Background Cancer stem cells (CSCs) are associated with drug-
resistance and poor patient prognosis. The microRNAs (miRNA)
involved in CSC of hepatocellular carcinoma (HCC) are not well
revealed. We hypothesized that CSC shares the common miRNA
profiles of embryonic stem cells (ESCs). The aim of this study is to
find out potential significant miRNAs in CSC hepatocarcinogenesis
by comparing the miRNA profiling of HCC to that of ESCs. Method
A total of 84 patients with HCC received primary resection between
2002 and 2006 were enrolled in this study. HCC(T) and nearby
non-tumor liver (N) tissues were sampled for miRNA Illumina
BeadArray (total 1145 microRNAs) and validated by Real-Time

PCR analysis. Ten samples from living donor (D) livers were used

as control. Candidate miRNAs were selected by using paired-T or

T test with FDR correction and p-value <0.05 and TN (or TD, ND)
ratio >2 or <0.5. Selected miRNAs were further reviewed to identify
the very miRNAs significantly involved in ESC miRNA profiling
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based on current literature. Clinicopathologic characteristics and
survivals were analyzed. Result Three of 15 differently expressed
miRNAs were sieved out to be ESC-related in TN comparison (up:
miR 96; down: miR 199a-5p, miR 200a), 11 of 96 in TD comparison
(up: miR 372, miR 34a, miR 221; down: miR199a-5p, miR 200a, miR
130a, miR 154*, miR 494, miR 19b, miR 19a, miR 301a), and 7 of 57
in ND comparison (up: miR 34a, miR 221; down: miR 154*, miR 494,
miR 19b, miR 19a, miR 301a). In TN comparison stratified on the
hepatitis viral status, 5 of 27 miRNAs selected in the HBV (up: miR
130b, miR 96, miR 18a, miR 17-5p:9.1; down: miR 199a-5p), 3 of 28
in the HCV (down: miR 199a-5p, miR 214, miR 154), and 3 of 8 in the
non-HBV/HCV groups (down: miR 200b, miR 200a, miR 429). Lower
expression of miR 200b*, but not miR 200, predicted poorer patient
survival (P = 0.026, log-rank test). Selected miRNAs were associ-
ated with pluripotency (miR 372, miR 494, miR 154*, miR 199a),
lineage differentiation or development (miR 154, miR 34a), control
of epithelial-mesenchymal transition (EMT) (miR 200a, miR 200b,
miR 429), oncogenic function (self-renewal) (miR 18a, miR 19a), and
regulation of general cell physiology (miR 16, miR 19b, miR 130, miR
130b). Higher percentage (37.5%) of dysregulation of miRNAs in the
non-HBV/HCV group was associated with control of EMT than the
HBV or HCV group. MiRNAs associated with pluripotency (miR 494,
miR 154% miR 19a) were found down-regulated in non-tumor liver
tissues N compared to healthy donor liver tissues D. Conclusion Se-
lected miRNAs potentially significantly associated with CSC in HCC
were reported. Further mechanism of CSC hepatocarcinogensis is
going to be investigated.
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THE LYMPH NODE AS AN ECTOPIC
TRANSPLANTATION SITE FOR MULTIPLE
EPITHELIAL TISSUES

Komori, Junji, Boone, Lindsey, DeWard, Aaron, Lagasse, Eric
Pathology, University of Pittsburgh, Pittsburgh, PA, USA

Cell-based therapy has been viewed as a promising alternative to
organ transplantation. However, for some patients, orthotopic cell-
based therapy directed at a diseased organ may not be feasible for
many reasons, ranging from a possible lack of an appropriate envi-
ronment in cirrhotic and fibrotic liver during end-stage disease to
the lack of a thymus in complete DiGeorge Syndrome. Consequent-
ly, a critical component of cell-based therapy for these patients is to
establish an optimal in vivo site for cell and tissue transplantation
to restore organ functions. Here, we address the challenge of deter-
mining a suitable location and test the hypothesis that transplanta-
tion of three distinct normal epithelial cell types directly into the
lymph nodes (LNs) of mice would engraft and demonstrate ectopic
organ functions in vivo. Previously, our lab has shown that primary
hepatocytes injected intraperitoneally into a mouse model of ty-
rosinemia type | (Fumarylacetoacetate hydrolase knockout mouse,
Fah-/- mouse) migrate and colonize the host abdominal lymphatics
and restore hepatic function. In this report, we demonstrate that
directly injected hepatocytes can engraft in the jejunal LN and
respond to generic liver injury (hepatectomy) by proliferating. We
also show that hepatocytes injected directly into a single jejunal or
extra-abdominal (popliteal or axillary) LN will generate an ectopic
hepatic mass and rescue Fah-/- mice from lethal liver failure. The LN
was transformed into a hepatic organoid composed of characteris-
tically cuboidal hepatocytes organized in what resembled normal
liver architecture but with the absence of a biliary system. Taken to-
gether, our results demonstrate that direct injection of hepatocytes
into a single LN generates ectopic liver tissue in an animal model
of liver disease. Furthermore, this result suggests that LNs provide
a beneficial environment for ectopic transplantation of other cell

types. Using a similar approach, we asked if de novo thymus func-
tion could be generated in LNs of athymic mice. Thymuses were
harvested from newborn GFP mice, minced and injected directly
into the jejunal LN of athymic nude mice. We found that the ectopic
thymuses in the LN contained recipient double positive thymocytes
as well as single positive CD4 and CD8T cells, indicating a selective
mechanism of T-cell commitment and maturation. Moreover the de
novo T cell-mediated immune system rejected xenogeneic tumor
growth in the majority of the LN treated nude mice. Together, these
data support the concept of using the LN as a site for thymic trans-
plant to generate an ectopic thymus. Finally, pancreatic islets were
harvested from GFP mice and transplanted into the jejunal LN of
streptozotocin-induced diabetic mice. The ectopic islets transplant-
ed in a single jejunal LN of the mice engrafted and secreted insulin
to decrease glucose levels. We provide the first report describing
the use of a LN as a site for cellular transplant. By directly inject-

ing the LN with hepatocytes, thymuses, or pancreatic islets, we
demonstrate engraftment of the donor cells and subsequent organ
function. This approach will be beneficial to the field of regenera-
tive medicine and provides a new concept to use the LN as an in
vivo bioreactor in which to regenerate functional organs.

Poster Board Number: T-1127

PROPAGATION OF ADULT STEM/PROGENITOR
CELLS IN A SERUM-FREE THREE-DIMENSIONAL
CULTURE SYSTEM
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“Institute of Biotechnology, National Taiwan University, Taipei, Taiwan

Recent progress has demonstrated adult liver stem/progenitor cells
as potential sources for generating transplantable liver cells. How-
ever, the great variability in methods utilizing to isolate liver stem/
progenitor cells is a considerable challenge for clinical applications.
A serum-free three-dimensional culture system was established in
this study for selection and propagation of adult liver stem/progen-
itor cells. We demonstrated that, when adult liver cells were grown
on polyvinyl alcohol (PVA) coated glassware, adult liver stem/
progenitor cells can form spheres. These sphere cells expressed a
panel of stem-cell markers including CD133, EpCAM, CD49f, AFP,
CK19 and Oct-4 and had the potency to differentiate into hepato-
cytes and cholangiocytes when co-culturing with fetal liver cells.
Moreover, transplantation of GFP-labeled sphere cells to the liver of
mice treated with 3,5-diethoxycarbonyl-1,4-dihydrocollidine (DDC)
could replenish damaged hepatocytes. Moreover, overexpression
of HBx in isolated sphere cells resulted in the formation of tumors
with some characteristics of hepatocellular carcinoma and chol-
angiocarcinoma upon intrasplenic injection into immunodeficient
mice. These data provide evidences for the stem cell-like capacity of
these PVA-cultured sphere-forming cells. In conclusion, we develop
a simple, rapid and label-free method for prospectively isolating
hepatic stem/progenitor cells from the adult mouse liver which will
facilitate their application in repairing injured liver.
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GENOMIC DNA METHYLATION AS A POTENTIAL
MARKER OF STEM CELL DURING HEPATIC CELL
DIFFERENTIATION
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Sunouchi, Momoko', Corlu, Anne3?, Morel, Fabrice?, Ozawa, Shogo*,
Sekino, Yuko', Ishida, Seiichi’

'Division of Pharmacology, National Institute of Health Sciences, Setagaya-ku,
Tokyo, Japan, ?Division of Medical Devices, National Institute of Health Sciences,
Setagaya-ku, Tokyo, Japan, >*UMR 991, INSERM, Rennes, France, *Department
of Pharmacodynamics and Molecular Genetics, School of Pharmacy, Iwate
Medical University, Shiwa-Gun, lwate, Japan

[Purpose] Technological improvements of stem cell differentiation
into hepatocytes have increased the momentum of their applica-
tion to drug metabolism and toxicity testing. Therefore, to develop
the assessment of these cells is an important issue. Currently,
evaluation is performed in the differentiated hepatocytes by the
cell morphology, enzyme activity, and expression of differentiation
markers. However, differentiated hepatocytes lost their proliferation
ability. Thus, if one can assess the differentiation ability of the cells
prior to hepatocyte, it might help to accelerate cell production and
banking. HepaRG cells, a hepatocyte progenitor, have the ability to
differentiate towards hepatocyte-like and biliary epithelial-like cells
at confluence. We reported that genome wide DNA methylation
did not change significantly during the HepaRG cell differentiation
(62th JSSX annual meeting). This observation suggested that evalu-
ation of genomic DNA methylation in the progenitor cell might be
useful for the assessment of differentiation potential. To investigate
the validity of genomic DNA methylation assessment system, we
performed analyses of genome wide genomic DNA methylation
and gene expression. [Methods] Genomic DNA and total RNA from
human primary hepatocytes (three donors), HepaRG cells, and
HepG2 cells were used for genome wide analyses of genomic DNA
methylation and gene expression. Genomic DNA methylation and
Gene expression analyses were performed with Human Methyla-
tion 450 BeadChip Arrays (lllumina) and GeneChip Human Genome
U133Av2 Array (Affimetrix), respectively. [Results and Discussion]
Correlation between frequencies of DNA methylation in 89794 CpG
sites on CpG Island in 13029 gene regions and the gene expres-
sion levels were compared among primary human hepatocytes,
HepaRG cells, and HepG2 cells. As the result, frequencies of DNA
methylation in 1751 CpG sites in 582 gene regions showed nega-
tive correlation with their gene expression levels. The cluster analy-
sis of these genes indicated the direct suppression of gene expres-
sion by DNA methylation. Evaluation of the gene set as a marker for
the cell characterization is in progress. [Acknowledgement] Part of
this research was supported by the INSERM/Japan Society for the
Promotion of Science (JSPS) cooperation program.
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SMALL MOLECULE LIBRARY SCREENS

FOR HEPATIC MATURATION OF INDUCED
PLURIPOTENT STEM CELL DERIVED HEPATOCYTES
IN VITRO

Leonard, Brian', Kameoka, Sei', Ott, Vanessa?, Weiser, Thomas',
Singer, Thomas', Kolaja, Kyle', Chiao, Eric’

'"Hoffman LaRoche, Nutley, NJ, USA, *Cellular Dynamics International, Madison,
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Human hepatic models such as primary human hepatocytes, Hep-
aRG and HepG2 cells have been used to evaluate components of
liver function in vitro. However, none of these models maintain the
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full hepatocyte (HC) functionality found in vivo. Pluripotent stem
cells (PSCs) have the potential to provide a robust and accessible in
vitro model of human hepatic function. However, despite develop-
ment of methodologies to differentiate PSCs into HCs that exhibit
features of mature, adult HCs, PSC derived HCs retain some features
of immature, fetal HCs, in particular with respect to their drug me-
tabolizing cytochrome P450 activity. Thus, in attempts to develop
PSC derived HCs with more adult-like functionality that may be
useful as a tool during early drug discovery activities, we performed
small molecule screens to identify compounds capable of modulat-
ing the PSC HC phenotype. Compounds from three unique small
molecule libraries were screened for the ability to induce further
maturation of human induced pluripotent stem cell derived HCs
(iCell Hepatocytes) from Cellular Dynamics International. These
include a 299 compound kinase inhibitor library, a 94 compound
epigenetic modulator library, and a 296 compound library of small
molecules known to be active in one or more cell based assays
previously employed elsewhere in the drug discovery program at
Roche. iCell Hepatocytes were plated in a 96-well format. Cells were
treated with the compound libraries at a concentration of 5 uM at
24 hrs and 72 hrs after plating. In addition, in some instances differ-
ent cell culture conditions were examined such as incubating the
cells at low (6.5%) oxygen concentrations. Total RNA was harvested
24 hrs after the final compound treatment. Experimental gene
expression was evaluated in triplicate by Fluidigm microfluidic
gPCR using 32 probes chosen based on their differential expression
observed during a previously performed microarray analysis of RNA
purified from untreated iCell Hepatocytes, human fetal and human
adult HCs. Furthermore, the screening probes were picked in order
to span major HC functional activities including cytochrome P450,
transporters, bile acid synthesis, and key hepatic proteins and tran-
scription factors. The Ct values of each probe set examined were
first normalized to the expression values of housekeeping gene
controls. Next, the compound treated values were compared to the
corresponding gene expression level observed in vehicle (DMSO)
control treated samples. Top compound hits were chosen based

on a compound's ability to alter the gene expression in a manner
predicted to increase cellular maturity, for instance an increase of
adult specific markers or a decrease in fetal specific markers. The
top 30 positive compounds from the primary screen were then
tested at multiple doses during a secondary screen. In total, greater
than 300,000 individual endpoints were measured for the primary
and secondary screen analysis. Currently the top 5 compounds that
exhibited reproducible gene expression changes during the sec-
ondary screens are being further studied with the goal of identify-
ing the mechanisms of action and functional consequences.

Pancreatic Cells

Poster Board Number: T-1131

INVESTIGATION OF THE HUMAN EMBRYONIC
STEM CELL DERIVED PANCREATIC PROGENITOR
CELL ALTERATION IN /N VIVO ENVIRONMENT

Kadoya, Kuniko', Schulz, Thomas C.?, Agulnick, Alan D.!, Bhoumik,
Anindita’, Cesario, Rosemary M.!, Haakmeester, Carl’, Kelly,
Jonathan', Kelly, Olivia G.", Martinson, Laura A.", Young, Holly Y.,
Kroon, Evert J.", D’Amour, Kevin A.', Robins, Allan J.2

'Wiacyte Inc., San Diego, CA, USA, 2Viacyte Inc., Athens, GA, USA

Development of a cell therapy for diabetes would be greatly aided
by a renewable supply of human beta-cells. One approach to over-
coming the problem of insufficient supply is to generate islets from
proliferative stem cell populations such as human embryonic stem
cells. By establishing hESC expansion and banking methods and a
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suspension-based differentiation system, hES cell were aggregated
into clusters in rotational suspension culture, followed by differen-
tiation for two weeks with a 4-stage protocol to produce pancreatic
progenitors. We had previously shown these pancreatic progeni-
tors further differentiate into mature pancreatic cells, including
glucose-responsive insulin-secreting cells, when implanted into
immune compromised animals. To further assess the in vivo graft
development mice were sacrificed at various time points post-
engraftment, ranging from 1 to 22 weeks, for assessment of mRNA
gene expression and histological analysis. We observed temporal
changes in gene expression consistent with pancreatic progeni-
tor differentiation to the endocrine lineage as well as subsequent
maturation of endocrine cell phenotypes. Observation of grafts by
histological analysis confirmed these findings and suggested a con-
version of poly-hormonal endocrine cells to glucagon-expressing
phenotypes, as previously shown in other work. Investigation of
cell proliferation by Ki67 staining indicated proliferative cell number
is relatively low and does not change dramatically during this time
course of post-engraftment analysis. Interestingly, both exocrine
and duct cell protein expression was observed after the endocrine
cell maturation, and this was consistent with the gene expression
data. The majority of the dynamic changes in cell phenotypes and
gene expression were detectable before robust glucose-responsive
C-peptide secretion was observed in the serum of these animals

at 10wk post-engraftment. These data serve to further elucidate
the time course and mechanisms by which implanted pancreatic
progenitor cells differentiate and mature to become functional
glucose-responsive cells.

Poster Board Number: T-1132

MESENCHYMAL TO EPITHELIAL TRANSITION
IS REQUIRED FOR REPROGRAMMING HUMAN
EXOCRINE ENRICHED PANCREATIC CELLS
TOWARDS BETA-LIKE CELLS

Lima, Maria J., Muir, Kenneth, Docherty, Kevin
Institute of Medical Sciences, Aberdeen, United Kingdom

Due to the shortage of islets available for transplantation, the in
vitro generation of functional beta cells is currently accepted as
one of the most promising sources of tissue for transplantation

in the treatment of type 1 diabetes. The aim of this study was to
reprogramme redundant human exocrine tissue towards islet

cells, to be used as a patient specific “top-up” supply of pancreatic
islets. Human Exocrine Enriched Pancreatic Cells (EEPCs) were
obtained from the exocrine part of the pancreas which is usually
discarded during the islet isolation procedure and propagated

in vitro. These cells attach to tissue culture dishes and assume a
mesenchymal morphology in culture, with abundant expression of
vimentin and loss of exocrine markers, such as amylase and CK19.
In order to instigate the reprogramming of the cultured EEPCs,

the exogenous expression of four pancreatic transcription factors
(TFs) was induced with the addition of Ad-Ngn3, Ad-Pdx1, Ad-MafA
and Ad-Pax4 to these cultures, in combination with Betacellulin,
Nicotinamide and Exendin-4 (GFs). The effect of the TFs and GFs
was enhanced by pre-incubating the cells with 5-aza-deoxycytidine
and Sodium Butyrate, which inhibit DNA methylation and deacety-
lation, respectively. After this treatment, high levels of insulin and
glucagon were detected in the reprogrammed EEPCs by RT-qPCR,
immunocytochemistry and in the culture medium by ELISA. These
cells were cultured in Serum Free Medium, which led the cells to
undergo a Mesenchymal to Epithelial Transition (MET) and this

was crucial for the efficiency of reprogramming. Furthermore, it
was also found that the GFs were capable of enhancing MET, by
inducing the expression of the epithelial marker E-cadherin and the

down regulation of the mesenchymal marker vimentin. Therefore,
MET appears to have an important role in the reprogramming of
adult pancreatic cells towards the endocrine cell fate.

These studies were complemented with the transplantation of the
reprogrammed endocrine cells into the kidney capsule of NOD/
SCID mice. Immunohistochemical analysis of the graft revealed that
the cells maintained a cluster-like morphology under the kidney
capsule, being positive for the endocrine hormones glucagon, insu-
lin and somatostatin, with a morphology similar to the structure of
a pancreatic islet.

Poster Board Number: T-1133

COMPARATIVE EXPRESSION OF MICRORNAS
AND MRNAS DURING DIFFERENTIATION OF
PANCREATIC ISLET-LIKE CELL CLUSTERS FROM
HUMAN EMBRYONIC AND ADIPOSE-DERIVED
MESENCHYMAL STEM CELLS

Li, Steven SL, Ma, Yi-Shing, Tsai, Zong-Yun
Kaohsiung Medical Univ Inst of Medicine, Kaohsiung, Taiwan

Type 1 diabetes is an autoimmune destruction of pancreatic islet
beta cell disease, so it is important to find new sources of the islet
beta cells to replace the damaged cells. Human embryonic stem
(hES) cells have the potential to provide an unlimited supply of
differentiated islet-like cells for tissue replacement. However, this
method needs an immune-suppression to prevent islet rejection.
Autologous islet-like cells differentiated from adult adipose-derived
mesenchymal stem cells (MSC) are now considered to be a good
source for cell therapy of type 1 diabetes. The hES-T3 cells with
normal female karyotype and MSC from normal adult female were
separately induced using different protocols to generate the pan-
creatic islet-like cell clusters, which expressed pancreatic islet cell-
specific markers of insulin, glucagon and somatostatin. The expres-
sion profiles of microRNAs and mRNAs from the pancreatic islet-like
cell clusters differentiated from the two sources of hES-T3 and MSC
were analyzed and compared. The pancreatic islet-like cell clusters
differentiated from the hES-T3 cells were found to exhibit very high
expression of microRNAs miR-186, miR-199a and miR-339, which
down-regulated the expression of LIN28, PRDM1, CALB1, GCNT2,
RBM47, PLEKHH1, RBPMS2 and PAK6. The expressions of microRNAs
and mRNAs from the islet-like cell clusters differentiated from the
MSC are being determined, and will be compared with those of

the islet-like cell clusters differentiated from the hES-T3 cells. The
microRNAs and their target genes are very likely to play important
regulatory roles in the development of pancreas and/or differen-
tiation of islet cells, and they may be manipulated to increase the
proportion of beta cells and insulin synthesis in the differentiated
pancreatic islet-like cell clusters for cell-therapy of type | diabetics.
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INDUCTION OF PANCREATIC CELLS FROM
HUMAN IPS CELLS IN A SERUM-FREE MONOLAYER
CONDITION

Michiue, Tatsuo', Terada, Reiko', Ninomiya, Hiromasa', Takahashi,
Shuji', Ohnuma, Kiyoshi?, Kusuda-Furue, Miho?, Miyajima, Atsushi?,
Asashima, Makoto'
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Biomedical Innovation, Osaka, Japan, *Institute of Molecular and Cellular
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Remarkable advance in stem cell biology has made it possible to
apply for regenerative therapy. Especially, by finding of the method
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for obtaining iPS cells, we can have differentiated cells from
patients to possess pluripotency and can re-induced appropriate
tissues and organs. This strategy may have applicability to the new
therapeutic treatment for diabetes. Insulin-dependent diabetes is
occurred by loss of pancreatic beta cells, resulting in shortage of
insulin and elevation of blood glucose level. To the remedy for this
malady, transplantation of pancreatic beta cells is effective. To date,
serum-containing medium and feeder cells are ordinarily used to
maintain pluripotency and differentiate cells, but this condition is
afraid to contaminate unknown factors, resulting in both instabil-
ity of experimental condition and doubt about the safety of the
therapy. Here, we report the induction of pancreatic cells from
human iPS cells in serum and feeder cell free condition. Based on
the previous reports, we adopted modified strategy. In this method,
we sequentially added various cytokines such as Activin, Wnt, FGF,
RA, EGF, GLP and Insulin. By using this method, a group of cells with
patch-like shape could be observed. Immunohistological analysis
revealed that many of these cells were stained with anti-C-peptide
antibody, suggesting that insulin-secreted cells could be induced.
Furthermore, glucagon positive cells could be also seen. Together
with these results, we expect the functional pancreatic islet-like
structure could be differentiated from human iPS cells. However,
induction efficiency was not so high. To overcome this problem,
further improvements have to need. For example, to increase the
ratio of appropriately induced beta cell, we are now optimizing the
timing and duration of treating with cytokines. In this report, we
will also discuss this problem.

Poster Board Number: T-1135

SINGLE ADULT MURINE DUCTAL PANCREATIC
STEM CELLS SELF-RENEW AND BUILD
MULTILINEAGE CYSTIC STRUCTURES IN VITRO

Jin, Liang', Feng, Tao', Shih, Hung-Ping? Dubois, Claire?, Winkler,
Michael', Zerda, Ricardo’, Trieu, Nancy', Sander, Maike?, Ku, Hsun
Teresa'

'City of Hope, Beckman Research Institute, Duarte, CA, USA, *Pediatrics and
Cellular & Molecular Medicine, University of California - San Diego, La Jolla,
CA, USA, *Pediatrics and Cellular & Molecular Medicine, City of Hope, Beckman
Research Institute, University of California - San Diego, CA, USA

It remains unclear whether adult pancreatic ducts harbor stem
cells. Here, we tested whether purified adult murine pancreatic
ductal cells, which express CD133 and Sox9, may be induced to
differentiate and self-renew in a novel three-dimensional clono-
genic assay in the absence of a mesenchymal niche. CD133+Sox9/
EGFP+ cells from dissociated adult murine pancreata were sorted
using a fluorescent activated cell sorter and differentiated in vitro
in a semi-solid medium containing methylcellulose, Matrigel,

and growth factors (J Vis Exp, 2011, PMID: 22143165). The single
cell-derived colonies were characterized by microfluidic RT-PCR,
immunostaining and electron microscopy. We found that about
17% of sorted, single murine CD133+Sox9/EGFP+ ductal cells built
cystic structures containing cells that resemble ductal, acinar and
endocrine cells. Immunostaining and electron microscopy analyses
demonstrated that the differentiated ductal-like cells displayed the
correct polarity. Microfluidic RT-PCR analysis of individual colonies
indicated that more than 70% expressed markers for ductal, endo-
crine and acinar lineages, suggesting that the majority of the colo-
ny-initiating cells are multipotential. Furthermore, single cells from
approximately 80% of primary colonies formed secondary cystic
colonies, suggesting self-renewal activities, and R-Spondin 1, a Wnt
signaling agonist, increased the self-renewal capacity of serially
passaged clonal cells. Finally, partial duct ligation in vivo increased
the ratio of non-colony-forming to colony-forming ductal cells,
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demonstrating a dynamic response of ductal progenitors to injury.
To our knowledge this is the first report of the ability of single adult
ductal pancreatic stem cells to self-renew and differentiate into
multiple lineages in vitro. The clonogenic culture system described
will simplify the study of pancreatic stem cell biology and advance
the field of regenerative medicine in treatment of diabetes.
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DIFFERENTIATION OF MURINE EMBRYONIC
STEM CELLS AND OF MURINE SKIN-DERIVED
MESENCHYMAL STEM CELLS INTO INSULIN-
PRODUCING CELLS
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Biochemistry, Chemistry Institute - University of Sdo Paulo, Séo Paulo, Brazil

Isolated pancreatic islet transplantation is an alternative treatment
indicated for hyperlabile type 1 Diabetes mellitus (DM1), however,
a large number of good quality islets is required to achieve DM1
reversion. New cell source alternatives have been investigated,

the most promising being insulin producing cells (IPCs) differenti-
ated from stem cells. Some reports show that murine embryonic
stem cells (MESCs) are able to form islet-like structures, but insulin
production is insufficient to achieve normoglycemia in diabetic
mice, the same occuring with adult stem cells from different tissues.
Therefore, in order to revert Diabetes, there is great demand for an
adequate protocol to achieve sufficient amounts of insulin-pro-
ducing cells from differentiated stem cells . Aiming at an adequate
protocol to differentiate stem cells into insulin-producing cells,

we subjected mESCs to embryoid bodies formation, followed by
introduction of a set of endoderm differentiation inducers, and
treatment with beta-cells differentiation factors. Early on the mESCs
differentiation, we noticed some epithelial-like cells emerging from
the embryoid bodies culture. After 10 days of differentiation, we de-
tected the expression of INS2, NGN3, ISL1 and GLUT2 by qRT-PCR.
At the end of our protocol, we noticed the formation of islet-like
clusters, which were positive for the insulin-specific dithizone stain-
ing and expressed INS2, PDX1, NGN3, ISL1 and GLUT2 transcripts. In
addition, murine skin-derived mesenchymal stem cells (mS-MSCs)
were induced to differentiate with both the same factors used for
mESC differentiation and conditioned medium collected from dif-
ferentiating mESCs. Although mS-MSCs subjected to differentiation
with the factors were positively stained by dithizone, the levels of
insulin and other transcripts related to 3-cell differentiation were
undetectable. This may be explained by the low amount of differ-
entiated mS-MSC producing insulin and the inability of the factors
used in our protocol to induce mS-MSC complete differentiation
into insulin producing cells. On the other hand, conditioned me-
dium obtained from differentiating mESCs was able to induce low
levels of the insulin gene transcription. This suggests that factors
secreted by mESCs during their differentiation process contribute
to their own differentiation and may also contribute to differentia-
tion of other stem cell types. Therefore, we were able to develop a
new protocol, based on pancreatic organogenesis, which seems

to be able to induce differentiation of ESCs into insulin-producing
cells and pre-differentiation of mS-MSC. Support: FAPESP, CNPq,
FINEP, MS-DECIT, MCT, BNDES. Key words: beta-cell, Diabetes, mu-
rine embryonic stem cells, endoderm inducers, murine skin-derived
mesenchymal stem cells.
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PRODUCTION OF INSULIN-PRODUCING CELLS
DERIVED FROM MOUSE ES CELLS THROUGH
SERUM-FREE-INDUCED DEFINITIVE ENDODERM

Hanata, Nobuaki, Funabashi, Hisakage, Matsuoka, Hideaki, Saito,
Mikako

Dept Biotechnology & Life Science, Tokyo Univ of Agriculture & Technology,
Tokyo, Japan

One promising approach for the development of cell therapies for
diabetes treatment is to utilize pancreatic endocrine cells differ-
entiated from pluripotent stem cells such as embryonic stem (ES)
cells. Here, we show an original and novel method to induce the
differentiation into insulin-producing cells from mouse ES (mES)
cells. For the efficient production of mature insulin-producing cells,
we hypothesized that induction of definitive endoderm (DE) is the
firstimportant step. We have focused on serum free induction as
an effective method to direct mES cells to DE. First, a serum free
medium was utilized to induce (DE) formation. The formation of DE
was strongly supported by the quantitative RT-PCR analysis show-
ing the expression of endoderm markers Sox17 and Foxa2 and a
DE specific marker Cxcr4 increased over the course of DE induction.
The differentiated endoderm cells were then treated with KGF and
all-trans retinoic acid (RA) to induce pancreatic specialization which
was confirmed by the expression of the early pancreatic transcrip-
tion factor Pdx1. Finally, the differentiated cells were transferred
onto low-adhesion dishes for suspension culture in maturation
medium containing nicotinamide and Ex-4. The differentiated cells
in this stage were formed spherical clusters and expressed Insulin
as determined by RT-PCR. Furthermore, the result of immunostain-
ing analysis proved that the differentiated cells expressed Insulin,
C-peptide, and Pdx1.The ability of glucose-stimulated insulin secre-
tion (GSIS) of the differentiated cells at this stage was measured by
ELISA. The differentiated cells indeed secreted insulin in response to
glucose stimuli. These results suggested that our approach can be
a novel and effective method to produce mature insulin-producing
cells, paving the way for the development of cell therapies utilizing
pluripotent stem cells for diabetes treatment.

Poster Board Number: T-1138

MICRORNA SIGNATURES AND FUNCTIONS OF IN
VITRO GENERATED PANCREATIC BETA ISLET CELLS

Liao, Xiaoyan, Xue, Haipeng, Guo, Shuren, Trivedi, Neha, Liu, Ying,
Loring, Jeanne, Laurent, Louise
Univ of California, San Diego, San Diego, CA, USA

Insulin-expressing beta islet-like cells differentiated from human
embryonic stem cells (hESCs) are a model system for studying the
molecular signaling pathways underlying beta cell development.
MicroRNA repression of mMRNAs is an important mechanism that
regulates gene expression. We performed genome-wide microarray
profiling of microRNA and mRNA expression at 6 cell stages during
in vitro directed differentiation of hESCs into beta islet-like cells _
undifferentiated hESCs, definitive endoderm, primitive gut tube,
posterior foregut, pancreatic progenitor and hormone-expressing
endocrine cells, in addition to human fetal pancreatic tissue
samples. Our results showed that both microRNAs and mRNAs are
expressed in a dynamic pattern, and that distinct groups of microR-
NAs were co-expressed during differentiation. Using supervised
group-wise statistical analysis and semi-supervised hierarchical
clustering, we found that these microRNAs fell into several groups.
There was a large cluster of pluripotency-associated microRNAs
located on chromosome 19913 (mir-448, -498,-512,-518,-519,

-520), that was rapidly down-regulated upon induction of differen-
tiation. Another pluripotency-associated cluster on chromosome
4925 (the mir-302 family) displayed persistent expression until the
later stages of differentiation. Similarly, the microRNAs that showed
increased expression with differentiation also followed different
time courses of induction, with some (mir-375, -26b,-200c) induced
quickly upon differentiation and remaining high, while others (mir-
30d, -24,-27b) were induced only at later stages. To understand the
functions of microRNAs during differentiation, we performed inte-
grated analysis of the microRNA and mRNA profiling data gener-
ated from the same samples using a web-based bioinformatic tool
followed by permutation-based statistical testing for significance.
Our results showed that undifferentiated hESC-enriched microRNAs
were predominantly negatively correlated with their mRNA targets,
while differentiation-enriched miRNAs and their targets tended to
be positively correlated. These microRNA/mRNA pairs were further
investigated using luciferase reporter assays, which identified dual
roles for the miR-200a/141 family of microRNAs in regulating both
the mesenchymal-to-epithelial transition and definitive endoderm
formation during early differentiation; at later stages of differentia-
tion miR-30d and let-7e regulated the pancreatic progenitor gene
RFX6. Samples from the later stages of differentiation clustered
closely with fetal pancreas samples, but a comparison across all
samples showed differences between tissues and cells that may re-
flect a less differentiated or less mature state in hESC derived cells.
In summary, this study has used in vitro directed differentiation of
hESCs as a model system to identify specific microRNAs and mRNA
targets that are involved in regulation of beta cell differentiation.
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VISUALIZATION OF PANCREATIC CANCER STEM
CELLS TO DEVELOP NOVEL TARGETING THERAPY
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BACKGROUND Increasing evidence suggests that cancers contain

a small subpopulation of cells having the ability to self-renew and
differentiate into multiple phenotypes, also known as cancer stem
cells (CSCs). One of CSCs characters is its resistance to chemo and/
or radiation therapy. Identification and purification of cancer stem
cells (CSCs) by cancer stem cell markers should offer a clue of the
therapeutic targets, but the result is still unstatisfactory. Here in
this study, we successfully applied monitoring system based on the
CSC-spesific function, and performing drug screening to discover
compounds that selectively targeting pancreatic CSCs. METHODS
Like normal stem cells, CSCs are usually quiescent with low protein
turnover, reduced metabolism and downregulation of proteasome
activity. Based on these characteristics, we used the monitoring
system of human pancreatic cancer stem cells which express high
green fluorescent. Flow cytometry and cell sorting was useful to
isolate cells with high green expressing cells (CSChigh) from low
green expressing cells (CSClow ). To evaluate the stem cell charac-
teristics, observation by time-lapse microscopy, sphere formation
assay, drug sensitivity assay, and in vivo tumorigenicity assay were
performed. Drug screening of both cells was performed to discover
compounds that selectively targeting pancreatic CSCs. RESULTS: In
our monitoring system, the high green expressing cells (CSChigh)
population existed in approximately 0.5 % of the human pancreatic
cancer cell.. Asymmetric division of CSCigh cells into CSClow and
CSChigh cells were clearly recognized, while CSClow cells did never
divide into Gdeghigh cells. CSChigh cells could form complete
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spheres while the CSClow cells could not form such spheres. In in
vivo tumorigenicity assay, CSChigh formed tumors with only 10
cells indicating the remarkable tumorigenecity of CSChigh cells.
CSChigh cells were resistant to gemcitabine treatment, while
CSClow cells were highly sensitive to this treatment. We performed
a drug screen on both cell types and successfully identify a novel
compound targeting specifically the pancreatic CSCs. Anti-CSC
effects of the compound were confirmed by in vitro dynamic im-
ages and in vivo tumor analyses. CONCLUSION: In our system, the
high green expressing cells (CSChigh) were proved to have cancer
stem-like characteristics. The visualization system can be applicable
to direct monitoring of drug sensitivity in the specific CSCs, distinct
from non-CSCs. Our studies indicated rational application of drug
screening to discover compounds targeting selectively the pancre-
atic CSCs. Further studies using this system may improve therapeu-
tic approaches for aggressive cancer and subsequently outcomes
of the patients in the future.
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MODELING OF PERMANENT NEONATAL DIABETES
MELLITUS USING PATIENT-SPECIFIC IPS CELLS

Balboa Alonso, Diego, Toivonen, Sanna, Tamminen, Kaisa, Weltner,
Jere, Mikkola, Milla, Trokovic, Ras, Otonkoski, Timo
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Permanent neonatal diabetes mellitus (PNDM) has been associated
with monogenic defects in about half of the studied cases. Among
12 PNDM cases studied in the genetically isolated Finnish popula-
tion, mutations in the best-known genes (ABCC8, KCNJ11, Insulin)
have been found in only 3 of them, suggesting the prevalence

of other mutations not yet identified. The generation of in vitro
models using patient-derived induced pluripotent stem cells (iPSC)
constitutes a valuable tool for the study of disease mechanisms. We
aim to use this approach to establish a platform enabling studies
of pathogenetic mechanisms in PNDM. Fibroblasts derived from
PNDM patients and healthy donors were efficiently reprogrammed
into iPSCs using retroviral or Sendai virus delivery of reprogram-
ming factors Oct4, KIf4, Sox2 and c-Myc, in combination with so-
dium butyrate. Generated iPSC lines showed the characteristic mor-
phology and markers of pluripotent stem cells and they were able
to differentiate into the three embryonic germ layers in teratoma
assay. Derivation of substantial numbers of fetal stage pancreatic
islet cells from human pluripotent stem cells is possible by mimick-
ing in vitro the developmental pathways occurring in vivo. We have
optimized a feeder- and serum-free, multistage pancreas differ-
entiation protocol with the incorporation of TGFf3/BMP signaling
pathway inhibitors at different stages. Healthy control iPSCs were
successfully differentiated towards pancreatic endocrine lineage.
Quantitative PCR (qPCR) analysis revealed proper differentiation
kinetics, showing the upregulation of FoxA2, Sox17 and CXCR4 ex-
pression during the definitive endoderm induction stage, and Pdx1,
Nkx6.1 and Ngn3 in the endocrine progenitors stage. Cytometric
analysis showed efficient specification of definitive endoderm
stage cells, with 75%-90% of CXCR4+ cells. Colocalization of Pdx1
and Nkx6.1 was used to verify the islet progenitors, which were
present in the mid stages of our differentiation protocol. In the later
stages, immunocytochemistry revealed abundant clusters of cells
single or double positive for insulin/c-peptide and glucagon. These
results were confirmed by qPCR, demonstrating the generation of
fetal-stage pancreatic islet cells using this protocol. These results
demonstrate that it is feasible to establish a disease modeling
platform based on the pancreatic differentiation of iPSC derived
from PNDM patients. The generation and analysis of iPSC lines
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with mutations in well-studied genes (KCNJ11, Insulin) is currently
ongoing to validate this experimental approach. In the next stage,
the analysis will be performed in cases with unknown etiology. In
combination with next generation sequencing, this is expected to
enable the identification of new causes for human diabetes.

Poster Board Number: T-1141

CD133 IS INVOLVED IN MIGRATION AND
INVASION THROUGH REGULATION ON
N-CADHERIN IN PANCREATIC CANCER

Ding, Qiang', Yoshimitsu, Makoto?, Kuwahata, Taisaku', Maeda,
koki?, Hayashi, Tomomi?, Obara, Toru', Miyazaki, Yumi', Matsubara,
Shuichirou’, Natsugoe, Shoji3, Takao, Sonshin’

'Frontier Science Research Center, Kagoshima Univ, Kagoshima, Japan,
2Hematology and Immunology, Kagoshima Univ, Kagoshima, Japan, *Digestive
Surgery, Kagoshima Univ, Kagoshima, Japan

Pancreatic cancer is the fifth leading cause of cancer-related death
in Japan and the fourth in the United States. Over 90% of pancre-
atic cancer-associated mortality is due to metastasis, which involves
several serial steps from disseminating from primary cancer to colo-
nizing in the distant organ. CD133, a marker of cancer stem cells
(CSCs) in various solid tumors including pancreatic cancer, has been
studied for recent decade. However, the role of CD133 is still ob-
scure. Therefore, we investigated the CD133 functions using human
pancreatic cancer cell line, Capan-1. In our experiments, the tumori-
genesis of CD133-positive pancreatic cancer cells was higher than
that of CD133-negative cells using NOD/SCID mice. On the other
hand, it has been supposed that the epithelial-mesenchymal transi-
tion (EMT) is one of CSC properties in the process of metastasis. We
recently established the high migratory subclone, Capan1M9, from
Capan-1 cells. Capan1M9 cells showed a three-fold increase in mi-
gration and invasion compared to the parental cell line (Capan-1).
Furthermore, the higher expressions of Slug, N-cadherin and
fibronectin which are components of characteristic of EMT were
shown in this Capan1M9 cell line. Importantly, CD133 expression
also elevated in the Capan1M9 cells by the flow cytometric analysis
and western blot examinations. Subsequently, shRNACD133 was
transfected into Capan1M9 to knockdown CD133 expression. This
result showed the reduction of migratory and invasive abilities of
the Capan1M9 cells and the repression of Slug and N-cadherin ex-
pression. In contrast, there was no difference not only on spheroid
formation but also xenograft tumor growth between Capan1M9
and shRNACD133Capan1M9. In addition, N-cadherin was down
regulated but CD133 expression showed no influence after
shRNAslug transfection into Capan1M9. Next,ERK inhibitor, U0126,
was administrated into Capan1M9 to determine whether ERK
pathway involved in N-cadherin regulation. We found that not only
N-cadherin also Slug and CD133 were down regulated significantly
by U0126 administration. Phosphorylated ERK1/2 could be blotted
among N-cadherin immunoprecipitated elute. Taken together,

ERK, CD133 and Slug interact as a modulation loop on N-cadherin
expression. Further study should shed new light to understand the
orchestrated network associated with CD133 of pancreatic cancer
metastasis. These insights on CD133 regulation could be promising
the novel targeted therapy for pancreatic cancer.
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FIGF PLAYS AN IMPORTANT ROLE IN THE
PANCREAS REGENERATION

Heng, Fan, Zhao-Gang, Teng, Shu-Dan, Liu, Li-Bin, Wang, Jun, Wei,
Yin-Xue, Yang, Yu-Kui, Li

Ningxia Human Stem Cell Institute, the General Hospital of Ningxia Medical
University, yinchuan, China

Objective To explore the role of Figf (C-fos induced growth factor)
in pancreas regeneration. Methods Mouse model of pancreatic
regeneration was established by pancreatectomy. Pancreatic func-
tion loss and regeneration was monitored by time-coursed blood
glucose testing after pancreatectomy. Regenerating pancreas
tissues were collected 48h post pancreatectomy for RNA isolation.
Gene expression profiling was performed using mouse whole
genome gene chips. Differentially expressed genes were verified
by qPCR. The target gene, Figf, was selected and cloned in expres-
sion plasmid. MS1 cells cultured in vitro were transfected with the
Figf constructs, and insulin secretion by the transfected cells was
detected by ELISA 36h after cell transfection. The mRNA levels of
Pdx1 and Insulin1 genes in transfected cells were tested by gPCR.
Results Figf expression was significantly increased in regenerating
pancreas. Comparing with untransfected and vector-transfected
groups, insulin secretion in Figf transfected cells increased signifi-
cantly (116.89+6.09 pg/ml over untransfected group, P<0.01;and
114.24+4.60 pg/ml over vector- transfected group,P<0.01). Again,
comparing with untransfected and vector-transfected groups, Figf
over expression group expressed significantly higher mRNA levels
of Pdx1 and Insulin1 genes(P<0.01). Conclusion: Over expression
of Figf gene in MS1 cells can elevate the expression of Pdx1 and
Insulin1 in mMRNA levels, and increase insulin secretion. Figf may be
one of the key genes evolved in pancreas regeneration and play an
important role in 3-cell transition regeneration. Correspondence:
Li yukui E-mail: yukuili@hotmail.com(The research is supported by
the National Natural Science Foundation of China, NO. 81160098)

Intestinal/Gut Cells
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FUNCTIONAL ANALYSIS OF SNAI1 INTHE MOUSE
INTESTINAL STEM CELL NICHE

Abud, Helen E.', Horvay, Katja', Casagranda, Franca?, Gridley,
Thomas?, Hime, Gary R2

'Anatomy and Developmental Biology, Monash University, Clayton, Australia,
2Anatomy and Cell Biology, University of Melbourne, Parkville, Australia, *Center
for Molecular Medicine, Maine Medical Center Research Institute, Scarborough,,
ME, USA

The Snail family of transcriptional repressors have a key role in
mediating epithelial to mesenchymal transitions during both
embryonic development and cancer metastasis. Although they are
generally regarded as markers of mesenchymal cells, Snail proteins
have also recently been implicated in regulating stem cell popula-
tions in several organs. We have examined the role of Snail proteins
in the mouse intestinal epithelium that is continuously renewed
via a population of multipotent stem cells that reside in the base of
crypts. We have investigated Snai 1 function in the intestinal stem
cell niche using an inducible conditional knockout and found that
Snai 1 is required for maintenance of the crypt base columnar stem
cell population. We have also analysed the effects on the crypt base
columnar stem cell population using a combination of Fluorescent
Activated Cell Sorting (FACS) and organoid culture. Further analysis
of the tissue of Snai1l mouse models has revealed an effect on the
differentiation of mature cell lineages. In conclusion, these results

suggest that Snai1 has a key role in stem cell maintenance and
control of cellular differentiation.

Poster Board Number: T-1144

COMMITTED BUT NOT BEYOND RECALL:
CONDITIONAL CLONOGENICITY OF THE MURINE
INTESTINAL LABEL RETAINING CELL

Buczacki, Simon JA, Kemp, Richard, Winton, Douglas J.
Cancer Research UK Cambridge Research Institute, Cambridge, United Kingdom

The intestinal epithelium is maintained by rapidly cycling stem cells
located at the base of the crypts of Lieberkuhn and characterised
by the expression of Lgr5. These cells generate clones that follow
characteristic neutral drift behaviour demonstrating that dur-

ing homeostasis these cycling Lgr5 expressing cells represent an
equipotent pool of progenitors. For several decades label retaining
quiescent cells have been shown to exist in the base of crypts but
their nature and function have been difficult to elucidate. Recently,
several reports utilising reverse genetics have overlaid stem cell
marker expression with label retaining cells and in parallel shown
stem cell capacity from the same marked cells. However none of
these markers localise solely to label retaining cells. In contrast, we
decided to isolate and characterise quiescent cells based on their
inherent property of label retention. Ah H2B-eYFP mice were gen-
erated to allow ex-vivo functional and molecular characterisation
of label retaining cells via pulse chase and fluorescence activated
cell sorting. Further, using a combination of in vitro techniques and
a novel dimerisable Cre recombinase transgenic mouse we have
definitively demonstrated the nature of intestinal label retaining
cells in both normal homeostasis and times of epithelial injury. Our
results show the intestinal label retaining cell to represent a secre-
tory cell precursor committed to the Paneth and enteroendcorine
cell lineages but which is capable of recall to the stem cell compart-
ment during times of epithelial damage. Using similar techniques
we have also shown the existence of quiescent cells in mouse
intestinal tumours. These cells share many characteristics to those
of normal intestinal label retaining cells in relation to expression
profile and clonogenic potential. These data have significant impli-
cations for the modern management of colorectal cancer.

Poster Board Number: T-1145

GENERATION OF INTESTINAL TISSUE FROM
INDUCED PLURIPOTENT STEM CELLS

Barrett, Robert’, Sareen, Dhruv?, Ornelas, Loren?, Svendsen, Clive?,
Targan, Stephan’

'Inflammatory Bowel and Immunobiology Research Institute, Cedars Sinai
Medical Center, Los Angeles, CA, USA, *Regenerative Medicine Institute, Cedars
Sinai Medical Center, Los Angeles, CA, USA

Introduction: Crohn’s Disease (CD) is a chronic inflammatory dis-
order that can affect any part of the gastrointestinal tract. Despite
extensive research, the causes of CD remain elusive. One relatively
unexplored area of study is what role the intestinal epithelium may
play in this disease. The intestinal epithelium, which contains four
differentiated cell types, has been poorly studied as it had previ-
ously not been possible to study it in vitro. Recently it was found
that induced pluripotent stem cells (iPSCs) could be directed to
form intestinal tissue, which contained all the four cell types, in vitro
(Spence et al, 2011). Method: The generation of intestinal tissue
from iPSCs is a multi-step process which involves directing iPSCs
into definitive endoderm, then hindgut tissue and then subse-
quently into three dimensional intestinal “organoids."To generate
definitive endoderm, two control integration-free iPSC lines were
incubated with 100ng/ml of Activin A under low serum conditions
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for three days. To generate hindgut tissue, definitive endoderm
was incubated in Advanced DMEM/F12 media with 10% FCS with
or without 500ng/ml of Wnt3A and FGF4 for a further three to four
days. During the hindgut differentiation protocol, epithelial “tubes”
became visible after three to four days. These epithelial tubes

were harvested and then cultured in a three dimensional Matrigel
matrix containing noggin, RSpondin-1, EGF and B27. Results: The
generation of definitive endodermal tissue was confirmed by the
upregulation of Sox17, FoxA2 and Goosecoid mRNA and by im-
munocytochemistry which showed the co-expression of Sox17 and
FoxA2 in the vast majority of these cells. The generation of hindgut
tissue was demonstrated by both the presence and upregulation of
the hindgut intestinal marker CDX2. The epithelial tubes that were
cultured in a three dimensional Matrigel matrix steadily increased
in size over time to generate spherical intestinal organoids (approx.
500um). After 14 days, the organoids contained CDX2+ cells which
also expressed the early proliferating intestinal cell markers, KLF5
and Sox9. The four differentiated intestinal cell subtypes were also
found in these organoids. Goblet cells (Muc2+), Paneth cells (Lyso-
zyme+), enterocytes (FABP2+) and enteroendocrine cells (Chro-
mogranin A+) were all observed in these intestinal organoids at
various different timepoints. Conclusion: Intestinal tissue contain-
ing the four differentiated cell types can be generated from control
iPSCs. iPSCs will now be generated from CD patients with genetic
variations in intestinal cell proteins. These iPSCs will be then be
directed to form intestinal organoids. Such organoids may reveal
the consequence of these mutations in the intestinal epithelium
and may ultimately elucidate some of the mechanisms involved in
the pathogenesis of CD.

Poster Board Number: T-1146

LGRS5 INTESTINAL STEM CELLS AND THEIR
MAINTENANCE

Chia, Luis A.', Yan, Kelley S.!, Ootani, Akifumi?, Hsueh, Aaron J.3,
Kuo, Calvin J.!
'Medicine/Hematology, Stanford University, Stanford, CA, USA, %Internal

Medicine, Saga Medical School, Saga, Japan, 3Gynocology & Obstetrics,
Stanford University, Stanford, CA, USA

The leucine-rich repeat containing G protein-coupled receptor

5 (Lgr5) marks actively cycling crypt base columnar cells (CBCs)
that are multipotent, long-lived, and are largely responsible for
homeostatic regeneration in the intestinal epithelium. Recently, the
G-protein-coupled receptors Lgr4-6 have been reported to associ-
ate with Wnt receptors to mediate R-spondin signaling. Although
Paneth cells have been suggested to serve as niche cells for Lgr5+
intestinal stem cells (ISCs), perhaps through secretion of essential
paracrine factors, the precise mechanisms regulating maintenance
of Lgr5+ ISC remain poorly understood. We have used adenovirus
to overexpress the soluble ligand-binding Lgr5 ectodomain in the
circulation of adult mice. Circulating Lgr5 ectodomain induced the
migration of Paneth cells from the crypts, their eventual loss, and

a concomitant disappearance of Lgr5+ ISCs. Paneth cell migration
was associated with downregulation of Wnt signaling and its target
EphB3.The loss of Lgr5+ ISCs did not affect maintenance of the
intestinal epithelium, nor did Lgr5+ stem cells disappear from non-
intestinal organs. The use of this adenoviral system to examine the
relationship of Lgr5+ ISC to other intestinal stem cell populations
will be discussed. Together, these findings characterize an easily
tractable experimental model for the in vivo deletion of Lgr5+ ISC,
and suggest that Lgr receptors function to actively maintain Lgr5+
ISCs in vivo.
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COMPUTATIONAL ANALYSIS OF STEM AND NICHE
CELL PATTERNS INSIDE INTESTINAL CRYPTS

Chen, Kaiyuan', Bu, Pengcheng? Shen, Xiling?

'ECE, Cornell University, ITHACA, NY, USA, 2BME/ECE, Cornell University, ITHACA,
NY, USA

INTRODUCTION The intestinal epithelium is the most rapidly divid-
ing tissue in the body, turning over every 3-4 days. Each intestinal
crypt contains a few slow-cycling BMI1+ intestinal stem cells (ISCs)
at the +4 position and 12-14 faster-cycling Lgr5+ ISCs. At the base
of the crypt, the Lgr5+ I1SCs and CD24+ Paneth cells form checker-
board patterns, which provide the niche for ISC self-renewal. Sub-
version of this mechanism leads to dysplasia and cancer Because
Paneth cells express the Notch ligand DLL4 while ISCs express the
Notch1 and 2 receptors, it has been postulated that Notch-depen-
dent lateral inhibition (NDLI) - circuits in which Notch signalingin a
cell downregulates signaling in its neighbors - is responsible for the
checkerboard pattern between ISCs and Paneth cells. However, the
exact mechanism remains unclear. Here we used analytical tools
from systems biology to quantitatively investigate alternative NDLI
circuits that can impact ISC-Paneth pattern formation and main-
tenance. RESULTS We first examined a transcriptional feedback as
the potential NDLI mechanism in the crypt. In this transcriptional
feedback, Notch ligands on one cell activates Notch receptors on
an adjacent cell, which leads to downregulation of Notch ligands
DLL1 and DLL4 through the transcriptional factor MATH1. Steady
sate analysis of an ordinary differential equation (ODE) based
model showed that this feedback is sufficient to generate check-
erboard-like patterns. However, sensitivity analysis revealed that
the resulting pattern is not robust to variations and perturbations.
Ensuing dynamical analysis of the pattern further revealed that
the pattern is not sufficiently stable in terms of Maximal Lyapu-
nov Exponent (MLE) and that it is a slow process to form a steady
pattern. In contrast, the base of the crypt is a dynamic environ-
ment, wherein Lgr5+ ISCs constantly divide and leave the niche

to replace the entire crypt epithelium every 3~5 days. Therefore,
the transcriptional feedback is not likely the only NDLI mecha-
nism responsible for regulating the checkerboard pattern. We
then examined a post-translational feedback as an alternative or
secondary NDLI mechanism to the transcriptional feedback. In this
post-translational feedback, Notch receptors and ligands interact
in the same cell, and the receptor-ligand complexes are mutually
inhibited and degraded by endocytosis (cis-inhibition). Time-lapse
movies of single cells with fluorescent reporters showed that cis-
inhibition acts as an ultra-sensitive switch that amplifies the small
difference in ligand levels between adjacent cells. Same steady-
state and dynamic analyses demonstrate that the post-translational
feedback through cis-inhibition is a more robust mechanism for
generating and maintaining the checkerboard pattern between
ISC and Paneth cells. Compared to the transcriptional feedback,
cis-inhibition leads to speedier pattern formation and more stable
patterns. CONCLUSION Our computational analyses suggest that
the MATH1-mediated transcriptional feedback is insufficient to
generate robust checkerboard patterns, so the post-translational
feedback through cis-inhibition is likely an active NDLI mechanism
inside the crypt. METHOD Sensitivity analyses were performed us-
ing the Matlab SimBiology toolbox. Stability and speed of pattern
formation was analyzed using MLE and stochastic simulations. The
speed of pattern formation was analyzed using stochastic simula-
tions with different initial conditions.
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DOSE-DEPENDENT ROLES FOR CANONICAL WNT
SIGNALING IN DE NOVO CRYPT FORMATION
AND CELL CYCLE PROPERTIES OF COLONIC
EPITHELIUM

Hirata, Akihiro', Utikal, Jochen Sven?, Yamashita, Satoshi?, Aoki,
Hitomi“, Watanabe, Akira®, Okano, Hideyuki®, Bardeesy, Nabeel?,
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'Life science research center, Gifu university, Gifu, Japan, ?Massachusetts
General Hospital Cancer Center and Center for Regenerative Medicine, Harvard
Stem Cell Institute, Boston, MA, USA, *Division of Epigenomics, National Cancer
Center Research Institute, Tokyo, Japan, “Department of Tissue and Organ
Development, Gifu University Graduate School of Medicine, Gifu, Japan, *Center
for iPS Cell Research and Application (CiRA), Kyoto University, Kyoto, Japan,
®Department of Physiology, Keio University School of Medicine, Tokyo, Japan,
’Department of Tumor Pathology, Gifu university Graduate School of Medicine,
Gifu, Japan, *Whitehead Institute for Biomedical Research, Massachusetts
Institute of Technology, Cambridge, MA, USA

Canonical Wnt signaling plays a pivotal role in the physiology and
carcinogenesis of the intestinal epithelium. Notably, the strength
of Wnt signaling has been reported to affect the tumor spectrum
in mice, and it controls hematopoietic stem cell self renewal vs.
differentiation. Whether intestinal stem cells also respond to Wnt
signaling in a dose-dependent manner remains unknown. Here,
we investigated the effect of canonical Wnt activation on colonic
epithelial differentiation by controlling the expression levels of sta-
bilized 3-catenin using a doxycycline-inducible transgenic system
in mice. We show that elevated levels of Wnt signaling induce the
amplification of Lgr5+ crypt stem cells, which is accompanied by
crypt fission and a reduction in cell proliferation among progenitor
cells. In contrast, lower levels of B-catenin induction enhanced cell
proliferation rates of epithelial progenitors without affecting crypt
fission rates. Notably, slow-cycling cells produced by 3-catenin
activation exhibit activation of Notch signaling. Consistent with
the interpretation that the combination of Notch and Wnt signal-
ing maintains cells in a low proliferative state, the treatment of
[-catenin expressing mice with a Notch inhibitor turned such slow-
cycling cells into actively proliferating cells. Our results indicate that
the activation of the canonical Wnt signaling pathway is sufficient
to amplify colonic stem cells, and suggest that different levels of
canonical Wnt activations, in cooperation with Notch signaling,
establish a hierarchy of slower-cycling stem cells and faster-cycling
progenitor cells characteristic for the colonic epithelium.

Muscle Cells
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HTS ASSAY WITH MESODERMAL PROGENY CELLS
DERIVED FORM HUMAN PLURIPOTENT STEM
CELLS (HES AND IPS) FORTHE IDENTIFICATION OF
MEVALONATE PATHWAY MODULATORS

Christian, Pinset', Anne-Laure, Jaskowiak', Johana, Tournois?,
Emmanuelle, Massourides’, Yolande, Masson?, Karine, Girauld-
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"Muscle diseases, Istem/CECS, Evry, France, ?Istem/CECS, Evry, France, *Istem/
CECS Inserm/UEVE UMR861, Evry, France

The mevalonate pathway provides cells with essential products
such as cholesterol and substrates for isoprenylation and is there-
fore is critical for cell growth and differentiation. Designed HTS cell
assays for the identification of modulators mevalonate pathways

are important to identify new functional inhibitors, to increase our
knowledge on the mevalonate pathway and to predict and prevent
toxic effects. One of the key factors for success of HTS bioassays is
the source of the cells used for the screen. In this regard, human
pluripotent stem cells possess numerous advantages: a human
origin, an unlimited growth potential, a genetic stability and the
capacity to differentiate into all the cell types forming an organism.
For this study, we defined a simple and robust differentiation proto-
col to obtain large and homogeneous amounts of mesodermal pro-
genitor cells (MPCs) from human pluripotent stem cells (hES and
iPS Herein, we describe the optimisation of MPC culture conditions
in multiwell dishes for the implementation of a cell-based assay for
primary screening by HTS in presence or absence of mevalonate to
screen functional inhibitors of HMG-CoA reductase. The screening
of the Prestwick library, consisting of 1120 highly diverse FDA-
approved drugs that have established biological activities demon-
strates specificity and robustness of our HTS assay. In each screen,
we were able to select the three HMG-CoA reductase inhibitors
(lovastatin, fluvostatin, simvastatin) present in the Prestwick library.
EC 50 determination of statins confirmed the toxicity of this class
of molecules on MPCs and revealed that MPCs display a toxicity
similar to the one observed with adult muscle cells, a major target
of statins sideeffect. Furthermore, we have designed a second type
of cell bioassay to identify molecules,that protect cells from statin
induced toxicity induced . In this cell bioassay, we identified by
screening more than 10 000 molecules, two classes of molecules
that protect from simvastatin toxicity. Mechanistic explorations
indicate that one of these molecules control the level of HMG-CoA
reductase transcript. MPCs derived from hES and iPS were equally
potent as a source of cells to identify hits by HTS in both bioassays.
In conclusion, differentiated mesodermal progenies derived from
iPS and hES allow the identification by HTS of functional inhibi-
tors of HMG-CoA reductase and molecules which can rescue from
simvastatin toxicity by controlling the expression of mRNA coding
for HMG-CoA reductase.

Poster Board Number: T-1152

AGE-DEPENDENT EFFECTS OF PRO-
INFLAMMATORY CYTOKINES ON HUMAN
MYOBLAST DIFFERENTIATION

Piirsoo, Andres’, Kdiveer, Anu?, Seppet, Enn?, Paasuke, Reedik’,
Paasuke, Mati’

'Univ of Tartu, Tartu, Estonia, 2Institute of General and Molecular Pathology,
Univ of Tartu, Tartu, Estonia

Objective: Targeted enhancement of proliferation and differentia-
tion of muscle progenitor cells is a key strategy for combating
age-related muscle wasting, weakness and sarcopenia. As the
pro-inflammatory circulating cytokines are elevated in many age-
related disorders, we have investigated the action of TNF-g, IL-1B
and IL-6 on proliferation and differentiation of muscle progenitor
cells ( myoblasts) of individuals with different ages: young-less than
30 and elder -over 65 years. Methods: Primary cultured human
skeletal muscle myoblasts were purified with CD56 antibodies
microbeads on MACS (Miltenyi Biotec) and cultured in the presence
of HGF. Serum free cultures we stimulated for 6-7 days with each
cytokine ( PeproTech) alone or in different combinations with dif-
ferentiation media supplement: insulin- transferrin-sodium selenite
/ITS/(Sigma-Aldrich). Differentiation was estimated by monitoring
myotube formation, fusion index and % of myonuclei. Results: The
myoblasts cultivated from older individuals differentiated mark-
edly slower than myoblasts from young individuals in ITS medium.
Treatment of human myoblasts with TNF-a and IL-13 increased

the proliferation and block the differentiation even in the presence
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of differentiation media supplement (ITS). IL-6 alone induced the
differentiation at the same level as ITS and there was no remark-
able co-effect of IL-6 with ITS detected. The mixture of cytokines
(TNF-q, IL-18 and IL-6) with ITS induced mainly the proliferation
with remarkable decrease of differentiation as compared to effects
of ITS or IL6 alone. Conclusion: There exist age related differences
in cytokine IL-6 action on myoblasts derived from young and old
individuals. Compared to myoblasts from young individuals the
differentiation was suppressed in ITS- treated cultures as well as

in cultures with ITS+IL6 and IL6 alone in old individuals. Variation
of myoblast differentiation in elder individuals was much more
remarkable than in young individuals. IL-1 and TNF-a suppressed
the differentiation of myoblasts and the action was quite similar in
both investigated group.
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NOVEL HUMAN ARTIFICIAL CHROMOSOMES
AND TECHNOLOGIES FOR STEM CELL-BASED
THERAPIES OF DUCHENNE MUSCULAR
DYSTROPHY

Hoshiya, Hidetoshi', Benedetti, Sara? Gerli, Mattia F.M.2, Ueno,
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We recently showed that stem cell-mediated human artificial
chromosome (HAC) transfer ameliorates the pathology in a mouse
model (mdx) of Duchenne muscular dystrophy (DMD), which is
caused by mutations in the large dystrophin gene (2.4 Mb). HACs
are stably maintained in the host cell as episomal vectors, like
native chromosomes. Their capacity to carry large genomic loci
containing regulatory elements allows physiological regulation of
the introduced genes. We succeeded in developing a HAC vector
containing the entire human dystrophin gene (DYS-HAC1), which
was then successfully transferred into mesenchymal, embryonic
and induced pluripotent stem cells). Importantly, DYS-HAC1 was
also transferred into mesoangioblasts (vessel-associated stem cells)
derived from the dystrophic mdx mouse. Upon intramuscular or
intra-arterial transplantation of dystrophin-corrected mdx meso-
angioblasts into mdx mice, donor cells gave rise to large clusters of
dystrophin-positive myofibers together with donor-derived satel-
lite cells, which significantly ameliorated morphology and function
of dystrophic muscles. However, in order to translate this approach
to DMD patients, there are still many technical hurdles that need to
be overcome. Here we report novel strategies and technologies of
HAC-mediated cell therapy for DMD patients including: 1) Transfer
of novel DYS-HACs into human mesoangioblasts; 2) HAC-mediated
enhancement of skeletal muscle differentiation and 3) higher dys-
trophin expression. 1) In order to extend the proliferative capability
of DMD mesoangioblasts to survive selection after HAC transfer;
we developed a platform for their engineering by means of excis-
able lentiviral vectors expressing immortalizing genes (hTERT and
Bmi1) in a reversible fashion. Alternatively, we have also derived
mesoangioblasts from iPS cells. Both approaches generate cells
able to be genetically corrected with novel DYS-HACs with reduced
immunogeneicity (no EGFP, TK, Blasticidine and hprt at variance
with DYSHAC1). 2) For effective skeletal muscle conversion of target
cells, a DYS-HAC containing an inducible MyoD gene (MyoD-ER)
was developed (DYS-HAC3). 3) Dystrophin gene dosage of trans-
planted-cells containing single DYS-HAC is not close to wild-type
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dystrophin because of fusion with endogenous myofibers (contain-
ing hundreds of nuclei) that do not express dystrophin. To increase
dystrophin expression level, we transferred three novel DYS-HACs
into mdx mesoangioblasts, each one containing a different con-
ditional selection marker gene (DYS-HAC2: neomycin; DYS-HAC4:
blasticidin; DYS-HACE: histidinol dehydrogenase) developed using
homologous recombination. Mdx mesoangioblasts containing
multiple DYS-HACs (up to 3) were developed and their dystrophin
expression is being tested. Thus, these DMD-specific DYS-HACs and
technologies are expected to speed up future translational gene
and cell therapies for muscular dystrophy.
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ADAR1 REGULATES THE MYOGENIC PROGRAM IN
MOUSE SKELETAL MYOBLASTS
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ADART1 (adenosine deaminase acting on RNA 1) catalyzes the
deamination of adenosine to inosine on RNA molecules of double
stranded structure. Two isoforms of ADAR1 are known, both of
which possess RNA-editing activity: an interferon (IFN) inducible
150 kDa protein (p150) and a constitutively expressed amino-
terminally truncated 110 kDa protein (p110). The p150 isoform is
found in both the cytoplasm and nucleus, while the p110 protein

is localized predominantly in the nucleus. A-to-1 RNA editing not
only affects targeted transcripts by altering the sequence and/

or structure of the encoded products, but also serves to regulate
retrotransposons and gene silencing. In this study, we identified

a novel aspect of biological function of ADAR1 in the regulation

of skeletal myogenesis. We have investigated ADAR1 expression
during myoblasts-myotubes differentiation. ADAR1 p150 expres-
sion transiently increased during cell confluence and initial dif-
ferentiation process, whereas the expression of both ADAR1 forms
dropped in the differentiated myotubes. Furthermore, we discov-
ered that ADRA1 p150 transient up-regulation in early differentia-
tion is mediated by the IFN signaling pathway-associated interferon
stimulated response element (ISRE) and subsequently repressed by
the myogenic transcription factor MyoD. Intriguingly, knockdown
of ADAR1 or overexpression of a catalytic mutant reduced the
expression of myogenesis-associated markers, demonstrating the
significance of ADAR1-mediated nuclear RNA editing in the early
myogenic program. On the other hand, the function of ADAR1
p150 in early stage of differentiation possibly lies in the regulation
of PKR-mediated apoptosis. Next, we demonstrated that in the late
stage of myogenesis, miR-1/206-mediated inhibition facilitated

the down-regulation of ADAR1 proteins. However, ectopic ADAR1
over-expression at this stage caused abnormal myotube formation,
further implying stage-specific functions of ADAR1 in the myogenic
process. Taken together, our results pointed to the scenario that
ARAR1-mediated regulation, possibly through editing of as yet un-
known transcripts, is essential for scheduled progression of skeletal
myogenesis.
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THE INFLUENCE OF PEROXISOME PROLIFERATOR-
ACTIVATED RECEPTORTI'1 ON DIFFERENTIATION
OF MOUSE EMBRYONIC STEM CELLS TO CARDIAC
BEATING CELLS

Ghaedi, Kamran', Ghoochani, Ali?, Peymani, Maryam? Karamali,
Fereshteh?, Karbalaei, Khadijeh? Tanhaie, Somayeh? Salamian,
Ahmad?, Nasr-Esfahani, Mohammad Hossein?, Baharvand, Hossein?
'Department of Cell and Molecular Biology, ACECR& Department of Biology,
Royan Institute for Animal Biotechnology, Cell Science research Center &
University of Isfahan, School of Sciences, Isfahan, Iran, Islamic Republic of,
2Department of Cell and Molecular Biology, ACECR, Royan Institute for Animal
Biotechnology, Cell Science research Center, Isfahan, Iran, Islamic Republic of, *3.
Department of Stem Cells and Developmental Biology, ACECR, Royan Institute
for Stem Cell Biology and Technology, ACECR, Isfahan, Iran, Islamic Republic of

Peroxisome proliferator activated receptor y, a member of nuclear
ligand activated transcription factors PPARs, exerts various meta-
bolic functions and also affects differentiation process. To testify the
importance of PPARy in cardiac differentiation of mouse embryonic
stem cells (mESCs), in the first step, its expression level was assessed
during cardiac differentiation of mouse embryonic stem cells. Data
revealed an elevation in expression level of PPARy when beating
bodies (BBs) were formed. Subsequently, involvement of PPARy in
during and post-cardiac precursor cells (CPs) formation was exam-
ined by application of agonist (Rosiglitazone, 5uM) and antagonist
(GW9662, 10uM). Our results indicated that PPARy inactivation via
treatment with GW9662 during CPs formation, reduced expression
of cardiac beating bodies’ markers. However, PPARy inactivation

by antagonist treatment post-CPs formation stage did not affect
beating bodies’ differentiation. Here, we have demonstrated a stage
dependent role of PPARy modulation on cardiac differentiation of
mESCs for the first time.

Poster Board Number: T-1156

TRANSPLANTATION OF MESENCHYMAL STEM
CELLS DERIVED FROM ES CELLS PROMOTES
MUSCLE REGENERATION; RE-INNERVATION AND
THEREBY ACCELERATES FUNCTIONAL RECOVERY
OF INJURED SKELETAL MUSCLE

Ninagawa, Nana', Isobe, Eri?, Hirayama, Yuri?, Kobayashi, Mami',
Kawabata, Yuka', Torihashi, Shigeko'

'Nagoya Univ Graduate Sch of Medicine, Nagoya, Japan, °Nagoya Univ Sch of
Health Sciences, Nagoya, Japan

Background and Aims: It is well known that mesenchymal stem
cells (MSCs) have a high potential for differentiation into mesen-
chymal cells. Adipose tissues have been proved as a useful and rich
source of adipose tissue-derived mesenchymal stem cells (ADSCs).
Although ADSCs have shown therapeutic efficiency in repairing
damaged mesenchymal tissues, their isolation and purification
from adult adipose tissue still involves complicated and trouble-
some procedures. Furthermore, they readily differentiate into
adipocytes, osteocytes and chondrocytes but not into muscular
cells. Mouse ES cells, on the other hand, are pluripotent, and their
induction to adipogenesis has been well described. Then, we
currently established mesenchymal stem cells originating from
mouse ES cells (E-MSCs) that showed markedly higher potential for
differentiation into skeletal muscles in vitro than common MSCs
and to promote functional recovery of injured skeletal muscle,

and presented at 9th ISSCR (2011 at Toronto). Here we evaluated
the potential of E-MSCs for differentiation into skeletal muscles

in vivo, morphological regeneration, and functional recovery of

injured muscles by the transplantation of E-MSCs. Their transplan-
tation promoted the functional recovery of injured muscles by

an acceleration of muscle regeneration and a re-innervation of
peripheral nerves. Materials and Methods: ES cells (G4-2; kind gifts
from Dr. Niwa) carrying the enhanced green fluorescent protein
_EGFP_ gene under the control of cytomegalovirus/chicken 3-actin
promoter were expanded their population and embryoid bodies
(EBs) were formed in hanging drops. EBs were cultured in a retinoic
acid containing medium. After washing, they were settled on
culture dishes and maintained with adipogenesis medium (insulin
/ triiodo-thyronine). After the increase of CD105+ cells, we isolated
and sorted them by a magnetic cell sorter (MACS; Miltenyi). CD105
positive E-MSCs were transplanted into the injured tibialis anterior
muscles of SCID mice 24 h after clamping. After 1, 2, 3, and 4weeks
of transplantation, the myogenic differentiation of M-ESCs, muscle
regeneration, and re-innervation were analyzed. The myogenic
differentiation was examined by Pax7, M-cadherin and/or skeletal
muscle myosin heavy-chain (MHC) immuno-staining, and re- inner-
vation was examined by a-Bungarotoxin and SMI-31, respectively.
We, then counted EGFP expressing E-MSCs among regenerating
muscle cells and innervation of peripheral nerves. Furthermore
functional performance of transplanted animal and sham trans-
planted animals were compared using a functional analyzer Cat
Walk XT (Noldus). Results and Conclusion: When E-MSCs were trans-
planted into the injured tibialis anterior muscles of SCID mice, most
of them differentiated into skeletal muscles in vivo. The transplanta-
tion of E-MSCs promoted a functional recovery of injured muscles
by an acceleration of muscle regeneration and a re-innervation of
the peripheral nerves. Thus, cell therapy using MSCs derived from
pluripotent stem cells is one of the most effective and safe ways to
improve functional recovery of damaged skeletal muscles.

Poster Board Number: T-1157

AUTOPHAGY IS ESSENTIAL FOR MYOFIBRIL
DIFFERENTIATION.

Hiraumi, Yoshimi, Huang, Chengqun, Andres, Allen, Gottlieb,
Roberta A.
San Diego State University, SAN DIEGO, CA, USA

Introduction. Cardiovascular diseases constitute the leading cause
of mortality and morbidity worldwide, with myocardial infarction
responsible for more than 10% of deaths. Although patients af-
fected by heart failure can be treated with transplantation, the ever
increasing patient need has not been met with a corresponding in-
crease in donor organs. Over the last decade, stem/progenitor cell
therapy has emerged as an innovative approach to overcome this
limitation with the potential to provide cardiac repair and regenera-
tion. Efforts to regenerate myocardium through differentiation of
cardiac stem cells to fully differentiated cardiomyocytes have met
with limited success. Autophagy is a lysosome-mediated degrada-
tion pathway used by eukaryotes to recycle cytosolic components
in both basal and stress conditions. Recently, autophagy has been
recognized to be important for metabolic reprogramming during
cell differentiation. Tissue specific gene-targeting studies have
revealed that autophagy functions in several specific lineages, in-
cluding adipocytes, erythrocytes, T cells, and B-1a cells. Autophagy
may play an important role in partial elimination of mitochondria
during these processes to facilitate metabolic reprogramming. Here
we investigated if autophagy is needed for myocyte cell differentia-
tion, to properly coordinate mitochondria and transcription factors
regulating myocyte cell differentiation in muscle development.
Methods. C2C12 cells were cultured in DMEM with 10% FBS and
induced to differentiate by changing the medium to DMEM with
2% horse serum for 6d. Cells were transfected with Atg5 siRNA and
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infected with GFP-LC3 adenovirus. Cells were treated with 10nM
Bafilomycin A1 or DMSO (vehicle control) for a 3hr interval daily
for the first 3d. At the indicated times, cells were harvested and
processed for western blot detection of LC3, MyoD, myogenin,
alpha-actin, and Tom70. Total RNA was prepared from C2C12 cells.
Reverse transcriptions were carried out with iScript cDNA Synthe-
sis Kit (BIO-RAD) enzymes and random primers. The sequences of
forward and reverse oligonucleotide primers, specific to PGC1-a
and housekeeping genes, were designed. Real time quantitative
PCR was performed in an iCycler 5 (BIO-RAD). The activities of the
mitochondrial electron transport Complexes I-IV were measured
using a Clarke oxygen electrode with a thermojacketed chamber.
Fixed cells were immunostained with antibodies to alpha-actin.
Results. We observed that during the differentiation of C2C12 myo-
blasts into myotubes, levels of LC3-Il and abundance of GFP-LC3
puncta increased, consistent with induction of autophagy. Inhibi-
tion of autophagy with Atg5 siRNA or Bafilomycin A1 prevented
myotube formation. This was associated with failure to upregulate
the myogenic factors MyoD, myogenin and the mitochondrial
import receptor Tom70. Furthermore, inhibition of autophagy with
Atg5 siRNA attenuated expression of the mitochondrial biogenesis
factor PGC1-a and oxygen consumption. These results suggest
that inhibition of autophagy prevented mitochondrial maturation
for energy production. Conclusions. Our studies demonstrate a
role for mitochondrial biogenesis and activity during myoblast cell
differentiation to myotube and suggest that autophagy is essential
for myoblast differentiation. These findings may have relevance to
cardiac stem cell differentiation.

Poster Board Number: T-1158

MYOGENIC DIFFERENTIATION OF HUMAN IPS
CELLS USING GROWTH FACTORS AND SMALL
MOLECULES IN DEFINED SERUM-FREE MEDIUM

Nishiyama, Takashi, Segawa, Makoto, Ito, Naoki, Nakamura, Miho,
Suzuki, Yuko Miyagoe, Takeda, Shin‘ichi
Molecular Therapy, National Inst of Neuroscience, Tokyo, Japan

Reprogramming technology, iPS cells, and methods for inducing
differentiation of tissue stem cells from pluripotent stem cells have
demonstrated potential for treatment of human diseases such as
muscular dystrophy, but there is still no effective protocol to dif-
ferentiate human iPS cells into myogenic progenitor cells without
transcription factors. To establish a protocol to induce myogenic
differentiation of human iPS cells without using transcription
factors, we tested methods to induce paraxial mesoderm from
human iPS cells in a defined serum-free medium. To identify small
molecules that induce paraxial mesodermal cells (PDGFRa+, Flk-1-)
from embryoid bodies of E14 mouse ES cells in serum-free medium,
we screened a library of 500 defined small molecules and identi-
fied five candidate compounds. Of the five small molecules, three
induced paraxial mesodermal cells in mesodermal differentiated
embryoid bodies in combination with Wnt3a and BMP4 from 201B7
human iPS cells. The induced paraxial mesodermal cells were iso-
lated by FACS and underwent myogenic differentiation in cardio-
toxin-injured muscle of NOD/SCID mice. These results suggest that
growth factors and small molecules can induce myogenic progeni-
tor cells from 201B7 iPS cells in a defined serum-free medium. We
are currently testing a way to induce the myogenic differentiation
of the induced paraxial mesodermal cells.
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MUSCLE DERIVED STEM CELL THERAPY FORTHE
REGENERATION OF PELVIC MUSCLES

Ho, Matthew H., Nolazco, Gaby

College of Medlicine, Charles Drew University of Medicine and Science, Los
Angeles, CA, USA

Objectives: This study was designed to determine whether the
injection of muscle-derived stem cells into the defected or injured
female pelvic floors can regenerate their skeletal and smooth
muscles and improve their functional properties in a rat model. We
hypothesized that implantation of muscle derived stem cells into
pelvic floors may improve their function, leading to a therapeutic
approach for treatment of fecal incontinence. Methods: In this
study, rats with sphincterotomy and repair were utilized as a model
for anal sphincter dysfunction and fecal incontinence. The control
group A underwent only sham operation. The study group B had
sphincterotomy and repair of anal sphincters, followed by saline
solution injections. The study group C underwent sphincterotomy
and repair, followed by intra-sphincteric injections of muscle de-
rived stem cells (MDSC). MDSC were isolated from gastrocnemius
muscles of female rats, and then cultured and characterized. In vivo
differentiation of MDSC was evaluated using immunofluorescence
after injection of MDSC into nude rats in groups A, B, and C. The
MDSC were labeled with PKH-26 before injections. At 4, 8, and 12
weeks after injections, these animals were studied for functional
improvement by manometry and contractility testing, and for
tissue histologic and morphometric analysis. Differentiation of
implanted MDSC was assessed by immunofluorescence, using
specific antibodies as markers of smooth muscle (smooth muscle
actin, calponin, and smoothelin) and of skeletal muscle (MHC-II).
MDSC were followed using their labeling marker PKH-26. Results:
A significant decrease of muscle tissue was observed at the site of
repair after sphincterotomy in groups B as compared to group A.
However, in Groups C, histologic examination demonstrated new
muscle fibers and morphometric analysis revealed a significantly
greater muscle area fraction than in Group B. PKH-26-labeled im-
planted MDSC were detected in the anal sphincters. Differentiated
muscle tissues stained positively for alpha smooth muscle actin
and myosin heavy chain indicating the formation of smooth and
skeletal muscle, respectively, at the MDSC injection sites. The MDSC
injection sites were demonstrated by their label PKH-26. Functional
studies showed improvement of anal sphincter function. Conclu-
sions: This study demonstrates that MDSC injections improved
muscle regeneration and function of the damaged anal sphincters.
Regenerations of both skeletal muscle of the external sphincter
and smooth muscle of the internal sphincter with MDSC may have
potential application as a therapeutic approach to treating fecal
incontinence.

Poster Board Number: T-1160

EPIGENETIC MEMORY ENHANCES MYOGENIC
FATE OF INDUCED PLURIPOTENT STEM CELLS

Quattrocelli, Mattia, Perini, llaria, Palazzolo, Giacomo, Thorrez,
Lieven, Pues, Matthias, Sampaolesi, Maurilio

Department of Development and Regeneration, Translatonal Cardiomyology
Lab - Stem Cell Institute Leuven, University of Leuven, Belgium

Muscular dystrophies (MDs) constitute a heterogeneous set of ge-
netically inherited diseases, characterized by chronic degeneration
of muscle fibres and, ultimately, by motility loss and cardiorespira-
tory failure. To date no regenerating strategies are yet present in
the clinical practice. Cell replacement strategies could represent a
valuable therapeutic alternative to regenerate damaged fibres and
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counteract muscle wastage. Murine and canine models of MD have
shown improvements after systemic delivery and muscle engraft-
ment of mesoangioblasts (MABs). MABs are somatic, vessel-associ-
ated stem cells, isolatable from murine, canine and human muscle
biopsies. Notwithstanding their myogenic regenerative potential
in vivo, MABs display a limited proliferation potential and rapidly
undergo senescence in vitro. In order to expand MAB potency
and self-renewal capacity, we generated MAB-derived induced
pluripotent stem cells (MAB-iPSCs). MAB-iPSCs shared morphol-
ogy, self-renewal and pluripotency features with fibroblast-derived
iPSCs (f-iPSCs). Both MAB- and f-iPSCs could give rise to traceable
parts of chimeric embryos after morula aggregation. Surprisingly,
after subcutaneous injection in immunodeficient mice, MAB-iPSCs
produced teratomas with a prominent presence of striated muscle
tissue, unlike f-iPSCs. In addition, in vitro differentiation revealed

a higher commitment of MAB-iPSCs toward MyHC+ myotubes
and CD56+ myogenic progenitors. MAB-iPSC-derived progenitors
showed efficient in vivo engraftment and fibre regeneration po-
tential, after intramuscular injection into a murine model of severe
MD. Furthermore, comparative tiling arrays on MAB- and f-iPSCs
showed a source-biased methylation pattern on regions flanking
many genes involved in myogenic differentiation. Recently, we
generated human MAB-iPSCs and preliminary results are confirm-
ing a durable myogenic capability in vitro and in vivo.

Given their epigenetic memory and biased commitment, MAB-
iPSCs could hence bridge the gap between pluripotent cells and
MD regenerative therapies.

Endothelial Cells/Hemangioblasts

Poster Board Number: T-1161

HIGHLY EFFICIENT AND SIMULTANEOUS
GENERATION OF HEMATOPOIETIC AND
VASCULAR PROGENITORS FROM HUMAN
INDUCED PLURIPOTENT STEM CELLS

Park, Tea Soon, Zimmerlin, Ludovic, Zambidis, Elias T.
Pediatric Oncology, Johns Hopkins School of Medicine, Baltimore, MD, USA

The derivation of engraftable vascular and hematopoietic stem
cells from patient-specific human induced pluripotent stem cells
(hiPSC) may have great clinical utility for the effective, long-term
treatment of hemato-vascular disorders. However, recent studies
have suggested that hiPSC do not produce hemato-endothelial
progeny in a manner that is quantitatively and qualitatively compa-
rable to human embryonic stem cells (hESC). There may be several
etiologies for this limitation, including the quality of reprogram-
ming achieved in fibroblast-iPSC (due to retention of somatic donor
epigenetic memory), the method of hiPSC culture employed for
maintaining pluripotency (e.g. on murine embryonic mouse fibro-
blasts (MEF) vs. feeder-free monolayer), and the inherent efficiency
of the differentiation protocol (e.g., embryoid body vs. stromal
co-culture-based). In these studies, we focused on optimizing our
previously published hEB-based hemato-endothelial differentia-
tion method for efficient hiPSC differentiation. We demonstrate
that under modified feeder-free endothelial culture conditions,
multipotent CD34+CD45+ hematopoietic progenitors emerged in
mass quantities directly from adherent endothelial/stromal layers
of differentiated human induced pluripotent stem cells (hiPSC),
and in a manner similar to that which occurs in vivo from hemo-
genic endothelium. Using a modified human embryoid body (hEB)
system, we simultaneously differentiated fibroblast-derived iPSC
(fibroblast-iPSC) into both hematopoietic and vascular progenitor
cells with comparable efficiency to hESC. Two previously described
fibroblast-iPSC lines (IMR90-1 and IMR90-4) were differentiated

in parallel with a hESC line (H9; WAQ9) into hematopoietic and
vascular lineages with this method. HEBs from fibroblast-iPSC

and hESC were evaluated during differentiation by FACS for the
kinetics of hemato-entothelial marker expression (CD34, CD31,
CD143,CD146, KDR, and CD133). These markers peaked at days

8-10 of hEB differentiation, thus this stage was further cultured
onto endothelial growth medium (EGM2) and fibronectin-coated
plates. In these conditions, clumps of hEB cells not only produced
functional CD31+CD146+ vascular progenitors, but also directly
differentiated into clusters of hematopoietic “cobblestones” with
adherent RUNX1-expressing monolayers. After 3-6 days, floating
cells emerged from these adherent endothelial cells that expressed
high levels of CD34, CD45, and the hemangioblast marker CD143/
ACE (BB9), and were enriched with superior frequencies of hemato-
poietic CFU. In this culture system Fibroblast-iPSC produced mass
quantities of CD34+CD45+ cells and hematopoietic CFU with simi-
lar or higher frequencies than hESC. Further addition of hematopoi-
etic cytokines (e.g. thrombopoietin, angiopoietin-1, erythropoietin,
and IL-6) into EGM2 culture poised bulk quantities of differentiat-
ing cells into committed erythro-myeloid lineages. This novel and
highly efficient hemato-endothelial differentiation system will be
ideal for direct time course studies of hematopoietic genesis events
(e.g. in vitro models of hemogenic endothelium) using time-lapse
videography, or bulk FACS kinetic analyses of emerging hematopoi-
etic progenitors from hemangioblast progenitors.

Poster Board Number: T-1162

BD™ PURECOAT™ ECM MIMETIC SURFACES:
NOVEL SYNTHETIC, XENO-FREE, ANIMAL-FREE
SURFACES FOR HUMAN ENDOTHELIAL COLONY
FORMING CELL EXPANSION

Partridge, Jeff, Flaherty, Paula, Saxena, Deepa
BD Biosciences, Bedford, MA, USA

Endothelial colony forming cells (ECFC) have potential uses in
regenerative medicine, such as cell therapies for cardiovascular
disease. Expansion of these cells requires coating of the culture
vessel with human or animal-derived extracellular matrix (ECM)
protein which can introduce human and animal-derived pathogens
in the culture. ECMs can be poorly defined and may have batch

to batch variability. Moreover, self-coating can be time consum-

ing and coated vessels have limited shelf life. For aforementioned
reasons chemically defined extracellular matrix (ECM) systems are
required. To support such research areas, we have developed two
synthetic, animal-free (defined as free of any human or animal-
origin component) peptide surfaces: BD PureCoat collagen | ECM
mimetic and fibronectin ECM mimetic. Both of these scalable
surfaces mimic native ligands for cell adhesion as demonstrated by
attachment of specific integrin expressing cell lines. Peptide coated
surfaces can be utilized to grow and expand ECFC, and are stable at
room temperature. Human ECFC were cultured on these surfaces
in ECFC supplemented EGM-2 medium for multiple passages.

Cell attachment, morphology and growth over multiple passages
were compared to natural extracellular matrix protein Collagen | or
Fibronectin. Functionality of these cells was demonstrated in a tube
formation assay frequently cited as a method to study angiogen-
esis. Post expansion ECFC were able to form capillary-like structures
formed by endothelial progenitor cells. Our results suggest that
these breakthrough next-generation cell culture environments can
be used for the culture of endothelial colony forming cells where
defined environment is desirable as well as in basic and applied
research.
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EX VIVO DEVELOPMENT AND EXPANSION OF
FUNCTIONAL ENDOTHELIAL PROGENITOR CELLS
FROM HUMAN CORD BLOOD

Yao, Chao-Ling, Peng, Luen-Hau
Dept of Chem Eng & Materials Science, Yuan Ze Univ, Chung-Li City, Taiwan

In human, angiogenesis is not only important for physiology

and development, but also correlation with most cardiovascular
diseases such as myocardial infraction. Recently, many reports
further demonstrated that angiogenesis related closely with tumor
development. Angiogenesis and vasculogenesis are regulated by
the proliferation and differentiation of endothelial progenitor cells
(EPCs). The current therapy for patients with cardiovascular diseases
is surgical operation, which is with low successful rate and recovery
rate. Now, EPC transplantation in cell therapy is developed actively,
and has great potential for treatment of cardiovascular diseases. So,
isolation and cryopreservation of EPCs from cord blood would be
beneficial for future cell therapy. In this study, we hoped to develop
a novel culture system for the development and expansion of EPCs.
Firstly we used the systematic procedure with Factorial Design

and Steepest ascent method to optimize the cytokine-containing
medium that could facilitate EPC growth. Our results showed that
EPCs could be isolated and established from cord blood mononu-
clear cells and could expand over 2 months in our developed EPC
medium. In addition, we found that VEGF165,SCGF-a,b-FGF,SCFIGF-
1,FLT-3 ligand,HGF,EGF,IL-8, Hydrocotision, 2-phospho-L-Ascrobic
acid and Heparin are necessary for EPC growth. In addition, after
cryopreservation, thawed EPCs still maintained expansion ability.
We also found that the expanded cells can form tube formation cul-
tured in the Matrigel and had plentiful expression of CD34, CD31,
CD144, CD105, CD309 and VWF by using flow cytometry analysis. In
our laboratory, we have reported a culture system for EPC establish-
ment from cord blood and for large production of functional EPCs.
We believe that the results of this study must be beneficial to the
basic research and future trials on clinical transplantation.

Poster Board Number: T-1165

FUNCTIONAL IMPROVEMENT AND
NEUROPROTECTION PROVIDED BY HUMAN
CEREBRAL ENDOTHELIAL CELLS INTRAVENOULY-
TRANSPLANTED IN FOCAL ISCHEMIA RAT BRAIN

Kim, Hyung-Seok’, Park, Man-Seok?

'Department of Forensic Medicine, Chonnam National University Medical
School, Gwangju, Korea, Republic of, 2Department of Neurology, Chonnam
National University Medical School, Gwangju, Korea, Republic of

Stable clonal cell line of human cerebral endothelial cell, named as
HEN7, has been generated from human fetal telencephalon using
a retroviral vector encoding v-myc gene. HEN7 cells were trans-
planted intravenously via tail vein in rat brain with photochemically
induced focal cerebral ischemia, and the clinical effects for infarct
size, edema volume, and clinical outcome were evaluated. FACS
analysis showed HEN?7 cells express the characteristics of cerebral
endothelial cells. HEN7 showed positive immunoreactivity for
vascular, stem cell, and tight junction proteins. HEN7 transplanted
group showed reduced infarct lesion as identified by biolumines-
cence and X-gal staining located in the infarcted lesion border
area. HEN7 transplanted group showed markedly reduced edema
volume associated with MMP-9 expression reduction, and mark-
edly increased nestin-positive cells around infarcted area. HEN7
transplanted group showed earlier recovery from the neurological
deficit. Intravenously transplanted hCECs selectively migrated and
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integrated into cerebral ischemic lesion area and accelerate neuro-
logical functional recovery. This new hCEC-based cellular therapy is
applicable for clinical trial in ischemic stroke patients.

Poster Board Number: T-1166

ROBUST NEUROGENIC AND VASCULOGENIC
EXPRESSION ACCOMPANIES FUNCTIONAL
EFFECTS OF HUMAN CEREBRAL ENDOTHELIAL
CELL TRANSPLANTATION IN STROKE ANIMALS

Ishikawa, Hiroto', Shinozuka, Kazutaka', Tajiri, Naoki', Glover,
Loren E.', Vasconcellos, Julianne', Mayo-Perez, Amora', Metcalf,
Christopher’, Kaneko, Yuji', Lee, Hong J.2, Kim, Seung U3, Borlongan,
Cesar V!

'Neurosurgery and Brain Repair, University of South Florida, Tampa, FL, USA,
’Medical Research Institute, Chung-Ang University College of Medicine, Seoul,
Korea, Republic of, *Neurology, University of British Columbia, Vanouver, BC,
Canada

Background and aims: Stem cell therapy has emerged as an experi-
mental treatment for stroke. Despite the reported functional recov-
ery in transplanted stroke animals and limited clinical trials in stroke
patients, a major gap in our knowledge is the mechanism of action
underlying cell therapy. Here, we examine the fate differentiation

of transplanted human cerebral endothelial cells (HEN®6) in stroke
animal model, using markers of neurogenesis and vasculogenesis,
combined with stress and sensorimotor tests using the Rat Grimace
Scale (RGC) and modified Neurogical Severity Score (mNSS). Meth-
ods: Ten-week old rats underwent a one-hour middle cerebral ar-
tery occlusion. Animals were randomly assigned to receive stereo-
taxic transplantation of vehicle, 1, 2, or 4 million HEN6 three hours
after occlusion. Rats were euthanized at 7 days post-reperfusion for
immunohistochemistry using antibodies against neuronal, vascular,
and specific human transplanted cell marker. 2,3,5-triphenyltetrazo-
lium chloride staining was conducted in alternate sections to reveal
infarct volume. All animals were videotaped for 15 min at day 1,
3,and 7 for the RGS stress test. After recording, the sensorimotor
function was assessed by mNSS. Results: Increased expression of
host neuronal and vascular markers was detected in the stroke
core, and closely adjacent to the transplanted cells. Some trans-
planted cells differentiated into a microvascular phenotype and
juxtaposed to the host vasculature. Neurogenic and vasculogenic
upregulation was more pronounced in animals that received the 4
million cell dose, but the other doses also exhibited both regenera-
tive processes. Infarct volume in transplanted stroke animals was
significantly lower than vehicle-infused stroke animals. The mNSS
revealed significant improvement of sensorimotor functions in 4
million HEN6 in comparison with saline group (p<0.05). Interesting-
ly, RGS revealed higher stress score in 4 million HEN6 than the other
groups (p<0.05) Conclusions: We found a correlation between vas-
culogenesis and neurogenesis following transplantation of HEN6
suggesting a dual pronged regenerative process in stroke animals,
which accompanied the recovery of sensorimotor functions. The
increased stress behavior in transplanted stroke animals may be
related to host immune response to the human xenograft. A better
understanding of regenerative processes, as well as potential side
effects will allow a critical assessment of the risk-to-benefit ratio of
cell therapy in stroke.
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THE THERAPEUTIC POTENCY OF HUMAN
INDUCED PLURIPOTENT STEM CELLS DERIVED
ENDOTHELIAL PROGENITOR CELLS

Lai, Wing-Hon Kevin, Ho, Chung-Yee Jenny, Wong, LY Navy, Au, Ka-
Wing, Lee, Carol Yee Ki, Siu, Chung-Wah David, Tse, Hung-Fat
Medicine, The University of Hong Kong, Pokfulam, Hong Kong

Introduction: Experimental and clinical studies have shown that
endothelial progenitor cells (EPCs) can enhance angiogenesis in
ischemic hindlimb muscles and myocardium. However, autologous
EPCs transplantation is limited by the number and proliferative
potential of the EPC isolated from patients’ blood. Human induced
pluripotent stem cell (hiPS) is a potential alternative cell source for
EPC generation due to their autology, high power of proliferation
and pluripotency. Methods: Donor specific Induced pluripotent
stem cells were generated from their skin fibroblast in feeder free,
serum free culture system and subsequently differentiated into
EPCs (hiPS-EPCs) and its functions of in-vitro tube formation, migra-
tion ability and cytokine expression profiles, and in-vivo capacity
to attenuate mice model of hind-limb ischemia were compared
with the EPC differentiated from BM-MNC (BM-EPCs) and hESC
(hESC-EPCs). Results: Differentiation of BM-EC from BM-MNC was
only achieved in 1/6(17%) patients with coronary artery disease.
Nevertheless, BM-EPCs, hESC-EPCs and hiPSC-EPCs exhibited
typical cobblestone morphology, positive staining of vVWF and the
ability of Dil-Ac-LDL dye uptake, and Ulex europaeus lectin antigen
expression. In-vitro functional assay demonstrated that hiPSC-ECs
and hESC-ECs had similar capacity for tube formation and migra-
tion as BM-EPCs (all p>0.05). During hypoxia, increased expression
of major angiogenic factors including epidermal growth factor,
hepatocyte growth factor, vascular endothelial growth factor, pla-
cental growth factor and stromal derived factor-1 were observed in
all EPCs cultures as compared with normoxia(all p<0.05). Compared
with medium only, transplanting BM-ECs (n=8), hESC-ECs (n=8) or
hiPSC-EPCs (n=9) into mice significantly attenuated severe hind-
limb ischemia via enhancement of neovascularization. Conclusions:
Our results demonstrate that hiPS-derived EPCs resemble normal
human endothelial cells with similar phenotypes and angiogenic
function but unlimited proliferation capacity. These findings
suggest that hiPS-derived EPC can be used as patient specific cell
source in therapeutic angiogenesis.

Poster Board Number: T-1168

ENDOTHELIAL PROGENITOR CELLS
IN PERIPHERAL BLOOD OF CARDIAC
CATHETERIZATION PERSONNEL

Korraa, Soheir S.', Tewfik, Mohamed S.!, Zaher, Amr?, Maher,
Mohamed?

'Radiation Health Research, National Centre for Radiation Research and
Technology, Cairo, Egypt, *National Heart Institute, Cairo, Egypt, *National
Institute for Laser Enhanced Sciences - Cairo University, Cairo, Egypt

The aim of the present study was to evaluate the rejuvenation
capacity among cardiac catheterization personal occupationally ex-
posed to ionizing radiation. Venous blood samples were obtained
from 60 cardiac catheterization personals exposed to x-ray during
fluoroscopy procedure at the National Heart Center in Embaba

vs. 20 controls. Blood samples were assayed for total and differen-
tial blood count, micronucleus formation (FMN) plasma stromal
growth factor (SDF-1) and cell phenotype of circulating endothelial
progenitor cells (EPCs), whose surface markers were identified as
the CD34, CD133 and kinase domain receptor (KDR). The individual

annual collective dose ranged from 2.16 - 8.44 mSv/y as measured
by thermoluminscent personal dosimeters (TLD). Results showed
that SDF-1a and FMN were significantly higher among cardiac cath-
eterization staff compared to controls. Similarly, EPCs: CD34, CD133,
KDR were significantly increased among cardiac catheterization
staff compared to controls. Smoking seemed to have a positive
effect on the FMN and SDF-1 but a negative effect on EPCs. It is
concluded that among cardiac catheterization staff, the numbers
of circulating progenitor cells have increased and accordingly,
increased capacity for tissue repair. In conclusion, the present work
shows that working exposure to radiation, well within permissible
levels, leaves a genetic mark on somatic DNA of the interventional
cardiologist. However, exposure to ionizing radiation stimulates
regenerative processes as indicated by the increase in EPCs and
SDF-1.This regenerative process is decreased by smoking as evi-
denced by increased levels of SDF-1 and decreased levels of EPCs.
The personnel who work in cardiac catheterization laboratories
should carefully follow radiation protection procedures and should
minimize radiation exposure to avoid possible genotoxic effects.

Poster Board Number: T-1169

THE HAEMOPOIETIC SUPPORTIVE MURINE BONE
MARROW MS-5 MESENCHYMAL STROMAL CELL
LINE HAS A NOVEL ROLE IN PROMOTING HUMAN
VASCULOGENESIS AND ANGIOGENESIS

Zhou, Bob'*, Tsaknakis, Grigorios**", Coldwell, Kate E.23, Khoo,
Cheen P23, Roubelakis, Maria G.>**, Chang, Chao-Hui??, Pepperell,
Emma?3, Watt, Suzanne M.2?

'Advanced Medical Sciences, Medical School, University of Melbourne, Victoria,
Australia, Nuffield Department of Clinical Laboratory Sciences, Oxford
University, Oxford, United Kingdom, 3Stem Cell Research Laboratory, NHS
Blood and Transplant, John Radcliffe Hospital, Oxford, United Kingdom, *Cell
and Gene Therapy Laboratory, Centre of Basic Research, Biomedical Research
Foundation, Academy of Athens (BRFAA), Athens, Greece, *Laboratory of
Biology, University of Athens Medical School, Athens, Greece

*joint 1 authors

The bone marrow contains specific microenvironmental stem cell
niches which maintain haemopoiesis. CXCL12-expressing mesen-
chymal stromal cells are closely associated with the bone marrow
sinusoidal endothelia, forming key elements of the haemopoietic
stem cell niche, yet their ability to regulate endothelial function

is not clearly defined. Since the murine nestin+ cell line, MS-5,
provides a clonal surrogate bone marrow stromal niche capable of
regulating both murine and human primitive haemopoietic stem/
progenitor cell (HSC/HPC) fate in vitro, we hypothesised that MS-5
cells might also support new blood vessel formation and function.
Here, for the first time, we demonstrate that this is indeed the case.
Using proteome arrays, we identified HSC/HPC active angiogenic
factors that are preferentially secreted by haemopoietic supportive
nestin+ MS-5 cells, including CXCL12 (SDF-1), NOV(CCN3), HGF,
Ang-1 and MCP-1(CCL2). Concentrating on CXCL-12, we confirmed
its presence in MS-5 conditioned media and demonstrated that its
antagonist in receptor binding, AMD-3100, which mobilises HSC/
HPCs and endothelial progenitors from bone marrow, could signifi-
cantly reduce MS-5 mediated human vasculogenesis in vitro, prin-
cipally by regulating human endothelial cell migration. Thus, the
clonal nestin+ MS-5 murine bone marrow stromal cell line not only
promotes human haemopoiesis but also induces human vasculo-
genesis, with CXCL12 playing important roles in both processes.
Funding: This work was supported by the National Health Service
Blood and Transplant (NHSBT), EU Framework 7 Cascade project
and the National Institute of Health Research (NIHR), UK, under its
Programme Grant Scheme (RP-PG-0310-1001 and -1003). The views

57



ISSCR 10th Annual Meeting www.isscr.org/2012

Detailed Program and Abstracts — Thursday, June 14

expressed in this publication are those of the authors and not nec-
essarily those of the NHS, the NIHR or the Department of Health.
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WHISTLING IN THE DARK - UNDERSTANDING
VASCULAR ANOMALIES AND IDENTIFYING
VASCULOGENESIS AS PLAYING A MAJOR ROLEIN
TUMOR FORMATION

Harbi, Shaghayegh
NYU, New York, NY, USA

Shaghayegh Harbi - New York University Mentors: David J Kahler
(Director of NYSCF Drug Discovery Laboratory); Paolo G Mignatti
(Associate Professor New York University School of Medicine De-
partments of Cardiothoracic Surgery and Cell Biology); June KWu
(Assistant Professor Columbia University Department of Surgery)
Though the most common tumor of infancy, little is known of

the pathogenesis and etiology of infantile hemangiomas (IH).

The working hypothesis is that the hemangioma derived stem

cell (HemSC) is a vascular stem/progenitor cell whose prolifera-

tion is dysregulated but not fully transformed, that orchestrates
hemangioma pathophysiology via a sophisticated activation of
multiple signaling and regulatory networks. 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 targeting the differences between
the hemangioma-derived stem cells (HemSCs), hemangioma endo-
thelial cells (HemECs), an intermediate cell population, and the het-
erogeneous cell population. Thus the specific aim is: a) to identify
the intrinsic differences between HemSC and HemEC and compare
HemSC and HemEC genetically and epigentically; b) analyze the
“stemness” genes, paracrine/endocrine associated genes ("angio-
crine”), and genes that regulate development, vasculogenesis and
immunity; c) identify involvement of the signaling pathways at vari-
ous stages of differentiation; d) provide new perspectives on the
failure of anti-vasculogenic inhibitors currently in use. To achieve
this goal, a multifaceted, direct target approach is proposed to
study the regulation, relationship, and mechanisms that control
differentiation and interaction of hemangioma-derived stem cells
(HemSCs) and hemangioma endothelial cells (HemECs) by perform-
ing experimental studies to analyze: a) expression profiles to survey
gene expression profiles and patterns between the four cell types
by using microarray analysis followed by gRT-PCR; b) cell surface
marker screen to isolate, screen, survey and characterize the various
stages of differentiation of the four cell types by profiling human
cell surface markers using flow cytometry and bioimaging of cell
surface proteins. Specifically, to survey gene expression profiles
between the four cell types (CD133+, CD133+CD31+, CD31+, het-
erogeneous population) of IH cells to further development of gene
expression signatures, gene expression analysis was performed of
different human cell samples using Agilent whole human genome
oligo microarrays. In order to develop definitive and effective thera-
pies of IH, a critical question is to determine which cells contribute
to hemangiogenesis and disease progression. Does hemangioma-
genesis follow a model where growth and progression of the tumor
is driven by a small subpopulation of cells or does the bulk popula-
tion of cells have tumorigenic potential? What is the interaction be-
tween environmental cues (such as hypoxia, hormones, immunity,
stress, toxicity), progenitor cells, and associated signaling pathways
(TGFB, Notch, HIFs, Tyrosine kinases, MAPK/ERK, NFkf, PI3K-AKT)? A
better understanding of this interplay between clinical insight and
manifestation, genetic and epigenetic analysis, cellular signaling
and molecular markers, and hormonal and environmental regula-
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tion and alterations will help diagnose and potentially treat this
vascular anomaly.
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A NOVEL ENDOTHELIAL MICRORNA MODULATING
ANGIOGENIC RESPONSES

Doi, Kent', Matsunaga, Taichi?, Yamamizu, Kohei?, Fukushima,
Hiroyuki?, Miyamoto, Susumu’, Yamashita, Jun K.

'Department of Neurosurgery, Kyoto University Graduate school of medicine,
Kyoto, Japan, ?Laboratory of Stem Cell Differentiation, Institute for Frontier
Medical Sciences, Kyoto University, Kyoto, Japan

MicroRNAs are a class of small RNAs that regulate target gene ex-
pression at the post-transcriptional level. Several microRNAs have
been reported to control angiogenesis. We previously developed a
novel embryonic stem (ES) cell differentiation system that exhibits
vascular cell differentiation and early vascular development using
vascular endothelial growth factor (VEGF) receptor-2 (VEGFR2/
FIk1)-positive cells as common progenitors (Yamashita, Nature,
2000). With the use of this system, we have been elucidating vari-
ous cellular and molecular mechanisms of vascular cell differentia-
tion, such as enhancement of endothelial cell (EC) differentiation
from Flk1+ cells with protein kinase A activation (Yamamizu, Blood,
2009) and arterial EC specification through direct interaction of
Notch and beta-catenin signaling downstream of cAMP (Yurugi-Ko-
bayashi, Arterioscler Thromb Vasc Biol, 2006; Yamamizu, J Cell Biol,
2010). In this study, to elucidate roles of microRNAs in EC differen-
tiation and vascular formation, we screened microRNAs specifically
expressed during EC differentiation with the use of our ES cell dif-
ferentiation system. Then, we identified a specific microRNA (mir-X)
that is expressed in vascular ECs from ES cells, more predominantly
in arterial ECs than venous ECs. Mir-X is expressed also in ECs of the
dorsal aorta in the mouse embryo and in human EC lines. Over-
expression of mir-X in human EC lines showed an inhibitory effect
on angiogenic responses such as EC migration or tube formation. In
vivo functions and target molecules of mir-X are currently investi-
gated. Mir-X is, thus, supposed to be an endogenous regulator of
angiogenesis, suggesting its great possibility for clinical application
in the treatment of cancer or ischemic diseases.

Poster Board Number: T-1172

EFFECT OF MICROPATTERNED PEPTIDES ON
ENDOTHELIAL PROGENITOR CELL ADHESION AND
EXPANSION

Hoesli, Corinne A.’, Juneau, Pierre-Marc?, Boivin, Marie-Claude?,
Duchesne, Carl? Laroche, Gaétan?, Garnier, Alain?

'Department of Chemical Engineering & Laboratoire d'Ingénierie de Surface,
Université Laval & Centre de Recherche du Centre Hospitalier Universitaire

de Québec, Québec, QC, Canada, ?PROTEO, ThéCell, StemCellNet and the
Department of Chemical Engineering, Université Laval, Québec, QC, Canada,
3Laboratoire d'Ingénierie de Surface & Centre de recherche sur les matériaux
avancés, Université Laval & Centre de Recherche du Centre Hospitalier
Universitaire de Québec, Québec, QC, Canada

Half of the small-diameter vascular prostheses used in bypass and
replacement surgeries become occluded within 5 years. The intimal
hyperplasia that leads to graft failure could be prevented if the
luminal prosthetic surfaces were engineered to recruit circulating
progenitor cells capable of generating a healthy endothelial cell
lining. We have previously described a method to increase the
endothelialisation rates of prosthetic materials in vitro by micropat-
terning two peptides derived from the integrin-binding regions

of fibronectin. The objective of the current work was to examine
the mechanism by which these micropatterns affect endothelial
progenitor cell adhesion and proliferation. Glass surfaces were



www.isscr.org/2012

Thursday Poster Book

Detailed Program and Abstracts — Thursday, June 14

functionalized with 10.1 £ 0.1 um diameter CGRGDS peptide spots
covering 20% or 50% of the surface, with CWQPPRARI covering

the remaining surface. Endothelial progenitor cell-derived CD31+
cultures were expanded from adult human saphenous veins. Com-
pared to untreated surfaces, the micropatterned surfaces led to a
2-fold increase in the maximum cell surface area after cell adhesion
and spreading. Fluorophore-tagged RGD micropatterns revealed
that cells preferentially extended pseudopods on the RGD spots. In
addition, 86 + 17% of the focal adhesions were located on the RGD
spots, with a high frequency near spot edges. The concentration

of focal adhesions on the RGD spots was independent of the spot
size, but increased at higher spot densities. Conversely, cells on un-
treated or gelatin-coated surfaces remained rounded with few focal
adhesions. These results suggest that the RGD spot density impacts
focal adhesion formation and hence cell spreading kinetics. We are
now investigating the effect of peptide micropatterns on umbilical
cord blood-derived endothelial progenitor cell fate.

Poster Board Number: T-1173

FOUR-YEAR OUTCOME AFTER INTRAMUSCULAR
TRANSPLANTATION OF GCSF-MOBILIZED CD34+
CELLS IN NO-OPTION PATIENTS WITH CRITICAL
LIMB ISCHEMIA

Fujita, Yasuyuki', Kinoshita, Makoto', Kanaya, Kurando', Kanaya,
Kurando', Kondo, Hideyuki', Okada, Yukikatsu? Furukawa, Yutaka?,
Fukushima, Masanori*, Asahara, Takayuki®, Kawamoto, Atsuhiko'
'Division of Vascular Regeneration Therapy, Unit of Regenerative Medicine,
Institute of Biomedical Research and Innovation (IBRI), Kobe, Japan,
2Department of Cardiovascular Surgery, Kobe City Medical Center General
Hospital, Kobe, Japan, *Department of Cardiology, Kobe City Medical Center
General Hospital, Kobe, Japan, “Translational Research Informatics Center,
Kobe, Japan, *Vascular Regeneration Research Group, Institute of Biomedical
Research and Innovation (IBRI), Kobe, Japan

Background: Prognosis of chronic critical limb ischemia (CLI)
patients, in whom conventional revascularization is neither suc-
cessful nor indicated, is extremely poor, and the development of
novel strategy for blood flow recovery is urgently needed for such
intractable disease. Therapeutic potential of endothelial progenitor
cells (EPCs) has been established by a number of preclinical studies
for hindlimb, myocardial and cerebral ischemia. Our phase I/lla clini-
cal trial revealed that intramuscular transplantation of autologous,
granulocyte colony stimulating factor (GCSF)-mobilized CD34+
cells, an EPC-enriched fraction, was safe, feasible and effective at
week 4 and 12 post cellular therapy in 17 patients with CLI in whom
conventional revascularization was not indicated. However, long-
term outcome of the stem/progenitor cell therapy has never been
reported. Methods: No-option patients with CLI by atherosclerotic
peripheral arterial disease (PAD) (N=5) or Buerger’s disease (N=12)
underwent leukoapheresis following 5-day subcutaneous infu-
sion of GCSF (5-10 pg/kg/day). CD34+ cells were isolated from the
apheresis product by a magnetic sorting system, CliniMACS®, then
intramuscularly transplanted into 40 sites of ischemic lower limbs.
Incidence of major clinical events including death, major amputa-
tion, unplanned minor amputation and other major cardiovascular
events, and physiological parameters of limb ischemia were evalu-
ated at year 1, 2, 3 and 4 post CD34+ cell transplantation. Results:
No patients died by year 1, whereas 3 patients with PAD died by
year 3 and 1 patient with Buerger’s disease died by year 4 due to
cardiac complications. No patients underwent major amputation,
whereas 1 patient with Buerger’s disease underwent unplanned
minor amputation by year 2. Non-CLI status (Rutherford’s category
< 3) was achieved in 82% at year 1, 88% at year 2, 92% at year 3
and 85% at year 4 in all patients. Significant improvement of toe

brachial pressure index (TBPI) was sustained up to year 4 vs base-
line (0.44+0.28 vs 0.21+0.17, P=0.004) and that of transcutaneous
partial oxygen pressure (TcPO2) was kept up to year 3 (52.1£12.5
vs 23.84+21.4, P=0.02). Ulcer size (5.7+18.0 vs 38.0+21.3 mm,
P<0.0001), total walking distance (850.2+269.2 vs 436.2+356.2 m,
P<0.0001), pain-free walking distance (895.3+219.4 vs 233.0+320.2
m, P<0.0001) and Wong Baker FACES pain rating scale (0.5+0.5 vs
2.4+0.7, P<0.0001), which were examined until year 1, significantly
improved at year 1 compared with baseline. Subgroup analysis
revealed the similar outcome in patients with Buerger’s disease.
Conclusions: Favorable clinical outcomes as well as physiological
evidences strongly indicate the long-term benefit of GCSF-mobi-
lized CD34+ cell transplantation for retrieval from CLI, especially in
patients with Buerger’s disease. These promising results encourage
a phase lll, randomized clinical trial in the near future.

Lung Cells

Poster Board Number: T-1174

ALDEHYDE DEHYDROGENASE 2 IS ESSENTIAL FOR
SELF-RENEWAL OF STEM/PROGENITOR CELLS OF
THE PROXIMAL AIRWAY EPITHELIUM.

Hegab, Ahmed E., Bisht, Bharti, Ha, Vi Luan, Gilbert, Jennifer L.,
Darmawan, Daphne O., Ooi, Aik T., Attiga, Yasser S., Nickerson, Derek
W., Gomperts, Brigitte N.

Pediatrics, Mattel Children’s Hospital UCLA, Los Angeles, CA, USA

Basal cells of the airways have been found to repair the surface
epithelium. We identified a multipotent stem/progenitor epithelial
cell population in the submucosal gland duct of the human and
murine airway, which is capable of regenerating the submucosal
glands and the surface epithelium overlying the submucosal
glands. Microarray analysis showed aldehyde dehydrogenase
genes ALDH1A1, ALDH2 and ALDH3A1 are highly expressed within
both basal and submucosal gland duct cell populations. Work from
many groups has shown that cell populations sorted from several
different tissues based on their high ALDH activity are enriched for
stem/progenitor cells. However, the role of ALDH in airway progeni-
tor/stem cells has not yet been elucidated and it is not clear which
isoforms might be important for self-renewal and differentiation.
The airways are in contact with the environment and are directly
exposed to air pollution and cigarette smoke, which trigger the
formation of reactive oxygen species (ROS). ROS cause oxidative
breakdown of cell membrane lipids followed by the accumulation
of reactive aldehydes. Reactive aldehydes cause apoptotic cell
death and therefore airway cells in general, and airway progeni-
tors in particular, need a high level of aldehyde dehydrogenases in
order to protect themselves from these harmful reactive aldehydes.
We used the Aldefluor® fluorescent reagent system to isolate the
cells that express high levels of ALDH within the airway basal and
submucosal gland duct cell populations from both mouse and
human. We found that only ALDH high expressing (ALDH-hi) basal
cells and submucosal gland duct cells were able to self-renew

and form spheres in matrigel from either human or mouse airway
epithelium. We performed immunostaining of the airways for these
ALDH isoforms and found ALDH2 more highly expressed in basal
and duct cells than in differentiated cells. The reverse was true for
ALDH1A1, with expression being higher in differentiated cells. AL-
DH3AT1 staining was faintly seen in basal cells and was bright in the
myoepithelial cells of the submucosal glands. In order to function-
ally examine the role of ALDH2 in basal and duct cell self-renewal
and differentiation, we treated sorted cells in the sphere assay with
the ALDH2 inhibitor, Diadzin. Diadzin treatment resulted in forma-
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tion of smaller and fewer spheres without affecting differentiation
of the spheres, indicating the importance of ALDH2 for basal and
duct progenitor cell self-renewal. ALDH2 has been shown to inhibit
acetaldehyde-induced ROS production. We therefore hypothesized
that ALDH2 and ROS levels within airway progenitor cells would be
inversely proportional and be related to the self-renewal potential
of the cells. We therefore used DFA and MitoSOX to sort ROS-high
versus ROS-low basal cells and submucosal gland duct cells. Only
ROS-low basal or duct cells had the capacity to self-renew and
form spheres. The ALDH-hi and ROS-low populations were found
to markedly overlap and treating this sphere-forming population
with hydrogen peroxide inhibited sphere formation, indicating that
tight regulation of ROS levels is required for self-renewal of airway
stem/progenitor cells and that ALDH2 might be involved in this
regulation. ALDH2 is necessary for self-renewal of airway epithelial
progenitor/stem cells. We speculate that adult stem cells in the
airway may be afforded the ability to survive injury from environ-
mental pollutants, such as smoke, by the expression of relatively
high levels of ALDH2.

Poster Board Number: T-1175

SEQUENCE-SPECIFIC GENETIC CORRECTION
OF IPS CELLS DERIVED FROM PATIENTS WITH
INHERITED LUNG DISEASE

Davis, Brian R.’, Crane, Ana M.", Bui, Jacquelin H.", Liao, Wei', Yan,
Qing', Wang, Jianbin?, Sun, Helena C.2, Paschon, David E.2, Guschin,
Dmitry Y.3, Sorscher, Eric J.2, Holmes, Michael C2

'Brown Foundation Institute of Molecular Medicine, Center for Stem Cell and
Regenerative Medicine, Houston, TX, USA, 2Sangamo Biosciences, Richmond,
CA, USA, 3Sangamo BioSciences, Richmond, CA, USA

Cellular transplantation of lung stem/progenitor cells represents

a potential therapeutic approach for a variety of inherited mono-
genic lung diseases. Crucial to the success of such a therapeutic
strategy is that the transplanted cells and their progeny are cor-
rected for the disease-causing mutation and that the transplanted
cells do not elicit an immune response in the recipient. In order to
satisfy these criteria, we are pursuing a patient-specific approach in
which, starting with skin or blood cells from patients with inherited
lung disorders, autologous induced pluripotent stem (iPS) cells

are first derived. Utilizing site-specific homology-directed repair,
the disease-causing mutation is corrected in the endogenous,
chromosomal DNA sequence. Finally, a directed differentiation
approach is employed to obtain highly purified populations of the
relevant lung stem/progenitor cells from the corrected iPS cells

for purposes of transplantation. We have initially employed this
approach to generate corrected, autologous iPS cells for patients
with Cystic Fibrosis (CF). Starting with CF patient fibroblasts, we
have derived and extensively characterized iPS cell lines, confirm-
ing their pluripotency and normal karyotype. We then utilized Zinc
Finger Nucleases, designed to target the endogenous CFTR gene,
to mediate correction of the inherited genetic mutation in this
locus via homology directed repair. We have demonstrated that the
corrected CF iPS cells, when induced to differentiate in vitro, express
the corrected CFTR gene. Importantly, we observed an exquisitely
sensitive, homology-dependent specificity of targeting one CFTR
allele vs. the other. This allele-specific targeting offers the potential
for preferential targeting of ZFN-mediated correction to dominant
mutant alleles.
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THE WNT/B-CATENIN PATHWAY REGULATES
THE SELF-RENEWAL AND DIFFERENTIATION OF
TRACHEAL BASAL CELLS

Jeong, Youngtae

Stanford Cancer Institute, Stanford University School of Medicine, Stanford, CA,
USA

Basal cells (BCs) in the mammalian airway are thought to include
airway stem cells, which maintain and repair the pseudostratified
epithelium of the conducting airways. Previous studies have shown
that the Wnt/-catenin signaling pathway regulates the cell-fate
decision and differentiation of mouse tracheal BCs. However,

its role in the self-renewal of tracheal BCs has not been studied,
partly because previous studies employed methods which do not
facilitate the analysis of self-renewal of tracheal stem cells. Using a
tracheosphere culture system with an air-liquid-interface, we show
that the Wnt/-catenin signaling pathway regulates the self-renew-
al as well as differentiation of tracheal BCs. We find that inhibition
of Wnt/B-catenin signaling by IWP2 or DKK-1 greatly decreased
primary tracheosphere formation and the luminal cell population.
In the subsequent passage, IWP2 or DKK-1 treatment in primary
culture decreased secondary tracheosphere formation without
further treatment. On the other hand, activation of Wnt/f-catenin
signaling by GSK-3f inhibitor increased the luminal cell population
in primary culture. Taken together, these data show that Wnt/(3-
catenin signaling pathway regulates the self-renewal of tracheal
BCs.

Poster Board Number: T-1177

RESYNCHRONIZATION OF MITOSIS IN NORMAL
AIRWAY EPITHELIAL PROGENITOR POPULATIONS
IS COINCIDENT WITH FLUCTUATIONS IN TGF-B1
SECRETION

Freishtat, Robert J., Alcala, Sarah E.

Department of Integrative Systems Biology, Children’s National Medical Center,
Washington, DC, USA

The proliferative characteristics of airway epithelial progenitors are
likely to be important for restoring lung homeostasis in diseases of
ongoing epithelial injury, such as asthma. To that end, we recently
showed that normal in vitro tracheobronchial epithelial progenitor
populations are characterized by relatively synchronous progres-
sion through the cell cycle while asthmatic progenitor populations
proliferate with a more even distribution of cells in each cell cycle
phase. Further, this asthmatic “mitotic dyssynchrony” results in
sustained elevation in TGF-f31 secretion. Because TGF-31 troughs
and peaks regulate mitotic synchrony in non-airway epithelia, we
suspect that sustained asthmatic secretion of TGF-31 implies a
defect in TGF-B1 induced mitotic regulatory signaling. As a first step
toward identifying this defect, we hypothesized that resynchroniza-
tion of mitotic dyssynchrony in proliferating normal airway epithe-
lial progenitor populations is coincident with a trough and peak

in TGF-B1 secretion. Mitotic dyssynchrony was induced in parallel
cultures of normal proliferating tracheobronchial epithelial cells
via transient serum starvation (for 12 hours) in a staggered fashion.
Aliquots of each were reserved as controls prior to mixing the cul-
tures. Cultures were continuously exposed to bromodeoxyuridine
(BrdU). Cells and media were collected at 0, 12, 18, 24, 30, 42 and
48 hours. Mitotic phase was analyzed by flow cytometry for 7-AAD
DNA staining in BrdU+ cells. Supernatant TGF-f31 was analyzed by
ELISA. The mixed cultures were mitotically dyssynchronous at all
time points through 30 hours to a similar degree (e.g., G1/5/G2,M
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for 30 hours: 54/20/26%), began to spontaneously resynchronize

at 42 hours (69/14/17%), and was fully synchronous by 48 hours
(2/89/9%). The control cultures remained synchronous throughout,
but out of phase with each other and the mixed cultures. Percent-
age of baseline TGF-B1 (measured at 0 hours) was calculated for

18 (-9.4%), 24 (-10.3%), 42 (+2.7%) and 48 (+1.8%) hours in the
mixed culture. In contrast, the control cultures'TGF-31 percentage
of baseline remained low at 24 hours (-10.5,-8.6%) and 48 hours
(-1.8,-6.5%). We developed a novel in vitro model of induced mitotic
dyssynchrony and spontaneous mitotic resynchronization in nor-
mal tracheobronchial epithelial progenitor cells that will be useful
to dissect mitotic regulatory signaling. Importantly, our data show
that this mitotic dyssynchrony and resynchronization occur in con-
cert with a trough and peak in TGF-31 secretion. This model permits
study of TGF-B1 regulation of normal airway epithelial progenitor
mitotic synchrony, laying the foundation for experiments to deter-
mine the defect(s) that underlie asthmatic mitotic dyssynchrony.

Poster Board Number: T-1178

TARGETED CCSP+* SCA1* MURINE BONE MARROW
CELL

THERAPY RESTORES CFTR AND IMPROVES LUNG
FUNCTION

Duchesneau, Pascal’, Besla, Rickvinder', Wong, Amy P2, Waddell,
Thomas K

"Thoracic Surgery, University of Toronto, Toronto, ON, Canada, 2Developmental
& Stem Cell Biology, Hospital for Sick Children, Toronto, ON, Canada

Cellular therapy is a promising approach for treatment of lung dis-
ease such as cystic fibrosis. However, previous studies reported low
engraftment while the function of grafted cells remained unclear.
Conditions to increase airway engraftment and therefore cystic
fibrosis trans-membrane receptor (CFTR) expression have not been
described. We previously showed better bone marrow cell (BMC)
retention in the lung for trans-tracheal delivery versus intravenous
injection and optimized other delivery parameters leading to
increase retention efficiency and greater long term engraftment.
We also identified a subpopulation of BMC expressing clara-cell
secretory protein (Ccsp) which can proliferate and differentiate into
lung epithelium. Here, we isolated an even smaller population of
BMC expressing Ccsp and stem cell antigen-1 (Sca1). We expanded
this population by approximately 10-fold in culture with mouse
embryonic fibroblast (MEF) feeder layer for 15 to 20 days before
sorting out GFP positive cells and using them for delivery to injured
lung. Expanded Ccsp+Scal+ cells had ~5-fold greater retention
efficiency in mice lungs, as detected by real-time PCR of the Y chro-
mosome, when compared to unsorted 7-day cultured BMC. CFTR
appeared to be restored in lungs of mice knockout for CFTR treated
with wild-type cells and some cells were localized in the airway.
Engrafted cells also appeared to have beneficial effects in lung
function by maintaining ceramide levels which decreased with age
in CFTR knockout mice not receiving any treatment. Airway surface
liquid (ASL) thickness was also maintained to wild-type levels in
CFTR knockout mice treated with wild-type cell. We propose that
greater BMC engraftment in the lung will increase CFTR expression,
possibly leading chloride transport restoration, and have other
beneficial paracrine effects, thus improving lung function in cystic
fibrosis disease.

Epidermal Cells

Poster Board Number: T-2001

MOVING TARGETS: PHENOTYPIC INSTABILITY OF
ATET-OFF-SV40 TAG IMMORTALIZED CELL LINE
ISOLATED FROM TRANSGENIC MOUSE ADULT
SKIN TISSUE

Chen, Una
ISPl e.V.,, Giessen, Germany

Introduction: From the double transgenic mice expressing
SV4QTag driven by the tetracycline-transactivator (tTA, tet-off), a
mouse cell line from the skin tissue was isolated and established

in culture. That is unusual because conventional mouse skin cells
are normally difficult to grow in vitro. Material and Methods: cell
culture, apoptotic test, transgenic insertion of vectors coding for
various cytokine, FACS analysis, ELISA assay, histology, confocal
microscopy, RT-PCR assay, immune-incompetent mice. Results: The
partial characterization of this mouse cell line demonstrates prop-
erties mimicking mouse ectodermal progenitor cell or even earlier
precursor. The cells become apoptotic and necrotic in responding
to doxycycline and TNF. Differentiation of these progenitor/stem
cells does not occur automatically. It requires multiple factors and
extensive manipulation in vitro and in vivo. Applying such ap-
proaches, we have isolated several cell clones. They are character-
ized to be down-stream keratinocytic precursors. The cell line is
not stable, upon prolong culture, their phenotypes have shifted to
more mature progeny. Conclusion: The stage of differentiation from
ectodermal progenitor to keratinocyte could be assigned to be
seven-plus stages. The doxycycline-regulated SV40Tag expressing,
stage-specific cell lines isolated from skin and the derived cytokine
secreting clones might be useful for multiple purposes such as
functional genomic analysis, skin toxicology test, the mechanism
of skin tumor progression, studying immune responses after skin
stem cell transplantation.

Poster Board Number: T-2002

TRACING FOLLICULAR STEM CELLS IN ADULT
MOUSE UNDER WOUND CONDITION

Hong, Jin-Bon', Wu, June-Tai?, Lin, Shu-Wha3, Chen, You-Tzung'
'Graduate Institute of Clinical Genomics, National Taiwan University College
of Medicine, Taipei, Taiwan, ?Institute of Molecular Medicine, National Taiwan
University College of Medicine, Taipei, Taiwan, *Department of Clinical
Laboratory Sciences and Medical Biotechnology, National Taiwan University
College of Medicine, Taipei, Taiwan

Stem cells are multipotent and capable of self-replicating and
differentiating into several cell lineages. In skin, the keratin 15
(K15)-positive cells in hair follicle bulge are stem cells, which can
differentiate into cells of hair follicles and sebaceous glands. To pre-
cisely trace the stem cells, a R26 dual-fluorescence reporter mouse,
activated by Cre-mediated DNA recombination, had been gener-
ated for labeling target cells with chromatin EGFP and membrane
mCherry fluorecence(R26H2B-EGFP-mCHerry-GPl, abbreviated as
R26GM). This reporter mouse had been an excellent tool to trace
individual cells by their sharp nuclear green fluorescence and mem-
brane red fluorescence. For identifying and tracing the stem cells in
skin appendage, we crossed K15-CrePR mouse with R26GM mouse.
The back skin of the inducible transgenic mouse (K15-CrePR-
R26GM) was applied with 1% topical RU486 for 5 consecutive days
and then skin tissues were sampled at different time points. We
have traced the stem cells by monitoring the fluorescent cells in the
hair cycling. The descendants of hair follicle stem cells, labeled with
dual-fluorescence, migrated out of bulge during the anagen phase.
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Of note, the k15-positive stem cells can differentiate to a portion of
interfollicular epidermis under wound condition. For clearly tracing
the hair follicle stem cells and their descendants in different wound
stages, a 1-cm full-thickness longitudinal incision was made on the
back of the adult transgenic mouse (K15-CrePR-R26GM). We found
the labeled cells migrated from bulge towards the interfollicular
epidermis in the early phase. In later stage, the number of labeled
cells decreased in the interfollicular epidermis.

Poster Board Number: T-2003

THE HISTONE METHYLTRANSFERASE SETD8 IS
REQUIRED FOR SURVIVAL OF MOUSE EPIDERMAL
STEM CELLS

Driskell, Iwona, Frye, Michaela
PDN, WT-CSCR, Cambridge, United Kingdom

Epigenetic modifications, such as histone methylation play an im-
portant role in chromatin structure and promoter activity, and have
been implicated in a wide range of biological processes including
development, reprogramming, aging and cancer but our knowl-
edge is still limited when it comes to the importance of histone
methylation in multipotent stem cells of adult mammalian tissues.
In this study we conditionally deleted Setd8/PR-Set7/KMT5a, the
sole enzyme to catalyse the formation of mono-methylated histone
4 at lysine 20 (H4K20me1) in mouse skin. We targeted deletion

of Setd8 to undifferentiated layers of the mouse epidermis and
found both proliferation and differentiation processes impaired in
embryonic and adult skin. We provide evidence that the long-lived
epidermal progenitor cells are lost in the absence of Setd8, leading
to a complete loss of sebaceous glands and interfollicular epider-
mis. We further show that Setd8 is a transcriptional target of c-Myc
and an essential mediator of Myc-induced epidermal differentia-
tion. Deletion of Setd8 in c-Myc over-expressing skin blocks cellular
proliferation and differentiation and causes cell death instead. The
increase in apoptosis in skin when Setd8 has been knocked-out
can be explained by our discovery that p63, an essential transcrip-
tion factor for epidermal commitment, is lost. In contrast, the p63
homologue p53 is gained upon removal of Setd8 in skin. Then, we
show that both over-expression of p63 and repression of p53 can
at least in part rescue the Setd8-induced epidermal phenotype. In
this study we demonstrate for the first time that Setd8 is required
for normal tissue homeostasis, in vivo and that Setd8 is an inhibitor
of apoptosis in skin and its activity is essential for proper deposition
of histone modifications at H4, epidermal stem cell survival as well
as proliferation and differentiation. Finally, conditionally deletion of
Setd8 in bulge stem cells of the hair follicle did not cause any hair or
skin phenotype, indicating that stem cell populations located in the
hair follicle bulge or interfollicular epidermis and sebaceous glands
are distinct from each other.

Poster Board Number: T-2004

ANALYZING SKIN DEVELOPMENT AND
HOMEOSTASIS WITH A TCF3 REPORTER KNOCK-IN
MOUSE

Howard, Jeffrey M., Nguyen, Hoang

Stem Cells and Regenerative Medicine Center, Baylor College of Medicine,
Houston, TX, USA

Tcf3 (also known as Tcf711) is a member of the Lef/Tcf family of tran-
scription factors, which are best known as downstream cofactors of
B-catenin in the canonical Wnt signaling pathway. Lef/Tcf proteins
have been implicated in stem cell function in a variety of tissues,
and Tcf3 in particular is a key regulator of differentiation/self-
renewal balance in embryonic stem cells. Tcf3 expression has also
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been demonstrated in local stem and progenitor cells in mouse
skin, where it plays an important role in tissue homeostasis and
wound repair. However, the exact role played by the various Tcf3-
expressing populations during skin development, renewal, and
repair is unclear, and in general Tcf3 remains less well studied than
other members of the Lef/Tcf family, especially its closely related
paralogue Tcf4 (Tcf712). To allow a thorough analysis of the func-
tions of Tcf3-expressing progenitor cells in skin and other tissues,
we have created a novel Tcf3 reporter knock-in mouse. The Tcf3-2A-
eGFP-2A-CreERT2 (or “Tcf3 GC") mouse contains a eGFP fluorescent
marker and tamoxifen-inducible Cre recombinase genes appended
to the 3’end of the native Tcf3 open reading frame using “self-
cleaving” 2A peptides, generating three separate peptides from a
single ORF. The resulting mouse is expected to express eGFP (for
live cell sorting) and CreERT2 (to allow Cre/loxP-based lineage trac-
ing) in all Tcf3-expressing cells. The targeting scheme was designed
to preserve a functional Tcf3 ORF in order to allow the generation
of homozygous knock-in mice. We generated chimeric knock-in
mice using standard gene targeting techniques and verified that
the knock-in allele was transmitted to progeny in the germline.
Initial crosses yielded viable heterozygous (Tcf3 GC/+) and homo-
zygous (Tcf3 GC/GC) knock-in mice without obvious abnormalities,
demonstrating that the targeted allele retains normal function
(Tcf3-deficient mice die during early development). In preliminary
experiments with Tcf3 GC/+; ROSA26 lacZ/+ mice, we observed

Cre recombinase activity in the outer root sheath and bulge of the
hair follicle, both known sites of Tcf3 expression. We are currently
undertaking further experiments to assess GFP expression and Cre
dose response in GC/+ and GC/GC mice, and we will then proceed
with lineage-tracing experiments to assess the function of Tcf3-
expressing cells during development and homeostasis.

Poster Board Number: T-2005

SUCCESSFUL GRAFTING OF AUTOLOGOUS
TISSUE-ENGINEERED SKIN SUBSTITUTES ON
BURN PATIENTS: PRESERVATION OF STEM CELLS
AND MINIMAL CONTRACTION

Germain, Lucie', Gauvin, Robert’, Larouche, Danielle’, Lavoie,
Amélie', Duranceau, Louise?, Hervé, Genest?, Moulin, Véronique J.',
Auger, Frangois A.!

'Dept Loex/Surgery, Centre hospitalier affilié universitaire de Québec, Laval
Univ., Quebec, QC, Canada, *Centre hospitalier de I'université de Montreal,
Montreal, QC, Canada, *Dept LOEX/Surgery, Centre hospitalier affilié
universitaire de Québec, Quebec, QC, Canada

To adequately and permanently restore organ function after graft-
ing, tissue-engineered skin substitute (TES) must ultimately contain
and preserve functional epithelial stem cells. Another consideration
is to maximize the structural stability of skin substitutes consider-
ing that the main sequalae of patients surviving major burn injuries
result from contractures and hypertrophic scars. The present

study was designed to assess stem cell preservation as well as the
contractile behavior of the tissue-engineered skin (TES) made by
the self-assembly approach, where keratinocytes are cultured on
tissue-engineered dermis comprised of fibroblasts and the endoge-
nous extracellular matrix they synthetized and organized. A subset
of basal cells exhibiting the stem-cell associated slow-cycling
property were identified within the epidermis of the TES cultivated
in vitro using 5-bromo-2"-deoxyuridine (BrdU) labeling. A high
proportion of these slow-cycling cells also expressed keratin 19
(K19). These stem cells were preserved in the epidermal basal layer
of TES for several weeks of culture. The structural stability of the

TES was evaluated in vitro at the end of the production (17 days of
epidermal cell culture). The TES were detached from their anchor-
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ing, deposited on a soft substrate, and contraction was monitored
over one week. Most of the contraction occurred within the first 12
hours following deposition on the substrate. The average contrac-
tion was only 24+4% for TES containing terminally differentiated
epidermal layers. TES were then used as autologous full-thickness
grafts for third-degree burn wound coverage or hypertrophic scar
revision of severely burned patients. Before grafting, TES were de-
tached from their anchoring and deposited on the soft substrate for
at least 6 hours. One week after grafting, a complete graft take was
obtained and no significant contraction was observed. Histological
and immunofluorescence analyses revealed that the TES presented
a well-organized epidermis and that stem cells were settled and
maintained in the basal layer 21 days after grafting as identified

by K19-labeling. Transmission electron microscopy observations
confirmed the abundance of extracellular matrix elements in the
dermis of grafted TES and the presence of a complete basement
membrane with numerous hemidesmosomes indicating cohesion
between the dermis and epidermis. TES promoted a particularly
good healing and suppleness. The integrity of the transplanted TES
persisted over time (2 to 6 years follow-up) with no defect in epi-
dermal regeneration, and no significant contracture. We conclude
that the TES produced by the self-assembly approach is a promising
skin substitute for the closure of full-thickness skin injury because
of its functional characteristics: in addition to preserve stem cells, it
undergoes minimal contraction after grafting.

Poster Board Number: T-2006

NEURAL STEM CELL DERIVED CONDITIONED
MEDIUM SUPPRESSES MELANOGENESIS
THROUGH INHIBITION OF WNT/B-CATENIN
SIGNALING PATHWAY

Hwang, Insik’, Oh, Seung-Ick’, Park, Hang-Soo', Park, Ju-Hwang?,
Seol, Ki-Cheon?, Kim, Jeong-Ok3, Kang, Seongman?, Hong, Sunghoi’
'Department of Biomedical Science, College of Health Science, Korea University,
Jeongneung-dong, Sungbuk-gu, Seoul, Korea, Republic of, ?Graduate School
and Biotechnology, Korea University, Anam-dong, Sungbuk-gu, Seoul, Korea,
Republic of, *Stem Cell Research Center, Future Cell Therapy, Goam B/D,
Jamwon-dong, Seocho-gu, Seoul, Korea, Republic of

Skin pigmentation by melanin serves many valuable functions
such as photoprotection of the body from ultraviolet (UV) light,
but production of excessive melanin triggers hyperpigmentation
in the skin. Melanogenesis has been involved in complex regula-
tory control by various extrinsic and intrinsic factors that may be
produced by neighboring cells in the skin or by the environments.
Melanin is synthesized from tyrosine via an enzymatic cascade
that is controlled by three important proteins such as tyrosinase,
tyrosine-related protein 1 (TRP1) and dopachrome tautomerase
(DCT). The most important microphtalmia-associated transcription
factor (MITF) in the expression of tyrosinase, TRP1 and DCT genes is
known as a master regulator of pigmentation as well as a target for
the Wnt signaling pathway during the melanocyte differentiation
program. Previously, the conditioned medium (CM) from many dif-
ferent types of adult stem cells such as adipose-derived stem cells
has been identified its ability for the inhibition of melanin produc-
tion. However, the neural stem cell-derived CM (NSC-CM) in the
control of melanogenesis has not been investigated. In this studly,
we elucidated the effects and the mechanisms of the NSC-CM for
melanin inhibition in vitro and in vivo. The melanin content and
tyrosinase activity in B16 melanoma cells that were treated with
NSC-CM were dramatically decreased. The key enzymes, which are
tyrosinase, TRP1, DCT and MITF, were also robustly decreased in our
real-time RT-PCR, western blot and immunofluorescence assays in
vitro. In addition, the melanin content in C57/BL-6J mice that were

treated with NSC-CM every once a day for 10 days was decreased
when it was measured by Mexameter. The key enzymes were
significantly decreased in ourimmunohistochemistry and immuno-
fluorescence assays in vivo. Interestingly, we found that the NSC-CM
antagonized the canonical Wnt pathway by decreasing of B-catenin
accumulation in the nucleus, which was resulted from the in-
creased Wnt inhibitors and the reduced co-receptors. Therefore,
these results show that the NSC-CM could inhibit melanin synthesis
through the down-regulation of MITF and its downstream targets,
which is mediated by Wnt/B-catenin signaling pathway.

Poster Board Number: T-2007

THE OUTCOME OF SEBACEOUS C-MYC ACTIVITY
IS DICTATED BY AN ANDROGEN RECEPTOR /P53
DIFFERENTIATION AND PROLIFERATION AXIS

Cottle, Denny L.", Kretzschmar, Kai', Schweiger, Pawel?, Quist,
Sven?, Gollnick, Harald®, Natsuga, Ken?, Aoyagi, Satoru?, Watt, Fiona
M.2

'University of Cambridge, Wellcome Trust Centre for Stem Cell Research,
Cambridge, United Kingdom, ?Cancer Research UK, Cambridge Research
Institute, Cambridge, United Kingdom, 3Clinic of Dermatology and Venereology,
Otto-von-Guericke University, Magdeburg, Germany, “Department of
Dermatology, Hokkaido University School of Medicine, Sapporo, Japan

c-Myc (Myc) is the classic oncogene, however the paradox of Myc-
induced epidermal differentiation is well documented. Analysis of
mouse sebaceous glands (SG) revealed Myc expression coincided
with Androgen Receptor (AR) expression, and in studies using
K14-MycER transgenic mice (Myc mice), we found following Myc
activation, the AR functioned to promote differentiation and inhibit
proliferation. p53 activated in response to high Myc activity and
inhibited AR signalling, thereby promoting only Myc's default pro-
liferative function. Strengthening AR signalling with testosterone,
inhibited p53 activity, forming a bidirectional AR/p53 differentia-
tion axis by mutual antagonism. Analysis of human sebaceous
neoplasms revealed AR expression correlated with increased dif-
ferentiation, while p53 correlated with reduced differentiation. This
bidirectional AR/p53 axis explains the paradox of how Myc can trig-
ger both SG differentiation and proliferation in different contexts.

Poster Board Number: T-2008

THE DERMAL NICHE OF MURINE EPIDERMAL
STEM CELLS IS AN UNEXPECTED PLASTICTISSUE

Kretzschmar, Kai, Collins, Charlotte A., Watt, Fiona M.

Wellcome Trust Centre for Stem Cell Research, University of Cambridge,
Cambridge, United Kingdom

Mammalian dermis provides a niche for epidermal stem cell during
tissue morphogenesis and maintenance. Dermal fibroblasts are the
major component of this microenvironment and critical media-
tors of epithelial-mesenchymal interactions. Hair follicle forma-

tion for example is dependent on specialised dermal cells found

in the dermal papilla and dermal sheath. Postnatal skin does not
normally give rise to new hair follicle, but epidermal activation of
beta-catenin in transgenic mice can induce ectopic hair follicles
(EF). These EFs stimulate dermal fibroblasts to form ectopic dermal
papillae indicating reciprocal signalling between epidermal stem
cells and their niche. Here we show that epidermal Wnt/beta-
catenin can stimulate the fibroblasts of the adult dermal niche to
proliferate and remodel the extracellular matrix to an extant similar
to neonatal dermis. Also, we identified a number of candidate fibro-
blast mitogens that were upregulated in keratinocytes in response
to beta-catenin stabilisation, such as members of the family of the
transforming growth factor beta (TGF-beta). This suggested a cross-
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talk between TGF-beta signalling and epidermal Wnt/beta-catenin
signalling in this context. To examine the possible functional
interaction between both pathways, we used a chemical inhibitor
to modulate TGF-beta signalling during beta-catenin induced EF
formation. TGF-beta inhibition caused epidermal cell proliferation
in wild-type and transgenic mice leading to abnormal differentia-
tion of the epidermal compartments. Mice developed dermal
thickening indicating increased collagen deposition and increased
proliferation of dermal fibroblasts. Overall, our results show that
adult murine dermis is an unexpected plastic tissue.

Cardiac Cells

Poster Board Number: T-2009

REPLICATIVE SENESCENCE OF HUMAN CARDIAC
STEM CELLS

Choi, SungHyun', Jung, Seok Yun?, Yoo, Sae Mi', Kwon, Sang-Mo?,
Baek, Sang Hong'

'Laboratory of Cardiovascular Regeneration, Division of Cardiology, Seoul St.
Mary’s Hospital, School of Medicine, The Catholic University of Korea, Seoul,
Korea, Republic of, ?Laboratory of Vascular Medicine & Stem Cell Biology,
Department of Physiology, School of Medicine, Pusan National University,
Yangsan, Korea, Republic of

Recently cardiac stem cells (CSC) identified in human myocardium
niche, these stem cells one of the potential sources for regenera-
tion of human myocardium. CSCs have multipotent capability as
transdifferentiation into cardiomyocyte, endothelial, and smooth
muscle linage cells. However, CSCs have a limited lifespan in vitro
as somatic, and other adult stem cells. Accumulating cell division,
CSCs enter senescence, which observed enlargement of cytoplasm
and a stop of in vitro amplification. Recently studies have indicated
that CSCs exhibit reduced differentiation potential upon prolonged
in vitro culture. Furthermore, senescence of CSC might limit their
therapeutic applications. Thus, analysis of in vitro senescence in CSC
is important to cell therapy based on stem cell for cardiovascular
disease. However, molecular mechanisms of in vitro senescence

of CSC are still poorly understood. Clearly, cellular senescence is

a very complex process and the sequence of its molecular events

is thus far unknown. Thus, we examined change of MAPK expres-
sion after CSC senescence and whether CSC senescence prevents
used by MAPK regulation. In this study, using human CSCisolated
from infant myocardium using by a c-kit antibody. Senescence
human CSC (S-hCSC) used passage numbers of 11 to 14 and young
human CSC (control) used passage number of 3 to 5. To character-
ize human CSC senescence, we examined senescence associated
B-galactosidase activity (X-gal stain), cytoplasm enlargement assay.
S-hCSC was significantly increased X-gal positive cells (p<0.01) and
their cytoplasm enlarged compared control groups (p<0.01). In
addition, senescence associated protein p53 inhibitor molecule,
Mdmz2, was significantly reduced in S-hCSC rather than in con-

trol (p<0.05). Therefore, proliferation capability was significantly
reduced in S-hCSC compared to control as shown (p<0.01). These
results due to the cell cycles G1 arrest in S-hCPC; Cyclin E/CDK2
expression was reduced. To confirm the expression of MAPK during
hCPC senescence, we analyzed by western blot. Interestingly, only
ERK was strongly phosphorylated in S-hCPC rather than in control
group (p<0.01). With this in mind, we examined whether hCSC se-
nescence prevent by treatment with ERK inhibitor as U0126. X-gal
positive S-hCSC significantly reduced after treatment with U0126
for 24h (p<0.05) and 48h (p<0.05). Therefore, irregular morphology
of S-hCSC was recovered after treatment with U0126 for 24h and
48h. In addition, reduced in vitro amplification capability of S-hCSC
was clearly recovered after treatment with U0126 for 24h (p<0.01)
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and 48h (p<0.01). The senescence associated protein p53 inhibitor,
Mdm2 expression was significantly increased after treatment with
U0126 for 24h and 48h which compared to S-hCPC (p<0.01). Finally,
we confirmed hCSC differentiation potential; we induced transdif-
ferentiation into endothelial, smooth muscle cell, and cardiomyo-
cyte in vitro. However, there was any difference protein expression
among control, S-hCSC, and treatment with U0126. Based on
these results, we concluded that hCSC senescence processed via
MAPK and p53 mediated signaling pathway, and senescence hCSC
prevented using by MAPK regulation especially, ERK inhibition.
Therefore, this study may offer strong evidence for basic research
of human cardiac stem cell senescence and clinical application for
stem cell therapy of cardiovascular disease.

Poster Board Number: T-2010

CHARGED SURFACE MODIFICATION CULTURE
SYSTEM FACILITATES MAINTENANCE OF HUMAN
C-KIT POSITIVE CARDIAC STEM CELLS

Choi, SungHyun', Jung, Seok Yun? Kwon, Sang-Mo?, Baek, Sang
Hong'

'Laboratory of Cardiovascular Regeneration, Division of Cardiology, Seoul St.
Mary’s Hospital, School of Medicine, The Catholic University of Korea, Seoul,
Korea, Republic of, *Laboratory of Vascular Medicine & Stem Cell Biology,
Department of Physiology, School of Medicine, Pusan National University,
Yangsan, Korea, Republic of

Ischemic heart diseases accelerate damage and loss of cardio-
myocyte. Replacing de novo human cardiomyocyte is difficult;
because of human adult cardiomyocyte has limited regenerative
capability. However, accumulating evidences suggested that
damaged cardiomyocyte could replace using by transplantation

of some adult stem cells. Recently, cardiac stem cells (CSC), one
potential source of stem cells, were identified. These stem cells
have multipotent capability which could be transdifferentiated
into cardiomyocyte, endothelial lineage and smooth muscle cell
lineages. However, in fact, CSC has a low expansion ratio and is
hardly difficult to maintain in canonical stem cell culture vessels.
Therefore, we were designed to examine the efficacy of a novel CSC
culture method that uses surface-charged modification of culture
vessels which coated by charging molecules such as carboxyl and
amine residue. Thus, the aim of this study was we examined effects
of in vitro amplification and attachment on isolated human c-kit
positive cardiac stem cell (hCSCc-kit+). In this study, we used the
hCSCc-kit+ were isolated from human infant myocardium using

a c-kit antibody. The experimental groups divided into following
three groups: hCSCc-kit+ cultured on canonical non-coated culture
vessels (control), carboxyl residue-coated vessels (carboxyl), and
amine residue-coated vessels (amine). To confirm the effects of
surface-charged modification culture vessels on hCSCc-kit+, we
first examined cellular proliferation. The proliferation ratio in amine
group was significantly increased rather control (p<0.05), and car-
boxyl group as shown (p<0.05). Next, we examined the c-kit expres-
sion maintenance during culture using by fluorescence-activated
cell sorting. The maintenance of c-kit expression capability in amine
group greater extended rather than control as shown (p<0.01). In
addition, carboxyl group also extended c-kit expression mainte-
nance rather than control group (p<0.05). These results suggested
that hCSCc-kit+ cultured on amine and carboxyl residue-enriched
culture vessels were facilitates maintenance of stem cell potency
compared to other culture vessels as non-coated and carboxyl.
Furthermore, we observed that cellular attachment capability in
amine group greater than control (p<0.05). Finally, we confirmed
cellular signaling molecules expressions. The amine and carboxyl
groups increased phosphorylation signals, such as focal adhesion
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kinase (FAK) and cytosolic sarcoma (c-Src), and enhanced ERK/CDK2
signaling. There was a significantly down-regulation of the stress
signal transducer, JNK, in amine group. These results suggested that
hCSCc-kit+ cultured on charged surface modification increased

FAK and c-Src phosphorylation, and enhance cellular proliferation
and cellular attachment. Enhanced cellular attachment increased
cellular survival pathway and reduced cellular stress response
signaling pathway. On the basis of our results, we conclude

that amine residue-enriched surface modification may improve
hCSCc-kit+ in vitro amplification. This surface modification culture
vessels improved cellular proliferation and attachment during in
vitro hCSCc-kit+ culture, possibly through modulating intracellular
signal transducers. Therefore, this novel culture methodology may
be clinically applicable to cell therapy based on stem cells for heart
disease.

Poster Board Number: T-2011

AN IMPORTANT ROLE FOR A MITOCHONDRIAL
REGULATOR IN DETERMINING HESC-DERIVED
CARDIOMYOCYTE IDENTITY

Birket, Matthew J.", Ward-van Oostwaard, Dorien’, Davis, Richard
P, Braam, Stefan R., Gerencser, Akos A2, Elliott, David A2, Elefanty,
Andrew G2, Stanley, Ed G5, Mummery, Christine L.’

'Anatomy and Embryology, Leiden University Medical Center, Leiden,
Netherlands, ?Buck Institute for Research on Aging, Novato, CA, USA, *Monash
Immunology and Stem Cell Laboratories, Monash University, Clayton, Australia

A fundamental feature of cardiomyocyte development in the body
is the large increase in mitochondrial content from the fetal to the
mature cell. These organelles are ultimately required to fund the
high ATP demand of cardiac work. It is not known for certain which
genes co-ordinate the increase in mitochondria or how important
this programme is for determining the overall cell phenotype, in
addition to increasing ATP-generating capacity. In this study, we
addressed the importance of this process in human embryonic
stem cell (hRESC)-derived cardiomyocytes, with the long term aim
of elucidating the conditions required to mimic in vivo develop-
ment conducive with cell maturation. Using an NKX2.5-GFP hESC
reporter line allowing identification and sorting of cardiomyocytes,
we show that increasing mitochondrial biogenesis is indeed a fun-
damental and specific feature of these developing cells. The gene
PGC-1alpha, an important regulator of mitochondrial biogenesis,
is specifically upregulated in cardiomyocytes and its knockdown
by RNAi in these cells blocks the increase in mitochondrial density.
In tandem with mitochondrial changes we discovered that cardiac
gene expression is repressed early on PGC-1alpha knockdown
within NKX2.5 positive cells, suggesting a close connection
between the function of this protein and cardiomyocyte identity.
We find that the long-term consequences of the genetic manipula-
tion depend on the subsequent level of cell stimulation and vary
between a mild and extreme disturbance in the cell phenotype.
These results indicate a novel finding - that the regulation of
mitochondrial function and cardiac gene expression are connected.
Whether this is determined directly by the regulator or indirectly
via mitochondrial functionality is being explored. This finding has
important consequences for any downstream applications involv-
ing these cells, especially in the study of stress-related diseases
such as cardiac hypertrophy or mitochondrial disease.

Poster Board Number: T-2012

A NOVEL METHOD OF SELECTING HUMAN
EMBRYONIC STEM CELL-DERIVED
CARDIOMYOCYTE CLUSTERS FOR ASSESSMENT
OF POTENTIAL TO INFULENCE QT INTERVAL

Hihara, Taro, Yamazaki, Kazuto, Taniguchi, Tomohiko, Kohmura,
Naohiro, Yoshinaga, Takashi, Ito, Masashi, Sawada, Kohei
Product Creation Systems, Eisai, Ibaraki, Japan

Application of human embryonic stem (ES) cells and induced
pluripotent stem (iPS) cells is opening the new era of drug dis-
covery and toxicological testing. The most promising cell type is
cardiomyocytes differentiated from these stem cells, because it is
difficult to get human primary cardiomyocytes. QT prolongation,
which is a risk factor of ventricular tachycardia, is a critical cause of
the withdrawal or use restriction of marketed drugs. We have used
hERG channel-overexpressing cells as an in vitro model and dogs

or monkeys as in vivo models to predict QT prolongation. How-
ever, there are discrepancies between the results of in vitro hERG
assays and in vivo QT experiments. Thus, we consider that desirable
evaluation systems are those that utilize human cardiomyocytes
physiologically expressing multiple ion channels involved in QT
intervals. In our preliminary experiments of QT risk evaluation using
a multielectrode recording system, we found that responsiveness
of field potential duration (FPD) to reference compounds differed
very much from non-responders to excessive responders in human
ES cell-derived cardiomyocyte clusters. We report a novel method
selecting clusters suitable to the evaluation of drug candidate com-
pounds to establish a robust QT risk assessment system. Clusters
were treated with cisapride, a hERG channel blocker, at 100 nM, and
selected with criteria of 5 to 20% of corrected FPD (FPDc) prolonga-
tion. After washout for several days, selected clusters were treated
with reference compounds. FPDc was prolonged by blockade of
hERG channel (+12.1% by E-4031 at 30 nM; +6.0% by d/-sotalol at
10 uM) and KvLQT1 channel (+9.2% by chromanol 293B at 10 pM;
+10.0% by HMR1556 at 1 uM), and by activation of sodium channel
(+15.5% by veratridine at 1 uM) and calcium channel (+13.9% by
Bay K8644 at 30 nM). FPDc was shortened by blockage of calcium
channel (-13.4% by verapamil at 30 nM; -10.8% by nifidipine; -10.3%
by diltiazem) and by activation of K, , channel (-5.5% by pinacidil
at 1T uM). Quinidine and dysopyramide prolonged FPDc by 8.2% at

1 uM and 9.8% at 10 uM, respectively. Selected clusters are proper
to assess effects of compounds on ion channels affecting QT
intervals. This is the first report on the establishment of the QT risk
assessment system using pharmacologically selected clusters. In
addition, our results show again usefulness of stem cell technolo-
gies.

Poster Board Number: T-2013

HUMAN CARDIAC PERICYTES: MULTIPOTENT
MESODERMAL PROGENITORS WITHIN THE
MYOCARDIUM EXHIBITING TISSUE SPECIFICITY IN
MYOGENESIS

Chen, Chien-Wen', Corselli, Mirko?, Baily, James E.3, Sun, Bin*,
Péault, Bruno? Huard, Johnny*

'Bioengineering, University of Pittsburgh, Pittsburgh, PA, USA, ?David Geffen
School of Medicine, University of California at Los Angeles, Los Angeles, CA, USA,
3Center for Cardiovascular Science, University of Edinburgh, Edinburgh, United
Kingdom, *Orthopedic Surgery, University of Pittsburgh, Pittsburgh, PA, USA

Microvascular pericytes purified from multiple human tissues have
recently been shown to harbor stem cells exhibiting myo-, osteo-,
chondro- and adipogenic differentiation potentials and therefore
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suggested to be one of the developmental origins of mesenchymal
stem/stromal cells (MSCs). Nevertheless, it is not clear whether
microvascular pericytes residing in the human heart possess
multipotency and stem/progenitor cell characteristics, similar to
their developmentally distinct counterparts in other organs. Herein
we explored the hypothesis that pericytes are present within the
human myocardium as multi-lineage mesodermal progenitors with
tissue specificity. Immunohistochemistry showed that human adult
and fetal cardiac microvascular pericytes express known pericyte
markers in situ, including CD146, NG2, PDGFR-(3, SMA, and SM-
MHC, but not CD117, CD133, and endothelial cell markers. Human
heart cells were isolated from ventricular myocardial biopsies by
mechanical dissociation and collagenase digestion and subse-
quently subjected to fluorescence-activated cell sorting (FACS) for
purification. Using a combination of selective cell surface markers,
including positive selection marker CD146 and negative selection
markers: CD34, CD45, CD56, and CD117, we prospectively purified
human cardiac pericytes to homogeny. Sorted cardiac pericytes
(CD146*CD34'CD45CD56'CD117) can be cultured in the long term
and displayed morphological and proliferative profiles similar to
pericytes purified from skeletal muscle. Cultured cardiac pericytes
consistently expressed CD146, NG2, PDGFR- and -3, SMA, and alka-
line phosphatase and formed capillary-like networks in Matrigel at
different passages. Cellular interaction between cardiac pericytes
and endothelial cells was further illustrated by the formation of
capillary networks in two- and 3-dimensional Matrigel co-cultures.
To examine their cardiomyocyte differentiation capacity, cultured
cardiac pericytes were treated with 10 M 5-Azacytidine (AZA) for
72 hours and subsequently maintained in differentiation medium
for up to 2 weeks. Immunocytochemistry showed that a fraction of
AZA-treated cardiac pericytes exhibit -sacromeric actinin, cardiac
myosin heavy chain, and nuclear GATA-4, but not cardiac troponin-
I, suggesting an immature phenotype. Immunohistochemistry

and flow cytometry showed that cardiac pericytes natively express
classic MSC markers, including CD44, CD73, CD90, and CD105.To
investigate whether these cells possess multi-lineage mesodermal
potential, cardiac pericytes were cultured in osteogenic, chondro-
genic, adipogenic, and skeletal myogenic conditions. Cardiac peri-
cytes exhibited robust osteo-, chondro-, and adipogenesis, but not
skeletal myogenesis. No myotube formation or expression of fast
skeletal myosin heavy chain was observed, suggesting tissue speci-
ficity of cardiac pericytes, distinct from pericytes of other origins, in
myogenesis. Our results showed that human cardiac pericytes can
be prospectively purified by FACS with a combination of selective
cell lineage markers and possess mesodermal multipotency except
skeletal myogenesis. Currently we are investigating the differential
activation of myogenic genes in cardiac pericytes after induction
as well as the engraftment and cardiomyocyte differentiation of
transplanted GFP-labeled cardiac pericytes within the healthy and
ischemic myocardium in immunodeficient mouse models.

Poster Board Number: T-2014

DIRECTED FORMATION OF BIOENGINEERED
HUMAN MYOCARDIUM (BHM) FROM
PLURIPOTENT STEM CELLS

Hudson, James E., Tiburcy, Malte, Zimmermann, Wolfram-
Hubertus

Heart Research Center Goettingen, University of Medicine Goettingen,
Goettingen, Germany

Bioengineered human myocardium (BHM) has a vast range of cur-
rent and potential applications including human developmental
biology, pharmacological studies, disease modelling and regenera-
tive medicine. Ordinarily, human tissue engineered myocardium
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is created by firstly differentiating pluripotent stem cells into cardio-
myocytes and also deriving/isolating other required cell types (eg
fibroblasts), and subsequently forming tissue. In this investigation
we hypothesised that we could form the BHMs directly with undif-
ferentiated pluripotent stem cells and instructing the formation of
myocardial muscle including all the required cell types.

Methods and Results: We firstly developed a consistent differentia-
tion protocol capable of producing large numbers of cardiomyo-
cytes and stromal support cells/fibroblasts simultaneously. This
was achieved using a staged and chemically defined protocol in

2D (16 d). The resulting differentiation cultures (n = independent
experiments) were then characterised using flow cytometry dem-
onstrating high yields of cardiomyocytes (a-actinin positive cells,
28 + 4 % SEM, n = 10), high yields of stromal cells characterised

by a-smooth muscle actin (82 + 6 % SEM) and collagen | (53 + 5 %
SEM) and low yields of remaining pluripotent stem cells (TRA-1-60/
OCT4 positive cells, 0.1 = 0.05 % SEM). In addition, there were low
levels of potentially contaminating cell types using gPCR (n = 3)

for primitive endoderm (SOX17), pluripotent stem cells (OCT4),
primitive mesodermal cells (MESP1) and neural cells (NEUROD1).
We then tested our hypothesis by applying the protocol to undif-
ferentiated pluripotent stem cells in a collagen type 1 hydrogel,
with the addition of mechanical loading to improve tissue maturity.
Our hypothesis was confirmed and at the endpoint (23 d) the BHMs
had a contractile force of 65 + 15 SEM (n = 7, from 3 exp). The BHMs
contained elongated cross-striated cardiomyocytes together with
stromal cells as demonstrated in whole mount immuno-staining
analysis. In addition, gPCR analysis revealed that the development
of BHMs followed the temporal progression of known develop-
mental pathways, with very low levels of other contaminating cell
types. This analysis also revealed the early and transient expression
of markers for heart progenitor populations, including the primary
heart field (TBX5), secondary heart field (ISL1) and the pro-epicardi-
al organ (GATAS5). Flow cytometric analysis demonstrated that these
constructs were comprised of mainly cardiomyocytes (a-actinin
positive cells, 46 + 5 % SEM, n = 9 from 3 exp) and stromal cells (30
+ 6 % SEM, a-smooth muscle actin positive cells and 4 + 1 % SEM
collagen | positive cells, n =9 from 3 exp), with low yields of remain-
ing pluripotent stem cells (TRA-1-60/0CT4 positive cells, 0.03 + 0.01
% SEM, n =4 from 3 exp). Conclusion: BHMs can be formed directly
with undifferentiated pluripotent stem cells under “bio-instructing”
conditions.

Poster Board Number: T-2015

PREDICTIVE TOXICOLOGY USING
SPONTANEOUSLY CONTRACTING HUMAN IPSC
DERIVED CARDIOMYOCYTES

Cromwell, Evan F.’, Sirenko, Oksana’, Hesley, Jayne?, Crittenden,
Carole®, Gallant, Debra?, Anson, Blake*

'Research, Molecular Devices, Sunnyvale, CA, USA, 2Bioimaging, Molecular
Devices, Sunnyvale, CA, USA, *Drug Discovery, Molecular Devices, Sunnyvale,
CA, USA, “Research, Cellular Dynamics International, Madison, WI, USA

A large percentage of new drugs fail in clinical studies due to car-
diac toxicity. Therefore development of highly predicative in vitro
assays suitable for high throughput screening (HTS) is extremely
important for drug development. Human cardiomyocytes derived
from stem cell sources can greatly accelerate the development of
new chemical entities and improve drug safety by offering more
clinically relevant cell-based models than those presently avail-
able. Induced pluripotent stem cell (iPSC) derived cardiomyocytes
are attractive because they express ion channels and demonstrate
spontaneous mechanical and electrical activity similar to native
cardiac cells. They are also available in quantities required for drug
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discovery and screening campaigns. We have developed a HTS
compatible assay for testing toxicity and cardioprotective effects of
drug candidates and developing drugs. Spontaneous contractions
of iPSC derived cardiomyocytes (iCell Cardiomyocytes) in 96 or 384
multiwell plates are measured using a Ca2+ sensitive fluorescent
dye. Rapid changes in fluorescence intensity associated with each
beat event, or “sparks’, are recorded using a fast kinetic whole plate
imaging system (FLIPR Tetra System). Various parameters for each
well of cardiomyocytes are automatically measured including beat
frequency, average rise and decay times, average beat temporal
duration, and irregularities in beat patterns. We have characterized
a number of known compounds including b-adrenergic receptor
agonists and antagonists, and ion channel blockers. We have used
the method to determined IC50/EC50s of chronotropes (epineph-
rine, isoproterenol, propranonol, verapamil) and cardiotoxic com-
pounds (doxazosin, imatinib, antimycin A, terfenadine, cisapride,
astemizole) and found good agreement with previously reported
values. The combination of a robust cell model and fast simultane-
ous whole-plate measurement offers excellent assay precision and
can be a valuable tool to predict cardio toxic effects earlier in the
drug development process.

Poster Board Number: T-2016

ARRHYTHMIA MODEL IN HUMAN ES/IPS CELL
DERIVED CARDIAC CELL MONOLAYER

Kadota, Shin, Minami, Itsunari, Agladze, Konstantin, Nakatsuji,
Norio
Institute for Integrated Cell-Material Sciences, Kyoto University, Kyoto, Japan

Background: In order to advance stem cell research to the medical
applications, it is crucially important to have as full knowledge of
the differentiated tissue as possible. In our work, we study mono-
layers of human ES/iPS cell-derived cardiac tissue as a model sys-
tem for prediction of arrhythmogenesis. Methods: Cardiomyocytes
were differentiated from human ES cell (KhES3) and iPS cell (253G1)
for 3-4 weeks, dissociated by proteases and seeded as cell layers
(12 mm-diameter). They were confirmed as electrical syncytium
using optical mapping with Ca2+ sensitive dye (Fluo-4). Quantita-
tive real time polymerase chain reaction (PCR) and immunostain-
ing were used to analyze these monolayers. We measured relative
gene expression levels compared to GAPDH at 2, 7, and 28 days
after seeding. Results: Excitation wave propagation was detected
in the cell monolayer from 2 to 28 days after seeding. Propagation
wave velocity was dependent on the stimulation cycle length and
lidocaine concentration. The mean wave velocity was 67.4+ 9.7,
44.0 +7.4,and 27.6 = 2.7 mm/s when the lidocaine concentration
was 0, 0.1, and 0.2 mM, respectively (n=7, 7 days after seeding,
One-way ANOVA P=0.007). Reentrant (spiral) wave propagation
was detected in the cell layers while applying high-frequency
stimulation (n=25/77). The size of unexcitable spiral core increased
depending on the concentration of E-4031 and nifekalant. There
was significant difference of mean a-actinin positive area between
the monolayer in which spiral wave was detected and the mono-
layer in which it could not be detected or disappeared easily (n=4
for each, 64.6% vs 83.3%, t test P=0.01). With quantitative PCR, the
expression of B-MHC, Cx43, and HERG-1b increased, but that of
a-MHC and HCN4 decreased during the time course. Conclusions:
We succeeded to create powerful tool to evaluate the arrhythmo-
genic potential of cardiac tissue derived from human ES/iPS cells.
This human ES/iPS cell-derived cardiac tissue is useful for in vitro
reentrant arrhythmia model and drug screening.

Poster Board Number: T-2017

ULTRA-RAPID METHODS TO DETERMINE
TRANSGENE PLACEMENT AND CARDIAC
POTENTIAL OF NEWLY DERIVED HUMAN INDUCED
PLURIPOTENT STEM CELLS

Dambrot, Cheryl S.', Braam, Stefan R.2, Davis, Richard P2,
Langenberg, Karin?, Varga, Eszter?, Freund, Christian M.A.H.2, van

de Pas, Simone?, van Zijl, Lisanne®*, Atsma, Douwe E.>, Mummery,
Christine L2

'Cardiology and Anatomy & Embryology, Leiden University Medical Center,
Leiden, Netherlands, ?Anatomy and Embryology, Leiden University Medical
Center, Leiden, Netherlands, >Biotalentum Ltd, Godollo, Hungary, “Molecular
Cell Biology, Leiden University Medical Center, Leiden, Netherlands, *Cardiology,
Leiden University Medical Center, Leiden, Netherlands

Most reprogramming methods to generate human induced
pluripotent stem cells (hiPSC) produce a large number of clones of
which usually 2-3 are selected for further research. There are cur-
rently no rapid methods available to select particular clones with

a limited number of inserts, integrated in genomic locations not
critical to stem cell maintenance or differentiation. In addition, the
clones of interest for further research will be those able to differen-
tiate efficiently into the lineage of choice. Furthermore significant
line-to-line variability in differentiation capacity is observed among
both human embryonic stem cells (hESC) and hiPSC lines which
can have important consequences for the progress of research.

To address these issues, we developed a novel combination of
methods to make informed choices on which hiPSC clones to select
for studies on genetic cardiac disease, based on lentiviral vector
insert number and location, and cardiac differentiation potential,
all of which were determined within 3 weeks after initial picking of
putative clones. As an alternative to Southern blotting, we used the
splinkerette PCR technique in combination with sequencing to de-
termine insert number and location of integrated reprogramming
genes. Several lentivirally reprogrammed hiPSC clones (0.1-5 MOI)
were tested and the outcomes were consistent with Southern blot
results. The cardiac differentiation potential was determined using
a new, fully defined monolayer differentiation protocol designed
for use with early hiPSC colonies grown in mTeSR. This monolayer
differentiation method resulted in beating cardiomyocytes within
12 days. No optimization was required when tested on numerous
clones of 8 independent hiPSC and hESC lines. Cardiac differentia-
tion efficiencies within clones ranged from 3 to 50%, as determined
by intracellular FACS staining. This allowed cardiac potential to be
determined on individual clones along with insert number and
location information without the need to passage or scale up cul-
ture. In summary, we describe a fast and efficient method requiring
minimal amounts of starting material for the identification of high
quality hiPSC clones, based on number and location of integrated
reprogramming genes and cardiac differentiation potential.

Poster Board Number: T-2018

DIFFERENTIATION OF CARDIOMYOCYTE
PHENOTYPE FROM HUMAN DENTAL PULP STEM
CELLS

Kozhuharova, Ana’, Yaegaki, Ken?, Ishkitiev, Nikolay? Imai, Toshio'
'Dental Pulp Life, Nippon Dental University, Tokyo, Japan, ?Oral Health, Nippon
Dental University, Tokyo, Japan

In recent years much effort is spent in attempts to cure cardiac
diseases or improve such patients’ condition. A new branch of
medicine, called regenerative medicine, focuses on embryonic or
adult stem cells to repair damaged cardiac vascular tissue. However,
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embryonic stem cell research still involves ethical issue and the usu-
al source for adult stem cells, bone marrow stem cells are generally
difficult to isolate and expand in culture. As a possible alternative
to using bone marrow stem cells, we investigated the use of dental
pulp stem cells (DPSC) extracted from human permanent teeth.
Tooth surface were cut around the cementoenamel junction and
then cracked open to reveal the pulp chamber. The pulp tissue was
separated from the crown and root and then digested in 3mg/ml
collagenase type |. DPSC were seeded in flasks, magnetically sepa-
rated and only CD117 positive cells were used in the recent study.
Cells were grown as monolayer in DMEM (Dulbecco’s Modified
Eagle Medium) supplemented with 10% FBS (fetal bovine serum) at
37°Cand 5% CO2. Every four passages the CD117 positive fraction
was separated magnetically. In order to differentiate DPSC into cells
with characteristics of cardiomyocytes, we treated DPSC with the
demethylating agent 5-azacytidine and two differentiation growth
media - HM1 and HM1 (HM1: DMEM, 2%FBS, 20nM dexametha-
sone, 100uM L-ascorbic acid, 10ng/ml LIF (leukemia inhibitory fac-
tor); HM2: DMEM, 2%FBS, 20nM dexamethasone, 100uM L-ascorbic
acid, 25ng/ml BMP-2 (bone morphogenetic protein 2), 50ng/ml
bFGF (basic fibroblast growth factor), 2ng/ml IGF-I (insulin-like
growth factor 1)). Flow cytometry test showed that concentra-
tions up to T0uM 5-azacytidine cannot induce significant levels

of apoptisis in DPSC. Therefore, part of the DPSC were exposed to
5uM 5-azacytidine for 24 hours one day after seeding, prior chang-
ing the media with HM1. After that all cells were grown in HM1 for
three weeks followed by HM2 for another one to three weeks. After
four to six weeks, cells changed their morphology and showed sev-
eral characteristics typical for cardiomyocytes. Immunocytochemi-
cal tests were positive for GATA-4 (GATA binding protein 4), Nkx-2.5
(Nk2 transcription factor related locus 5), DES (desmin) and cTnT
(cardiac Troponin T). Analysis with real time RT-PCR showed signifi-
cant increase in the expression of BMP-2, BMP-4 (bone morpho-
genetic proteins 2 and 4), BMPR1A (bone morphogenetic protein
receptor type 1A), MEF2C (myocyte enhancer factor 2C), MYH7B
(myosin heavy chain 7B), as well as SMAD1 and SMAD5 (SMAD fam-
ily members 1 and 5). All those transcription factors are associated
with mature cardiomyocytes. Analysis of specific markers at the
protein and mRNA levels demonstrated that cardiomyogenesis can
be induced in dental pulp stem cells in certain growth conditions.
Our novel approach of using teeth makes it possible to produce
enough number of the cells for future transplantation studies. We
are confident in its value for patients with cardiac problems.

Poster Board Number: T-2019

DEFINING CELL LINEAGE RELATIONSHIPS DURING
HUMAN CARDIOGENESIS

Elliott, David', Costa, Magdaline', Koutsis, Katerina', Ng, Elizabeth’,
Lagerqvist, Ebba’, Haynes, John? Pouton, Colin? Braam, Stefan?,
Davis, Richard?, Passier, Robert}, Mummery, Christine?, Elefanty,
Andrew’, Stanley, Ed'

'MISCL, Monash University, Clayton, Australia, ?MIPS, Monash University,
Clayton, Australia, >Anatomy and Embryology, Leiden University Medical
Centre, Leiden, Netherlands

NKX2-5 is expressed in the heart throughout life. We targeted
sequences encoding green fluorescent protein (GFP) to the NKX2-5
locus of human embryonic stem cells (hESCs). NKX2-5%F" hESCs
facilitate quantification of cardiac differentiation and purification
of hESC-derived committed cardiac progenitor cells (hESC-CPCs)
and cardiomyocytes (hESC-CMs). Gene expression studies demon-
strated that NKX2-5" hESC-CPCs and CMs constitute developmen-
tally distinct populations. Furthermore, clonal analysis showed that
NKX2-5+ CPCs are capable of giving rise to the three major lineages
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in the heart, namely cardiomyocytes, smooth muscle and endothe-
lium. GFP* CMs display an foetal-like action potentials, correlating
with the gene expression profile. We have used NKX2-5* cells to
identify VCAM1 and SIRPA as novel cell surface markers expressed
on cardiac lineages. Flow cytometric temporal profiling of these
three markers suggests a progression from a multipotent SIRPA*
population to a myogenically committed NKX2-5+*SIRPA*VCAM*
population. Triple positive cells are contractile and express markers
of CMs, whereas NKX2-5*SIRPA* cells also express endothelial and
smooth muscle markers. In addition, cultured NKX2-5*SIRPA* cells
give rise to NKX2-5*SIRPA*"VCAM1* CMs. Furthermore, we have
identified an NKX2-5*CD34* cell population, which, when cultured,
gives rise to endothelial cells. Therefore, these markers represent
tools to investigate the molecular control of lineage specification
during human cardiogenesis. NKX2-5 is likely to play a key role in
the differentiation of hESC derived cardiac cells. In order to examine
NKX2-5 function we generated hESCs in which both NKX2-5 alleles
have been disrupted. Future studies will utilise our NKX2-5 allelic
series to focus on the role of NKX2-5 in regulating cell lineage speci-
fication and differentiation in human heart development.

Poster Board Number: T-2020

HUMAN INDUCED PLURIPOTENT STEM CELL
-BASED MODEL FOR CATECHOLAMINERGIC
POLYMORPHICVENTRICULAR TACHYCARDIA

Kujala, Kirsi', Paavola, Jere?, Lahti, Anna’, Larsson, Kim', Pekkanen-
Mattila, Mari', Viitasalo, Matti?, Lahtinen, Annukka M.# Toivonen,
Lauri?, Kontula, Kimmo?®, Swan, Heikki®, Laine, Mika3, Silvennoinen,
Olli", Aalto-Setdla, Katriina'

'Institute of Biomedical Technology, University of Tampere, Tampere, Finland,
2Minerva Foundation Institute for Medical Research, Helsinki, Finland,
3Department of Cardiology, Helsinki University Central Hospital, University

of Helsinki, Helsinki, Finland, “Research Program’s Unit, Molecular Medicine,
University of Helsinki, Helsinki, Finland, *Department of Medicine, University of
Helsinki, Helsinki, Finland

Induced pluripotent stem cells (iPSC) can be generated by repro-
gramming differentiated cells into a pluripotent state, providing

a way to study the pathophysiology of various genetic diseases.
Catecholaminergic polymorphic ventricular tachycardia (CPVT)

is an inherited cardiac disorder characterized by stress-induced
ventricular tachycardia and risk of sudden death with a structur-
ally normal heart. Here we introduce a functional cell model for
CPVT caused by a mutation in the cardiac ryanodine receptor
(RyR2) gene. This mutation interferes with RyR2 function, leading
to diastolic leak of calcium from the sarcoplasmic reticulum (SR).
We investigated whether the electrophysiological characteristics

of this mutation can be mimicked in vitro by using iPSC-derived
human cardiomyocytes. Spontaneously beating cardiomyocytes
were differentiated from iPSC lines derived from a CPVT patient
carrying the P2328S mutation in RyR2 and from one healthy control
donor. Calcium handling and electrophysiological properties were
studied by comparing mutation-specific and control cardiomyo-
cytes by calcium imaging and patch-clamp techniques. We found
substantial defects in electrical activity and calcium signaling in
CPVT cardiomyocytes, presumably reflecting the cardiac pheno-
type observed in the patients. Catecholaminergic stress in CPVT
cardiomyocytes led to various types of abnormal calcium transients
and arrhythmias. CPVT cardiomyocytes displayed also a reduced SR
calcium content, implicating leakage of calcium from the SR. Our
cell model displayed aberrant calcium signaling consistent with
well-known CPVT characteristics as well as abnormal electrophysi-
ological properties that have not been reported before. Thus, this
cell model for CPVT provides a promising platform to study basic
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pathology, to screen drugs safely, and to optimize drug therapy in a
patient-specific manner.

Poster Board Number: T-2021

DIRECT CONVERSION OF HUMAN DERMAL
FIBROBLASTS INTO CARDIOMYOCYTES USING
RECOMBINANT TRANSDUCIBLE PROTEINS

Ghazizadeh, Zaniar', Rassouli, Hassan? Fonoudi, Hananeh’,
Hosseini Salekdeh, Ghasem? Aghdami, Nasser"

'Department of Stem Cells and Developmental Biology, Royan Institute for

Stem Cell Biology and Technology, ACECR, Tehran, Iran, Islamic Republic of,
2Department of Molecular Systems Biology, Royan Institute for Stem Cell Biology
and Technology, ACECR, Tehran, Iran, Islamic Republic of

Although the transformation of differentiated cells to induced
pluripotent stem cells (iPSCs), is a powerful approach, it has several
limitations, including the low efficiency of the process and the
necessity of forced expression of at least one pluripotent stem cell
transcription factor. These methods involve the genomic integra-
tion of the transcription factor(s)' genes and thus harbor the risk

of mutagenesis and tumorogenicity. A recent report showed the
successful and efficient generation of cardiomyocytes from murine
embryonic fibroblasts by brief reactivation of reprogramming
factors. This allows fibroblasts to enter an unstable intermediate
“partial reprogramming” phase, after which the cells were directed
toward cardiomyocytes. Although this protocol offers fast conver-
sion of fibroblasts to cardiomyocytes, there are still many risks
associated with genomic integration of transcription factors’' genes.
In addition, the direct conversion is only carried out on murine
fibroblasts and the protocol's effectiveness on human dermal fibro-
blasts is not evaluated yet. In the present study we treated human
dermal fibroblasts (HDFs) with a combination of 6 proteins (includ-
ing Oct4, KIf4, Sox2, and c-Myc) conjugated with HIV TAT for 12 days
in order to enter HDFs into a partially reprogrammed state. During
the first 8 days, cells were treated with reprogramming media con-
taining protein mixture and 15% FBS and 5% knockout serum re-
placement (KO-SR), followed by a switch to 1% FBS and 14% KO-SR
for 4 days. After this period, cells were treated with BMP4 (20 ng/ml)
in a serum-free medium for additional 4 days followed by 3 days of
Chir99021 (a GSK3 inhibitor) treatment. After this period cells were
collected for real-time PCR analysis. Cells treated with recombinant
proteins showed significantly higher expression of early-stage and
late-stage cardiac markers such as GATA-4, Mef2C, NKX2.5, alpha
Myosin Heavy Chain (a-MHC), Cardiac Troponin T (cTnT) and alpha
cardiac actin, in comparison to HDFs that were only exposed to
BMP4 growth factor. Results were confirmed with immunocyto-
chemistry for GATA-4, NKX2.5, cTnT and a-MHC. CONCLUSION. We
have successfully generated cardiomyocytes from Human Dermal
fibroblasts using recombinant cell-penetrating reprogramming
proteins. This technique offers safe and fast generation of cardio-
myocytes for future applications in regenerative medicine as well
as drug screening. Furthermore this novel tool might be a potential
method for in vivo conversion of ischemia-triggered aggregation of
fibroblasts into cardiomyocytes in infarcted heart.

Poster Board Number: T-2022

ENDOTHELIAL CELLS PROMOTE CARDIAC STEM
CELL THERAPY USING MOUSE EMBRYONIC STEM
CELL-DERIVED CARDIOMYOCYTES

Hsieh, Patrick C.', Lee, Desy S.!, Wei, Erika |.2

'Clinical Medicine, Natl Cheng Kung Univ, Tainan City, Taiwan, *Biomedical
Sciences, Academia Sinica, Taipei City, Taiwan

To avoid undesired cell types when isolating embryonic stem cell
(ESC)-derived cardiomyocytes (ESC-CMs), we used mouse ESCs
stably transfected with a cardio-specific alpha-myosin heavy chain-
driven enhanced green fluorescence protein (EGFP) reporter. We
further found that coculture with endothelial cells enhanced the
maturation indexes of ESC-CMs, including cell size, axis alignment,
sarcomere organization, contraction rate and the expression of the
gap junction protein connexin-43, through direct cell-to-cell con-
tact. Here we examined whether co-transplantation of ES-CMs with
endothelial cells had therapeutic effects using a mouse model of
myocardial infarction. We found that cotransplantation with endo-
thelial cells, but not fibroblasts, improved ESC-CM cell engraftment
following injection. Moreover, cotransplantation with endothelial
cells significantly increased ESC-CM maturation, as indicated by
increases in both cell alignment and size. We then used echocar-
diography to determine the left ventricular ejection fraction and
the end-systolic and end-diastolic volumes of mice which under-
went experimental myocardial infarction followed with injection

of saline, peptide nanofibers (NFs, as a cell carrier), ESC-CMs alone
or along with endothelial cells or fibroblasts. At day 21, in infarcted
hearts receiving NFs containing ESC-CMs plus endothelial cells
improved ejection fraction (P < 0.05), decreased left ventricular
end-systolic and end-diastolic volumes (P < 0.05) and reduced the
infarct size of hearts (P < 0.05). Together, these results suggest that
co-transplantation of endothelial cells with ESC-CMs promotes the
maturation of ESC-CMs in vivo and improves cardiac cell therapy af-
ter myocardial infarction. Hence, the co-transplantation of ESC-CMs
with endothelial cells may pave the way for future success in using
stem cell therapy for cardiac regeneration.

Poster Board Number: T-2023

ABLATION OF THE HCN4 ION CHANNEL

IN DIFFERENTIATING HUMAN INDUCED
PLURIPOTENT STEM CELL-DERIVED
CARDIOMYOCYTES VIA ZINC FINGER NUCLEASE
MUTATION

Grove, Wesley D., Dunn, David A, Lipke, Elizabeth A.
Chemical Engineering, Auburn University, Auburn, AL, USA

Cardiovascular disease remains a leading cause of death worldwide
each year. Stem cell-derived cardiomyocytes hold great promise

in tissue engineering for cardiac regeneration. However, current
protocols for the differentiation of pluripotent stem cells toward
cardiomyocyte lineages result in heterogeneous populations of
cardiac cell types, in which spontaneous contraction is observed.
Even among cardiomyocytes, atrial, ventricular, and pacemaker
phenotypes are presents. Spontaneously depolarizing stem-cell de-
rived cardiomyocytes (SC-CMs) initiate contraction of surrounding
cardiomyocytes. Control over electrical activity of differentiating
SC-CMs, either by blocking spontaneous activity or by providing
exogenous electrical stimulation, has been shown to reduce het-
erogeneity of resulting cell populations. Additionally, spontaneous
pacemaker activity represents a potential risk for causing deadly ar-
rhythmias if SC-CMs are to be used clinically. The hyperpolarization-
activated cyclic nucleotide-gated 4 (HCN4) ion channel is known to
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be partially responsible for initiating contraction in cardiac nodal
tissue. This pacemaking activity, if present in ventricular tissues,
might lead to undesired arrhythmias. We hypothesize that ablating
the HCN4 gene in human induced pluripotent SC-CMs (hiPSC-CM:s)
will result in production of homogenous ventricular-type cell popu-
lations lacking spontaneous contractility. To accomplish this, zinc
finger nucleases (ZFNs) represent a powerful and clinically-relevant
technology capable of specifically targeting and abolishing gene
expression. In this project four plasmid vectors (two dimeric pairs)
harboring ZFNs, designed specifically for targeting exon one of the
HCN4 gene, were constructed using recombinant DNA techniques.
Each ZFN was electroporated into (IMR90)-1 hiPSCs. Colonies were
screened for biallelic mutation of HCN4, lack of HCN4 protein
expression, and propensity to differentiate into cardiomyocytes.
We postulate that HCN4-/- cardiomyocytes will display a ventricular
gene expression profile and electrophysiological phenotype, result-
ing in cell populations better suited for use in drug testing and in
tissue engineering clinical applications for studying and treating
several diverse forms of heart disease.

Poster Board Number: T-2024

ISOLATION AND CHARACTERIZATION OF MOUSE
CARDIAC STEM CELLS AS GREEN FLUORESCENT
PROTEIN-RETAINING CELLS

Kusumoto, Kenji, Ban-Sanzen, Noriko, Tsutsui, Ko, Nakano, Itsuko,
Sekiguchi, Kiyotoshi

Institute for Protein Research, Osaka University, Suita, Japan

The heart contains a reservoir of stem and progenitor cells. Cardiac
stem/progenitor cells have been characterized by the expression
of cell surface markers such as Sca-1 and c-Kit or transcriptional
activation of genes such as Isl-1 and Wt1. Alternatively, cardiac
stem/progenitor cells can be defined as side population (SP) cells,
which are characterized by their unique ability to efflux a DNA-
binding dye, e.g. Hoechst 33342. Despite these marker proteins
and genes as well as functional definition, the origin and identity
of cardiac stem cells remain only poorly understood. In this study,
we aimed to identify and characterize cardiac stem/progenitor
cells as “label-retaining cells (LRCs)". Tissue stem cells prolifer-

ate infrequently and therefore the labels (typically BrdU), once
incorporated into their DNA or nucleosomes, are retained for an
extended period, while the labels incorporated into transit amplify-
ing cells become quickly diluted as the cells continue to proliferate.
Given the difficulty to isolate BrdU-retaining cells without losing
their viability, we employed GFP to fluorescently label slow-cycling
cells by expressing histone H2B fused-GFP under the control of a
tetracycline-responsive regulatory element (TRE). The TRE-H2BGFP
transgenic mice (kindly provided by Dr. Elaine Fuchs) were crossed
with the mice expressing reverse tetracycline transactivator driven
by the ROSA26 promoter, yielding double transgenic mice that
express GFP in a wide variety of cell types only when the mice

are given doxycycline. The double transgenic mice were given
doxycycline through mother’s drinking water for two weeks from
E10.5 through P7 and chased for up to 12 weeks. GFP-labeled cells
were detected ubiquitously in the heart just after the administra-
tion of doxycycline; however, the labeled cells were markedly
decreased in number after six weeks of chase and were predomi-
nantly localized in the epicardium and near coronary vessels. To
characterize the GFP-LRCs, the cells expressing GFP after six weeks
of chase were sorted from whole cell suspension of the heart using
a fluorescence-activated cell sorter. Cells expressing a high level

of GFP comprised ~0.5% of whole dissociated cells. Quantitative
RT-PCR analyses revealed that the GFP-retaining cells expressed
high levels of epicardium-associated markers, i.e., podoplanin,
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Tbx18 and Wt1, indicating that a majority of GFP-retaining cells are
derived from the epicardium. GFP-retaining cells also expressed a
panel of cardiac stem/progenitor markers including Sca-1, c-Kit and
GATA4, the expression levels of which were equal to or higher than
those of SP cells isolated from the adult heart. These results, taken
together, indicate that the GFP-retaining cells we isolated represent
a major population of cardiac stem/progenitor cells residing in the
epicardium and are therefore a promising source for functional
characterization of cardiac stem/progenitor cells in myocardial
development and regeneration.

Poster Board Number: T-2025

TOWARDS THE LABEL-FREE PURIFICATION OF
STEM CELL-DERIVED CARDIOMYOCYTES USING
SECOND HARMONIC GENERATION

Awasthi, Samir', Matthews, Dennis L., Li, Ronald A3,
Chiamvimonvat, Nipavan®, Lieu, Deborah K, Chan, James W.?
'Biomedical Engineering, UC Davis, Davis, CA, USA, °NSF Center for Biophotonics
Science & Technology, UC Davis, Sacramento, CA, USA, *Cardiology, Mount Sinai
School of Medicine, New York, NY, USA, *Internal Medicine, UC Davis, Davis, CA,
USA, *Pathology and Laboratory Medlicine, UC Davis, Sacramento, CA, USA

In the translation of regenerative cardiology from bench to bedside,
the development of a label-free, sensitive method for analyzing,
counting and sorting viable human pluripotent stem cell-derived
cardiomyocytes (PSC-CMs) of varied maturity is an important step
yet to be taken. In order to use PSC-CM:s for transplantation-based
regenerative therapies or for engineering cardiac tissue for in vivo
use, one must be able to control the phenotype, number and purity
of CMs used so that reproducible and clinically acceptable tissue
properties are achieved. We have taken the first steps towards real-
izing a label-free PSC-CM sorting methodology by utilizing second
harmonic generation (SHG), a nonlinear optical phenomenon that
occurs in the rod domains of sarcomeric myosin. PSC-CMs have a
strong capacity to generate the SH signal, while undifferentiated
stem cells do not. SHG intensity, when integrated over entire cell
volumes, is strongly dependent on the development of sarcomere
architecture in PSC-CMs. The effect was observed in PSC-CMs

from the same differentiation day that were re-plated for varying
lengths of time, as well as in suspension PSC-CM:s fixed at differ-
ent differentiation time points. Additionally, a PSC-CM'’s capacity
for SHG is retained even after single cells have been retained in
suspension for two hours. The potential specificity of using SHG to
identify PSC-CMs is demonstrated to be > 97%. Furthermore, it is
shown that other cells that arise in a typical cardiac-directed stem
cell differentiation protocol, including smooth muscle cells, do not
generate SH signals. Based on our observations thus far, we have
started to develop a flow cytometer based on SHG by integrating
an appropriate optical scheme with microfluidic devices in order to
obtain enriched, pure populations of PSC-CMs in a label-free, non-
genetic manner.

Poster Board Number: T-2026

A NOVEL CARDIAC EX VIVO CULTURE SYSTEM
REVEALED THE ELONGATION OF CELL CYCLE
PHASES IN CARDIOMYOCYTES DURING
DEVELOPMENT

Hashimoto, Hisayuki', Yuasa, Shinsuke', Tabata, Hidenori?,
Nakajima, Kazunori?, Fukuda, Keiichi'

'Department of Cardiology, Keio University School of Medicine, Tokyo, Japan,
2Department of Anatomy, Keio University School of Medicine, Tokyo, Japan

Background: Although cardiomyocyte cell cycle regulatory mecha-
nisms in molecular medicine have been studied, little is known
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about the spatial and temporal patterns of cardiomyocyte cell cycle
progression in development. One major reason is that prior meth-
ods in cell cycle analysis mostly need sample fixation. By interlock-
ing fluorescent probes with antiphase oscillating proteins that mark
cell-cycle transitions, novel technique “Fucci” (fluorescent ubiquiti-
nation-based cell cycle indicator) effectively labeled individual G1
phase nuclei red, S/G2/M phase green and G1 /S transition phase
yellow in living cells. Therefore Fucci is an useful tool to evaluate
native cardiomyocyte cell-cycle, but to our knowledge, there are no
standard protocols of live imaging in ex vivo heart model. The pur-
pose of our study was to establish an cardiac ex vivo culture system
in order to investigate the native cell-cycle dynamics in cardiomyo-
cytes by applying Fucci. Methods and Results: We first confirmed
that Fucci probes effectively highlight the cell cycle in cardiomyo-
cytes. Cardiomyocytes in Fucci-expressing embryos at E18.5 (E0 =
the day of plug) were immunostained for PCNA and PHH3, which
are known as classical markers of S and M phase respectively. Both
PCNA and phosphohistoneH3 positive cardiomyoctes were also
Fucci green positive. On the other hand, Fucci red positive cardio-
myocytes did not show signals of PCNA or phosphohistoneH3.
Compared with classical methods, these results support that Fucci
probes effectively highlight the cell cycle phases in cardiomyocytes.
Next, we examined cardiomyocytes of Fucci-expressing transgenic
mice during development. Fucci probes indicated that the S/G2/M
phase cardiomyocyte population decrease during development
(19.0% + 5.3% at E11.5, 2.5% + 1.0% at post natal day1). We also
report that the compact layer has a higher population of 5/G2/M
phase cardiomyocytes than the trabecular layer in early develop-
ment (E11.5 compact layer; 56.1% + 9.9%, trabecular layer; 20.5%
+ 3.3%). These consistent findings also strongly support Fucci as a
novel method to analyze cardiomyocyte cell cycle. For establishing
an ex vivo culture system, embryos and neonates were anesthe-
tized by hypothermia, and the heart was transferred to liquefied
low melting agarose gel immediately. On an ice bedded condition,
cardiac slices (200um-300um) were made horizontally, and cell
cycle transition was examined by 5-ethynyl-20-deoxyuridine (EdU)
staining for 24 hours. The numbers of Edu positive cardiomyocytes
showed that our method successfully replicated the in vivo cell
cycle transition in our ex vivo culture system (ex vivo 27.4% =+ 5.4%,
in vivo 29.1% + 8.9%). Finally we analyzed cardiomyocyte cell cycle
dynamics applying the ex vivo culture method to Fucci-expressing
transgenic mice. Live imaging visualized the cell cycle progression
of cardiomyocytes and we assessed the length of S/G2/M phase

in cardiomyocytes. Interestingly, S/G2/M phase length in cardio-
myoctyes elongated during development (E14.5; 11.4h + 1.3 h,
post natal day 1; 14.8 h £1.5h). Thus, we succeeded in establishing
an cardiac ex vivo culture system and by applying new technique
Fucci, we elucidated the native cell-cycle dynamics in cardiomyo-
cytes. The elongation of S/G2/M phase in cardiomyocytes could be
a sign of maturation during development, and further analysis will
lead us to a new approach for investigation of cardiac stem cells.

Poster Board Number: T-2027

NOVEL CHEMICALS POTENTLY INDUCING
CARDIOMYOCYTES FROM VARIOUS PROGENITOR
POPULATIONS

Fukushima, Hiroyuki, Yamashita, Jun

Department of Cell Growth and Differentiation, Center for iPS Cell Research and
Application, Kyoto University, kyoto, Japan

Embryonic stem cells (ESCs) and induced pluripotent stem cells
(iPSCs) are promising cell sources for cardiac regenerative medicine.
Previously, we established a 2-dimentional culture-based sequen-
tial cardiovascular differentiation system from mouse ESC/iPSCs.

This method is amenable to assess differentiation efficiencies at
each differentiation stage (undifferentiated ESC/iPSCs, mesoderms,
cardiac progenitors, cardiomyocytes). Recently, chemical biological
approaches are starting to have an increasingly important role in
stem cell biology and regenerative medicine. Some small mol-
ecules can efficiently regulate cell fate or modulate cell reprogram-
ming. We reported that an immunosuppressant, cyclosporin-A,
showed a novel potent cardiogenic effect specifically acting on Flk-
1 positive mesoderm cells to increase cardiomyocytes by 10 times.
We recently established a high-throughput screening (HTS) based
on our ESC cardiovascular differentiation system and chemical
approach. Using this HTS of co-culturing mouse ES cells that carry
a-myosin heavy chain promoter-driven EGFP gene with OP9 mouse
bone marrow-derived stroma cells, we can accurately and effi-
ciently identify chemicals promoting cardiomyocyte differentiation
from Flk-1 positive mesoderm. Here we report that we successfully
discovered several cardiomyocyte differentiation chemicals (CDCs)
from chemical libraries. In a natural chemical library derived from
marine invertebrates, we identified a couple of natural chemicals
(nCDQ). Particularly, nCDC1 showed potent cardiomyocyte induc-
tion at nanogram/milliliter (ng/ml) level. This active concentration
(2 ng/ml) was 1000 times lower than cyclosporin-A. And nCDC1
increased cardiomyocyte percentage and cell number that ap-
peared from Flk-1 positive mesoderm cells approximately 20 times
more than control. Next, we examined direct effect of nCDC1 on
Flk-1 positive mesodermal cells and ES cell-derived cardiac progeni-
tor cells, FIk1*/CXCR4*/VEcadherin— (FCV) cells. nCDC1 potently
induced cardiomyocytes from Flk-1* cells and FCV cells even in

the absence with OP9 stromal cells. We further examined effects

of nCDC1 on a somatic cardiac progenitor population, cardiac

side population (CSP) cells. nCDC1 induced differentiation of rat
neonate CSP cells into cariomyocytes. These results showed nCDC1
induced cardiomyogenesis from mesodermal cells, cardiac progeni-
tor cells derived from both ES/iPS cells and cardiac tissue. These
findings would provide a clue for cardiomyocyte differentiation
mechanisms and offer novel cardiac regenerative strategies.

Poster Board Number: T-2028

GENERATION OF CARDIOMYOCYTE-LIKE CELLS
FROM NONMYOCYTES BY DEFINED FACTORS IN
VITRO AND VIVO

leda, Masaki’, Inagawa, Kohei', Wada, Rie', Muraoka, Naoto',
Miyamoto, Kazuto', Yamakawa, Hiroyuki', Sadahiro, Taketaro', Umei,
Tomohiko', Fukuda, Keiichi?

'Department of Clinical and Molecular Cardiovascular Research, Keio University
School of Medicine, Tokyo, Japan, *Cardiology, Keio University School of
Medicine, Tokyo, Japan

Cardiomyocytes are terminally differentiated cells and adult hearts
have very limited regenerative capacity. Regenerative medicine
using iPS cell-derived cardiomyocytes is an attractive therapy but
still refinement is needed before clinical application. We recently
found that mouse cardiac fibroblasts can be directly converted into
cardiomyocyte-like cells by introduction of three cardiac-specific
transcription factors, Gata4, Mef2¢, and Tbx5 (GMT). We have now
investigated whether direct injection of cardiac reprogramming
factors into mouse hearts after myocardial infarction can convert
endogenous cardiac fibroblasts into cardiomyocytes. Retroviral
vectors containing cardiac reprogramming factors were used for
gene therapy after coronary artery ligation. We found that GMT
treatment induced cardiac gene upregulation and cardiac marker
expression in fibroblasts. However, the induced cardiomyocytes by
GMT did not have clear sarcomeric structures. Next, we screened
additional cardiac reprogramming factors in human fibroblasts
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and found that addition of two factors to GMT enhanced cardiac
generation and maturation. We next used 5 factors (GMT plus two
factors) for in vivo reprogramming and found that the induced car-
diomyocytes got mature and exhibited clear sarcomeric structures.
These results indicate that endogenous cardiac fibroblasts can be

a cell source for new cardiomyocytes by local delivery of defined
factors, but modification of reprogramming factors may be needed
to enhance cardiomyocyte generation.

Poster Board Number: T-2029

A CERTAIN MICRORNA SPECIES INDUCE CELL
CYCLE PROGRESSION AND MITOTIC DIVISION IN
NEONATAL AND ADULT RAT CARDIOMYOCYTES.

Goto, Kazumichi, Kawashima, Kayoko, Takagi, Hiromitsu, Hidaka,
Toshinori, Koshimizu, Uichi
ASUBIO PHARMA CO,, LTD., Kobe, Japan

Background: Mammalian cardiomyocytes withdraw from the cell
cycle during postnatal development, which significantly limits the
capacity of the adult mammalian heart to regenerate after injury.
Therefore, proliferation of cardiomyocytes is promising strategy

for treatment of heart disease, such as myocardial infarction.
MicroRNAs are a short, non-coding, single stranded RNA that are
21-25 nucleotides in length and involve in the balance of a variety
of developmental events, such as proliferation and differentia-
tion, in many types of cells. Objective: To identify microRNAs that
can induce proliferation of cardiomyocytes. Results: We screened

a library of human microRNAs in primary culture of neonatal rat
cardiomyocytes using BrdU incorporation assay. We successfully
discovered two microRNAs, miR-148a and miR-152, of which seed
sequences are identical, showed the highest induction of BrdU
incorporation. Forced expression of miR-148a/152 in cardiomyo-
cytes caused significantly higher percentage of Ki-67 positive cells
(16.943.9%, 46.5+5.2%, 48.3+8.0% in control, miR-148a and miR-
152-treated cells, respectively) and phospho-histone H3 positive
cells (3.3+0.5%, 8.1+1.0%, 8.9+1.7% in control, miR-148a and miR-
152-treated cells, respectively) at 48h after microRNA treatment,
which indicates cell cycle reentry and mitosis can be proceeded in
cardiomyocytes. Subsequently, in order to determine whether miR-
148a/152 can induce cell cycle progression in vivo, we injected the
adenoviruses harboring miR148a/152 into the left ventricle of the
adult rat hearts. miR-148a/152 showed the remarkable expression
of Ki-67 positive cardiomyocytes 4 days after infection (0.84+0.36%,
4.15+0.75%, 2.65+0.64% in control, miR-148a and miR-152-treated
hearts, respectively. Conclusion: miR-148a/152 can induce cell cycle
progression and mitosis in post-mitotic cardiomyocytes. Our results
provide new insights into the development of therapeutic strate-
gies for treatment of heart disease by induction of cardiomyocyte
proliferation.
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FETAL EPIGENETIC MODIFIERS STIMULATE
CARDIOMYOCYTE REGENERATION AND PROTECT
FIBROSIS IN MAMMALIAN/AMPHIBIAN MODELS.

Koshiba-Takeuchi, Kazuko', Nakamura, Ryo', Sasano, Tetsuo?,
Hotta, Akitsu®, Tsukahara, Yuko', Yamada, Sawaka’, Kojima, Mizuyo',
Furukawa, Tetsushi', Olson, Eric*, Sadek, Hesham?, Takeuchi, Jun K.!
'Institute of Molecular and Cellular Biosciences, the University of Tokyo, Tokyo,
Japan, ?Tokyo Medical and Dental University, Tokyo, Japan, *CiRA, Kyoto
University, Kyoto, Japan, *Genetics and Development Integrative Biology, UT
Southwestern Medical Center, Dallas, TX, USA, *Genetics and Development, UT
Southwestern Medical Center, Dallas, TX, USA

Adult fishes and amphibians have high potential for heart regen-
eration, but major mammailans’model, mice/rat lose their potential
by 7~10 days after birth. To understand this plasticity, we focused
on several epigenetic factors which have unique expression pat-
terns both in embryogenesis and in cardiac regeneration. SWI/
SNF-cardiac BAF type chromatin remodeling factors and histone
regulators were strongly up-regulated within 12 hours after resec-
tion of ventricle heart in neonatal mice and axolotl, and keep these
expression for one week during regeneration. Whereas in adult
rodents, no-expression of BAFs is disrupted within postnatal 10
days, indicating that they act as early response factors during heart
regeneration and the most important key factors for regeneration
in amphibian as well as in neonatal mice. Stable expression of BAFs
in adult heart (BAF-TG) prevented fibrosis in myocardial infarction
(MI) experiments and led to regenerate their lost parts of heart by
new cardiomyocytes, keeping heart function healthy. Suprisingly, in
vivo ChIP and ChlIP-seq analyses showed that the major cardiac con-
tracted genes’ promoters of cTnnt2, Myl7, Nppa, were still opened
in BAF-TG adult mice and sevaral fetal cardiac gene were activated
in the presence of SWI/SNF-BAFs. In addition, we screened out
repressors for SWI/SNF-BAF, suggesting that these factors controls
cardiomyocyte maturation and reduction of regenerative plas-
titcity. These data suggest that combination of active/repressive
chromatin modifiyers are necessary to stimulate/lose the plasticity
of regenerative response and keep early cardiac gene programs in
mammal/amphibian heart regeneration.

Poster Board Number: T-2031

FUNCTIONAL CHARACTERIZATION OF STEM
CELL-DERIVED CARDIOMYOCYTES USING AN
AUTOMATED PATCH CLAMP SYSTEM

Yang, Iris, Chen, Yen-Wen, Costantin, James, Jiang, Xin
Molecular Devices, LLC, Sunnyvale, CA, USA

The development of automated electrophysiology instruments

in the past decade has revolutionized ion channel drug discovery
and safety pharmacology by greatly increasing the throughput

of patch clamp assays. This development enables pharmaceutical
and biotechnological companies to employ direct electrophysi-
ological determination of compound activity on ion channels, with
much larger numbers of compounds, and at earlier stages of the
drug discovery and development process. However, automated
electrophysiology assays require large quantity of highly homoge-
neous cells, which often limits the application of current systems to
recording from recombinant cell lines stably transfected with ion
channel of interest, rather than primary cell preparations that are
more physiologically relevant. As a step forward, recent advances
in stem cell research have shown great promise in providing stem
cell-derived human cells, of all types and in sufficient quantity, for
preclinical studies. In this study we attempt to address the growing



WWW.isscr.

Thursday Poster Book

Detailed Program and Abstracts — Thursday, June 14

interest to combine the stem cell technology and high-throughput
automated electrophysiology for ion channel drug development
and safety assessment. Specifically, we analyzed the electrophysi-
ological properties of stem-cell derived cardiomyocytes using an
automated patch clamp system, in both voltage clamp and current
clamp mode. The ability to record action potentials and to also
study multiple native ion channel targets from the same cell has
significantly increased the sophistication of experimentation. The
electrophysiological data is also comparable to that obtained using
conventional patch clamp recordings. In conclusion, the combina-
tion of stem cell derived- cardiomyocytes with an automated patch
clamp system offers a powerful assay platform not only for faster
assessment of compound efficacy but also for safety profiling of
lead compounds in a more biologically relevant system.

Poster Board Number: T-2032

ES AND IPS CELL DERIVED CARDIOMYOCYTES

IN CARDIOVASCULAR DRUG DISCOVERY,SAFETY
PHARMACOLOGY AND AS DIESEASE MODELS IN
CARDIAC DRUG DEVELOPMENT

Meyer, Thomas
Multi Channel Systems MCS GmbH, Reutlingen, Germany

Drug induced arrhythmia of the torsade des pointes types has been
the reason for the denial of approval of novel drug candidates. The
aim of cardiac safety pharmacology is to detect undesirable phar-
macodynamic drug effects within and above the therapeutic range.
A special focus is on the identification of potential arrhythmogenic
effects within the drug discovery chain. Areas covered: Here, the
authors discuss the relevance of induced pluripotent stem (iPS)

cell derived cardiomyocytes for safety pharmacology. The technol-
ogy of obtaining functional cardiomyocytes from somatic cells of
healthy donors and patients with inherited diseases is the basis for
diverse disease models in multi-level safety pharmacology screen-
ing. Here we compare the properties of iPS cell derived cardio-
myocytes, ES cell derived cardiomyocytes with a non mammalian
primary cardiomyocyte based assay and heterologous expression
systems. We compare results from cardiac tissue recordings and
Langendorff hearts with our datasets obtained from a variety of
stem cell derived cardiomyocytes for a panel of reference com-
pounds. The data presented do not just focus on prolongation of
the ventricular action potential or the QT interval in the ECG, but
also include an analysis of pro-arrhythmic events.

Poster Board Number: T-2033

NOTCH1 REGULATES CARDIOVASCULAR
PROGENITOR DIFFERENTIATION

Andersen, peter, Kwon, Chulan
Division of Cardiology, Johns Hopkins University, Baltimore, MD, USA

Cellular decision making of self-renewal or differentiation arises
from integration of intrinsic and extrinsic signals. Notch is an
evolutionarily conserved transmembrane protein with critical roles
in numerous cell-fate decisions. The Notch pathway is prominent
among those known to regulate stem and progenitor development
in multicellular organisms from flies to vertebrates. We recently
showed in mice that conditional knockout of Notch1 in cardiovas-
cular progenitor cells (CPCs) leads to a marked expansion of CPCs,
but causes early embryonic lethality due to cardiac morphogenetic
defects, making it difficult to address the fate and cell-autonomous
role of Notch1.To overcome this problem, we have derived embry-
onic stem (ES) cells from Notch1-conditional mutant embryos with
fluorescent markers. We have used these ES cells to study CPC-au-

tonomous role of Notch1 in cardiac differentiation and discovered
a critical role of Notch signaling for the lineage-specific differentia-
tion of CPCs.

Poster Board Number: T-2034

DE-DIFFERENTIATED FAT AS A CELL SOURCE FOR
CARDIOVASCULARTISSUE ENGINEERING

Hagvall, Sepideh H.', Jumabay, Medet? Jordan, Maria C.3, Roos,
Kenneth P3, Bostrom, Kristina2, Shemin, Richard J.!

'Department of Surgery, Division of Cardiothoracic Surgery, UCLA, David Geffen
Sch of Medicine, Los Angeles, CA, USA, 2Department of Medlicine, Division

of Cardiology, UCLA, David Geffen Sch of Medicine, Los Angeles, CA, USA,
3Department of Physiology, UCLA, David Geffen Sch of Medicine, Los Angeles,
CA, USA

The source and availability of the cells for tissue engineering (TE) is
critical. Ideally, the cells used for TE should be autologous and have
the capacity to proliferate and differentiate in vitro, in a manner
that can be reproducibly controlled. Although progress has been
made towards differentiating embryonic stem cells as well as iPS
cells to specific cell lineages, the efficiency is often poor and the
number of cells generated is not efficient for therapeutic applica-
tion. In the search for an ideal cell source for cardiac repair, we
propose to study whether pluripotent adipocyte-derived mesen-
chymal stem cells, which we refer to as de-differentiated fat (DFAT)
cells, can be a potential cell source for cardiovascular TE. Materials
and Methods: Mouse DFAT cells were isolated in large numbers
from fresh subcutaneous fat and cultured in DMEM supplemented
with 20% fetal bovine serum and 0.5% of antibiotic-antimycotic
solution as describes before. C57BL6/J mice, 25-30 grams, were
subjected to experimental myocardial infarction (Ml) and assigned
to one of the following groups: 1) DFAT cells in DMEM supple-
mented with 1% Methylcellulose, 2) DMEM supplemented with 1%
Methylcellulose (control), 3) DMEM alone (control), and 4) sham.
The left anterior descending artery (LAD) was permanently ligated
proximally with a suture. After the LAD ligation, once the heart rate
stabilized, a cocktail of 500,000 cells in 10 ul DMEM supplemented
with 1% Methylcellulose, or for controls without cells, were injected
into the border zone of the infarcted area. Successful ligation was
confirmed by decreased myocardial ejection fraction from ~70%
before and 40-50% after ligation as measured by echocardiogra-
phy. Ml was further confirmed by the presence of collagen-rich
infracted areas in Masson's trichrome-stained heart sections.
Preliminary results: It has been shown that DFAT cells develop
networks of beating cardiomyocyte (CM)-like cells after 3 weeks

in culture. These cells express cardiac-specific markers such as
Nkx-2.5, troponin C and connexin 43. Intracellular Ca2+ transients,
action potentials, and contractions are observed in these networks.
In addition, the DFAT cells have the capacity to undergo smooth
muscle (expressing SM-actin, caldesmon, calponin and SM-myosin)
and endothelial cell differentiation (expressing CD31 and CD144),
which contract in response to carbamoylcholine chloride and form
tube structures, respectively. Our preliminary results from injec-
tion of GFP-DFAT cells into the Ml area in mice show the presence
of the cells in the vascular structures and the heart muscle in the
infarct zone up to 8 weeks post MI. This suggests that DFAT cells
may support the formation of new vessels and cardiac cells in vivo.
Our preliminary data from left ventricular catheterizations indicate
an improved cardiac contractility and relaxation up to 8 weeks

post MI, as compared to controls. However, additional studies are
required to assess whether the DFAT cells had a beneficial effect on
the myocardial function. Our expectation from this study is that the
results will contribute to improve cardiac function in mouse models
of cardiac disease and ultimately in patients. Our findings, will lead
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to new strategies to propagate the desired cell population on a
large scale, essential for further development of stem cell based
therapies.

Poster Board Number: T-2035

MOUSE MESENCHYMAL STEM CELLS DERIVED
FROM INDUCED PLURIPOTENT STEM CELLS
DEMONSTRATED MYOCARDIOGENESIS
POTENTIAL

Chow, Yen Yen, Liao, Song yan, Zhang, Yue lin, Lian, Qi zhou, Tse,
Hung Fat
Medicine, The University of Hong Kong, Hong Kong, Hong Kong

Introduction : Aging adult donors-derived mesenchymal stem cells
(MSCs) are functionally impaired in cardiac regeneration. Although
MSCs derived from early embryonic stage such as embryonic stem
cells or induced pluripotent stem cells (iPSCs) have great potential
of proliferation and differentiation in previous studies, therapeutic
capacity of mouse MSCs derived from iPSCs remains elusive. This
study is therefore aimed to derive and isolate mouse MSCs from iP-
SCs for myocardiogenesis potential study in experimental myocar-
dial infarction models. Methods : Mesenchymal-like stem cells were
isolated from mouse iPSCs by removing feeder cells and leukemia
inhibitory factor (LIF). MSCs were enriched by conditioned medium
with basic fibroblast growth factor (FGF2) and epidermal growth
factor (EGF) supplements before phenotypical characterization of
MSCs by flow cytometry, utilizing phycoerythrin (PE)- conjugated
antibodies against CD34, CD44, CD73, CD90, CD133, Oct4 and
TRA-1-60. Multipotent differentiation studies of MSCs, including
adipogenesis, osteogenesis and chondrogenesis have been carried
out. Purified MSCs were further engaged to a recombinant cocktail
formulated with transforming growth factor-beta 1, bone morpho-
genetic protein-4, activin A, retinoic acid, insulin-like growth fac-
tor-1, fibroblast growth factor-2, alpha-thrombin, and interleukin-6.
Derived cardiopoietic mouse MSCs were transplanted into myocar-
dial infracted murine model. Results : The iPSC derived cells were
negative for hematopoietic markers CD34 and CD133, pluripotency
markers Oct4 and TRA-1-60, while being positive for mesenchymal
markers, CD44, CD73 and CD90. These cells were further induced
into osteocytes and chondrocytes under differentiation condi-
tioned medium. High expression of homeobox transcription factor
Nkx 2.5, ventricular myosin light chain MLC-2V, and sarcomeric
alpha-actinin were observed in cardiopoietic mouse MSCs. Conclu-
sion : Mouse iPSCs derived MSCs demonstrated myocardiogenesis
potential induced by a recombinant cocktail of growth factors. They
hold potential capacity to attenuate ischemic cardiomyopathy.

Poster Board Number: T-2036

COMPREHENSIVE SCREENING OF CELL-SELECTIVE
PEPTIDES AND ITS APPLICABILITY TO VASCULAR
IMPLANT SURFACE MODIFICATION

Kanie, Kei', Owaki, Junki?, Narita, Yuji®, Kuwabara, Fumiaki®, Satake,
Makoto*, Zhao, Yingzi?, Honda, Hiroyuki? Kato, Ryuiji'

'Graduate School of Pharmaceutical Sciences, Nagoya University, Nagoya,
Japan, °Graduate School of Engineering, Nagoya University, Nagoya, Japan,
3Nagoya University School of Medicine, Nagoya, Japan, *Teijin Limited, Tokyo,
Japan

To reduce risks in long-term impolants, especially with vascular
implants, tissue engineering technology to design effective scaf-
fold property for managing proper regeneration of surrounding
cells is important. The design strategies of the medical implant
surface had been mainly focused to provide inhibitory effect on
cell adhesion and growths. However, since such inhibitory effect on
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cells is against the regeneration process, those implants designed
with inhibitory function have not yet achieved to eliminate risks of
side-effects. To breakthrough such limitations of medical implant
surface design, our natural regenerative mechanism has a great
potential to be investigated. Etracellular matrix (ECM) is one of the
most effective biomaterials to enhance the cellular regeneration.
In spite of their promising effect, ECM itself is difficult for industrial
production with stable and safe product quality. Animal-drived
pathogenic risks are one of the main considerations. To mimic

the function of ECM as a regeneration enhancing material, taken
together with the feasibility of industrial production, we have
been investigating short peptides that provide cell-selectivity as a
scaffold modification biomaterial. By combining in silico peptide
screening algorithms and high throughput peptide array-based cell
assay technique, we have reported some clusters of short peptides
that can selectively control the adhesion of different types of cells.
Compared to ligand-type peptides, our proposing cell selective
peptides modifies the implant material surface by their property.
In other words, such peptides are the candidate blocks to interpret
the properties of ECMs, and to be replaced by analogue molecules
that can be more effective to be manufactured as implant material.
We here show the effective screening strategies and results of such
cell-selective peptides, and its applicability to madical implants

by in vivo study of artificial vessel. We especially focus on conrol-
ing the selectivity of cells that critically affect the vascular implant
sustainability, such as endothelial cells, smooth muscle cells, and
mesenchymal stem cells.

Poster Board Number: T-2037

INDUCTION OF EPICARDIAL PROGENITOR CELL
PROLIFERATION AS A REGENERATIVE MEDICINE
APPROACH FOR ENDOGENOUS CARDIAC
REGENERATION AND REPAIR

Drowley, Lauren’, Goumans, Marie-Jose?, Isherwood, Beverley',
Sjoquist, Per-Ove?, Wang, Qing-Dong?

'AstraZeneca, Macclesfield, United Kingdom, ?Leiden University, Leiden,
Netherlands, *AstraZeneca, Molndal, Sweden

Post-myocardial infarction cardiac dysfunction and heart failure
remain a medical challenge as current therapies do not address
the fundamental pathology, i.e. loss of functional cardiomyocytes.
Our goal is to identify and develop a phenotypic screening assay
for small or large molecules that enhance endogenous regenera-
tive capacity, leading to efficient restoration of cardiac function
post-myocardial infarction. Epicardial progenitor cells have been
shown to play a major role in both heart development and repair
of the myocardium. They are activated, although insufficiently, in
adult hearts after injury and undergo an epithelial-to-mesenchymal
transition that is regulated by expression of Wilm's Tumor protein 1
(WT-1). Taking the population of human epicardial progenitor cells
that are WT-1(+), we assessed the basal proliferative capacity of
several different donors in a kinetic imaging assay. We then tested
a set of compounds from the literature that have been shown to
have pro-proliferative effects in stem/progenitor cell populations
such as 6-bromoindirubin-3'-oxi. This allowed us to determine the
optimal window where a proliferative increase could be seen above
basal levels. To enable screening of compounds at high throughput
we further developed an endpoint imaging assay, we stained the
cells with WT-1, Ki-67, and 5-ethynyl-2’-deoxyuridine (EdU) with
Hoescht 33342 as a nuclear counterstain. To test the robustness of
the assay, we treated the cells with an expanded set of compounds
drawn from the literature including neuregulin-1, periostin, lithium
chloride, thymosin B4, and VEGF. After assay validation, we moved
into screening with a larger number of compounds including sets
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where the mechanism of action is known, which will aid in later
deconvolution. Here we apply high-content phenotypic screening
to assess the proliferation of epicardial progenitor cells following
treatment with small molecules. This assay has the potential to be
used as the basis for proliferation screens in other progenitor cell

types.
Poster Board Number: T-2038

DYNAMIC MATRICES AND EMBRYONIC STEM
CELLS IMPROVE CARDIAC OUTCOMES: A
POTENTIAL MYOCARDIAL INFARCTION THERAPY

Young, Jennifer L., Tuler, Jeremy, Braden, Rebecca, Schup-
Magoffin, Pamela, Christman, Karen L., Engler, Adam J.
Bioengineering, University of California, San Diego, La Jolla, CA, USA

Tissue-specific elasticity arises from developmental changes that
occur in the environment over time, e.g. ~10-fold myocardial stiff-
ening from E3 to E10 in the chick embryo. Recently, we have shown
that pre-cardiac mesodermal cells plated on top of a thiolated hy-
aluronic acid (HA) hydrogel engineered to mimic this time-depen-
dent stiffening improves cardiomyocyte maturation compared to
cells on static compliant matrices. Here we examine in vitro and in
vivo cell-matrix interactions, the effect of dynamic mechanical cues
on the differentiation and development of mouse embryonic stem
cells (mESCs), and in vivo biocompatibility. Improved embryonic
cardiomyocyte and ESC distribution and viability were observed
when cells were encapsulated and bound to immobilized, thiolated
gelatin conjugated to the HA matrix. While mechanical cues alone
are insufficient to efficiently induce cardiogenesis, a combination of
growth factors (e.g. BMP4, Activin A, DKK-1) and mechanics can en-
hance maturation of mESC-derived cardiomyocytes. mESC-derived
cardiac progenitors most affected by developmentally-relevant
mechanical cues are those that naturally observe such variation in
vivo. Though not toxic to cells in culture, we assessed HA's local and
systemic biocompatibility via subcutaneous and intramyocardial
injections. Prior to assembly, HA was injected into Sprague-Dawley
rats and samples were removed over a post-injection time course
and subject to histological, immunological and mechanical analy-
sis. Histological analysis shows minimal infiltration of host cells

and capsule formation for subcutaneously injected rats, indicating
a limited local immune response. Hematological analysis shows

no significant systemic immune response was elicited in pre- vs.
post-injection animals compared to controls. Most importantly,
atomic force microscopy (AFM) analysis of samples from subcuta-
neous injections demonstrates dynamically increasing hydrogel
stiffness over time similar to that previously found in vitro. When
injected intramyocardially, host cells begin to actively degrade HA
within 1 week post-injection and lay down matrix, nearly replacing
the gel with host tissue by 1 month. These data indicate that when
ESC-derived cardiomyocytes are co-injected with HA, vasculariza-
tion is likely to occur, supplying nutrients to differentiating ESCs.
Altogether, we find that HA is a viable source for therapeutic use in
treatment of myocardial infarction, and could enhance cardiomyo-
cyte differentiation in vivo.

Cancer Cells

Poster Board Number: T-2041

FASCIN REGULATES BREAST CANCER STEM CELL
DIFFERENTIATION AND FUNCTION.

Al-Alwan, Monther, Sleiman, Ghida Majed, Olabi, Safiah,
ALKHALDI, SAMIYAH, Ghebeh, Hazem, Al-Dhafyan, Abdullah, Al
Mazrou, Amer, Manogaran, Pulicat, Adra, Chaker

King Faisal Specialist Hospital and Research Centre, Riaydh, Saudi Arabia

Despite great success in treating patients with localized tumor
disease, treatment of metastasized tumor remains restricted. This
restriction has been attributed to the fact that most chemothera-
peutic remedies target bulk of differentiated cancer cells sparing
cancer stem cells, which are believed to be responsible for tumor
relapse and metastasis. The molecular pathway that regulates the
maintenance and function of cancer stem cell pool within the
tumor remains largely unknown. We have previously demonstrated
that the expression of actin-bundling protein (fascin) in breast
cancer cells regulates various metastasis-associated genes resulting
in increased metastasis and shorter survival. Here, we used gain
and loss of function approaches to examine whether fascin play
arole in regulating cancer stem cell phenotype and function in
breast cancer cells. Fascin was knockdown in MDA-MB-231 cell and
expressed in T47-D cells, which are breast cancer cell lines positive
and negative for fascin, respectively. Results showed that fascin ex-
pression was strongly associated with increased CD44 and reduced
CD24 expressions, a phenotype consistent with more stem cell-like
breast cancer cells. Fascin regulated breast cancer cell self-renewal
capacity as indicated by decrease ALDH and Notch-1 activities
when fascin was knocked-down. Furthermore, when seeded in

low attachment culture dishes, fascin-positive cells formed more
mamospheres than the fascin-knockdown cells. Most importantly,
fascin-positive cells are more resistance to apoptosis when exposed
to chemotherapeutic agents. Altogether, our data support the
existence of small subpopulation in breast cancer cells with a stem
cell characteristic and fascin play a key role in regulating this cancer
stem cell population.

Poster Board Number: T-2042

ERBB/NF-KB SIGNALING REGULATES BREAST
CANCER STEM CELL-LIKE PROPERTIES

Hinohara, Kunihiko', Kobayashi, Seiichiro?, Kanauchi, Hajime?,
Umezawa, Kazuo*, Mori, Masaki®, Ogawa, Toshihisa®, Inoue, Jun-
ichiro’, Tojo, Arinobu?, Gotoh, Noriko'

'Division of Systems Biomedical Technology, Institute of Medical Science,
University of Tokyo, Tokyo, Japan, ?Division of Molecular Therapy, Institute

of Medical Science, University of Tokyo, Tokyo, Japan, *Department of Breast
and Endocrine Surgery, Showa General Hospital, Tokyo, Japan, “Department

of Applied Chemistry, Faculty of Science and Technology, Keio University,
Yokohama, Japan, *Department of Gastroenterological Surgery, Osaka
University, Suita, Japan, *Department of Breast and Endocrine Surgery,
Graduate School of Medicine, The University of Tokyo, Tokyo, Japan, ’Division of
Cellular and Molecular Biology, Institute of Medical Science, University of Tokyo,
Tokyo, Japan

Cancer stem cells, a small proportion of heterogeneous tumor cells,
can self-renew and simultaneously produce differentiated tumor
cells with strong proliferative activity, and therefore are responsible
for tumorigenesis. Although it is important to target cancer stem
cells for treatment of cancer patients, it has been difficult to find
appropriate target molecules because the mechanisms by which
cancer stem cells maintain their ability remain obscure. Here, we
identified a molecular mechanism that regulates breast cancer
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stem cell (BCSC)-like properties. We found that heregulin (HRG),

a ligand for ErbB3, induced mammosphere formation in breast
cancer stem cells (BCSCs) as well as in breast cancer cell lines. HRG-
induced mammosphere formation was reduced by treatment with
inhibitors for phosphatidyl inositol 3-kinase (PI3K) or NF-kB and by
expression of IkBa-Super Repressor (IkBaSR), a dominant-negative
inhibitor for NF-kB. Moreover, the overexpression of IkBaSR in
breast cancer cells inhibited tumorigenesis in NOD/SCID mice.
Furthermore, we found that the expression of IL8, a regulator of
BCSC self-renewal, was induced by HRG through the activation of
the PI3K/NF-kB pathway. These findings illustrate that HRG/ErbB3
signaling appears to maintain BCSC properties through a PI3K/NF-
KB pathway in human breast cancer.

Poster Board Number: T-2043

MIR200C THERAPY TARGETING BREAST TUMOR
STEM CELLS AS ATREATMENT FOR AGGRESSIVE
BREAST CANCER

Chang, Chun-Ju
Basic Medical Science, Purdue University, West Lafayette, IN, USA

Discovery of prominent molecular features in aggressive breast
cancer that can be used to predict patient prognosis and/or
targeted for therapy is essential. Deficiency or mutation of p53 is

a hallmark of aggressive breast cancer (e.g. triple-negative breast
cancer) which manifests high tumor grade, poor prognosis, and
cancer recurrence. Our previous study (Chang et al,, Nature Cell Biol-
ogy, 2011) reveals that tumor suppressor p53 plays a critical role in
regulating both EMT (epithelial- mesenchymal transition) and stem
cell properties through transcriptional activation of microRNA-200c
(miR-200c). Loss or mutation of p53 in human mammary epithelial
cells leads to decreased expression of miR-200c, activated EMT
program and enhanced undifferentiated stem cell population. Loss
of miR-200c expression significantly marks breast cancer samples
deficient in the functional p53, and predicts poor tumor differentia-
tion as well as poor prognosis in patients. Notably, restoration of
miR-200c suppresses gene targets that mediate EMT and stemness
properties, which promotes epithelial cell phenotype and enforces
differentiation of human and murine mammary tumor stem cells
in vitro. A nanoparticle based-miR200c delivery system that targets
p53-deficient mammary tumors in vivo is currently under test.
Together, this study provides a novel therapeutic application of
miR-200c which modulates differentiation of breast tumor stem
cells to treat aggressive breast cancer or even a broad spectrum of
cancers with p53-deficiency.

Poster Board Number: T-2044

REGULATION OF BREAST CANCER STEM CELLS BY
SPHINGOSINE-1-PHOSPHATE

Kanda, Yasunari, Hirata, Naoya, Sekino, Yuko

Division of Pharmacology, National Institute of Health Sciences, Setagaya,
Japan

Growing evidence suggests that tumors are organized in a
hierarchy of heterogeneous cell populations and are formed and
maintained from a small population of stem/stem-like cells, known
as “cancer stem cell (CSC) model”. CSCs are defined on the basis of
characteristics such as high tumorigenicity, self-renewal, and dif-
ferentiation that contribute to heterogeneity. Aldehyde dehydro-
genase (ALDH), which is a detoxifying enzyme responsible for the
oxidation of intracellular aldehydes, has been recently used as a
functional marker for identification of CSCs. ALDH-positive cell pop-
ulation from breast tissue can be used as a predictor of clinical poor
outcome in breast cancer patients. However, growth regulation of
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CSCs was not fully understood. In the present study, we searched
intracellular lipids which increase the size of ALDH-positive cell
population in breast cancer cells. We found that sphingosine-
1-phosphate (S1P) increased the size of ALDH-positive cell popula-
tion and expression levels of stem cell markers. To examine whether
the effect of STP is mediated through its receptor, we tested the
effects of S1P receptor (S1PR) antagonists on the ALDH-positive cell
population. The effect of STP was inhibited by the S1PR3 antago-
nist CAY10444, not by the S1PR2 antagonist JTE-013. Since S1PR3
receptor is coupled with Gi and Gq proteins, we examined the
subtype of G protein. Pertussis toxin, which is known to inhibit Gi
signaling, inhibited the effect of S1P. Real-time PCR revealed that
ALDH-positive cell population showed higher expression level of
S1PR3, compared with ALDH-negative cells. To further investigate
whether the effect of STP is involved in a stem cell-dependent
pathway, we examined the Notch, Wnt and Hedgehog signaling.
We found that S1P induced an expression of Notch target gene
Hes1. In contrast, S1P did not induce Wnt and Hedgehog targets.
Furthermore, DAPT, which inhibits cleavage of activated Notch
receptors by gamma-secretase and thereby prevents Notch signal-
ing, reduced the S1P-induced Hes1 expression and the increase in
ALDH-positive cell population. The Wnt inhibitor (PNU-74654) and
the Hedgehog inhibitor (Cyclopamine) did not affect the effect of
S1P.These data suggest that STP induces expansion of breast CSCs
via STPR3, Gi, and Notch-dependent pathway.

Poster Board Number: T-2045

THE HIPPO TRANSDUCER TAZ CONFERS
CANCER STEM CELL TRAITS ON BREAST
CANCER CELLS DOWNSTREAM OF EPITHELIAL-
TO-MESENCHYMAL TRANSITION AND THE
DEREGULATION OF THE CELL POLARITY
DETERMINANT SCRIBBLE

Cordenonsi, Michelangelo, Zanconato, Francesca, Azzolin, Luca,
Piccolo, Stefano
Department of Biomedical Sciences, University of Padua, Padova, Italy

Cancer Stem Cells (CSCs) are proposed to drive tumor initiation,
heterogeneity and progression. Yet, our understanding of the
cellular and molecular mechanisms that underlie CSC properties

is limited. We present evidences indicating that TAZ, a transducer
of the Hippo pathway, is a determinant of key biological traits of
breast CSCs. TAZ is required to sustain self-renewal and tumor initia-
tion capacities in cellular models of breast cancer progression. TAZ
protein levels are stabilized in prospective CSCs, and gain-of-TAZ
in non-CSCs induces them to adopt CSCs-like behaviors. We found
that gene-signatures denoting TAZ activity are associated with
molecular imprints of “stemness” in breast cancer patients’ datasets.
In agreement with the view that an increase in CSCs drives tumor
progression in breast cancer (Pece et al., 2010), the proportion of
TAZ positive cells is much more abundant in poorly-differentiated
tumors than in well differentiated ones. Consistently, raising TAZ
levels promotes the transition of experimentally induced tumors
toward a less-differentiated status. At the molecular level, TAZ
promotes self-renewal of CSC downstream of Epithelial-to-Mesen-
chymal Transition (EMT). This is caused by deregulation of the cell
polarity determinant Scribble, which forms an endogenous com-
plex with TAZ in nontransformed and tumoral mammary epithelial
cells. Remarkably, loss-of-Scribble - or induction of EMT - disrupts
the association of TAZ with the core Hippo kinases MST and LATS,
allowing TAZ to escape phosphorylation by LATS and association
to beta-TrCP ubiquitin ligase complex. This study thus links the
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CSCs concept to the Hippo pathway in breast cancer, and reveals a
mechanistic basis of the control of Hippo kinases by cell polarity.

Poster Board Number: T-2046

PHENOTYPIC CHARACTERIZATION NORMAL AND
CANCER STEM CELLS WITHIN THE DIFFERENT
SUBPOPULATIONS OF BREAST CELLS
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'Stem Cell and Tissue Re-engineering, King Faisal Specialist Hospital & Research
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Research Centre, Riyadh, Saudi Arabia

Strong evidence supports the existence of stem cells in the normal
breast. The phenotype of these cells has been characterized using
several unrelated markers. Therefore, the overlap between these
different cell populations and their relation to breast cancer cells

is not well known. To study the breast cells subpopulations we
isolated single cells from breast tissue and analyzed these cells

by multi-parametric flow cytometry. Results show that breast
mesenchymal cells had the phenotype of CD49fneg/Ep-CAMneg/
CD44high/CD24neg. The luminal epithelial cells were Ep-CAMhigh
and were distributed between differentiated MUC-1high/CD49f-
neg luminal cells and a progenitor CD49f+ luminal cells. The basal
epithelial cells were Ep-CAMIow/CD49f+ and were distributed
between differentiated CD10neg and progenitor CD10+ basal
cells. All tested stem cell markers were restricted to CD49f+ cells
although some of them did not overlap. for example, the previously
described stem cell markers ALDHhigh and CD10 were exclusively
expressed by cells in Ep-CAMhigh/CD49f+ luminal progenitor

and basal Ep-CAMIow/neg/CD49f+ cell respectively. Other stem
cell markers were distributed among the different subpopula-
tions of CD49f+ breast cells as ABCB1 and ABCG2 were mainly
Ep-CAMIow while CD133, CD184 (CXCR-4) and CD117 (c-kit) were
Ep-CAMhigh. In comparison, cancer cells were mainly Ep-CAM+,
consistent with luminal origin of breast cancer. Interestingly, the
majority of breast cancer samples (~85%) had tumor cells that were
mainly MUC-1high/CD49fneg a phenotype similar to differentiated
normal luminal cells. In addition, majority (70%) of breast cancer
samples also had a population of CD49f+ cells constituting 12-87%
of breast cancer cells. Further look into the different subpopula-
tions of cancer cells shows that while CD44high were distributed
between CD49f+ and CD49fneg cells, ALDHhigh cells were mainly
CDA49f+ . In conclusion, our data identify different subpopulations
of normal and breast cancer cells, an important contribution to the
understanding of mammary gland development and therapeutic
targeting of breast cancer cells.

Poster Board Number: T-2047

BREAST CANCER STEM CELLS: TARGETED
THERAPY FOR BREAST CANCER

Gangopadhyay, Sudeshna, Mukhopadhyay, Soma, Sengupta,
Saubhik, Ray, Ujjal K., Dasgupta, Swati, Hor, Puja, Mukhopadhyay,
Ashis

Netaji Subhas Chandra Bose Cancer Research Institute, Kolkata, India

Simple BRCA screening is insufficient for ‘event-free survival’ as
breast cancer is clinically and pathologically an extremely heteroge-
neous disease. Targeting Breast Cancer Stem Cells (BCSCs) present
in bone marrow and breast tissues is a lucrative alternative. Iden-
tification of BCSCs is salient aspect of our research. Invasive and
mesenchymal property of BCSCs with CD44+/CD24low/ALDH1+
phenotype has made them a promising target for eliminating
metastatic capacity of primary tumors. We hypothesize that ability

to therapeutically attack stem cell hinges upon identifying unique
targets like cell surface markers and this will decide development
of specific target therapies. A total of 10 early chemo-naive patients
with biopsy proven triple-negative metastatic breast cancer in the
age group of 18-36 yr.s (mean age 28 yr.s) were selected randomly
and tested for CD44/CD24 cell surface markers following immu-
nosorting using magnetic cell sorter and immunophenotyping by
flowcytometric analysis. Isolated BCSCs were cultured for in vitro
drug sensitivity towards platinum, anthracycline and docetaxel.
Correlation was drawn between cell differentiation, % of stem cells
and drug response. Accordingly chemotherapy was designed for a
particular patient. % of BCSCs in pre- and post-chemotherapeutic
condition was further compared. We have detected BCSCs in 90%
of cases. Among positive samples, 89% patients showed platinum
sensitivity and rest were found to be anthracycline sensitive. No
sensitivity to docetaxel was observed. In lieu of this, cisplatin was
applied in vivo and % of BCSCs came down to 6.58% from initial
11.16% (for a representative case). Thus primary aim to target
BCSCs at the onset of tumors in breast cancer patients to control
metastasis and relapse of disease was somewhat obtained. We fur-
ther plan to correlate ratio of selected markers present in patients
in pre- and post-chemotherapeutic condition with time to recur-
rence, mortality, morbidity and progression-free survival. Finally, if
no BCSCs prevail after chemotherapy, then patients would be kept
under observation and if traces are found, we would proceed to
stem cell replacement.

Poster Board Number: T-2048

GENERATION OF A NOVEL CANCER STEM CELL-
BASED TRANSGENIC MICE OVEREXPRESSING
OCT4B1 VARIANT AS A CANCER MODEL
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'National Institure of Genetic Engineering and Biotechnology, Tehran, Iran,
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Since the first gene transfers into mice were successfully executed
in 1980, transgenic technologies offered new approaches for life
science researches. Fitting the current biotechnology demands,
transgenic methods were dramatically used for the past two
decades as outstanding tools for in vivo target validation, drug
optimization, and pre-clinical studies. Transgenic animals can
provide investigators with valuable in vivo models to study biology
and etiology as well as novel approaches in the early detection and
targeted therapies of defined cancers without arising strict ethical
concerns and restrictions. A growing body of recent studies sup-
ports the notion that both tumor initiation and sustaining rely on
only a small subset of cells within a tumor, termed tumor-initiating
or cancer stem cells (CSCs). Few investigators believe that CSCs
reside in different organs and grow upon ideal microenvironment.
However, there is now a theory that stem cells which reside in many
adult tissues are not only responsible for the normal reparative
and regenerative processes, but are also considered to be a prime
target for genetic and epigenetic changes, culminating in abnor-
mal conditions leading to generation of CSCs. Whatever the origin
of cancer is considered, the importance of CSC research lies on the
improved understanding of cancer biology and its potential roles
to provide new approaches in cancer early detection and targeted
personalized treatment. Recent studies have revealed specific
expression of stem cell proteins in cancer cells with it. Oct4, a key
regulator and specific marker of totipotent cells in vivo and in vitro,
is critically involved in the self-renewal and pluripotency networks
of ES and EC cells. Human oct4 gene potentially encode three
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different spliced variants; OCT4A, OCT4B and OCT4B1.These have
different expression pattern. It was reported that novel alterna-
tive variant, OCT4B1, sharply down-regulated during the course
of differentiation of human ES/EC cells and suggested correlation
between OCT4B1 and pluripotent/ undifferentiated state of human
ES/EC cells. Moreover, it is determined that there is a relationship
between OCT4B1 expression and apoptosis and carcinogenesis.
Thus, generation of the transgenic mice with CSCs in their tissues
can provide researches with valuable in vivo models for studying
the breast cancer biology, etiology, early diagnosis, and targeted
therapies. To this end, we could design and produce transgenic
mice for the first time with CSCs under inducable conditions. Our
novel CSC-based cancer model may open new insights to improve
our understanding of cancer biology and development of more
efficient approaches in its early diagnosis and targeted therapies.

Poster Board Number: T-2049

NOTCH SIGNALING IS UPREGULATED IN THE
CHRONIC PHASE OF CHRONIC MYELOID
LEUKEMIA

Aljedai, Abdullah H.

Clinical Lab Sciences- Blood transfusion and hematological disorders research
group, King Saud University, Riyadh, Saudi Arabia

Notch signalling is critical for haemopoietic stem cell self-renewal
and survival.Chronic Myeloid Leukaemia (CML) is a stem cell
disease characterised by the presence of the Philadelphia (Ph)
chromosome, and subsequent expression of the BCR-ABL on-
cogene. The well established role for Notch signalling in human
T-cell acute lymphoblastic leukaemia (T-ALL) and the reported
interaction between Notch and ABL in different developmental
contexts in Drosophila raise the possibility that Notch signalling
may be dysregulated in CML. Therefore, the aim of the study was to
investigate whether Notch signalling is altered in CML and to study
possible crosstalk between Notch signalling pathway and BCR-
ABL in CML. The gene expression patterns of all four human Notch
genes and the Notch target gene HES1 were studied in CD34+
stem and progenitor cells isolated from CML patients. Poly-A PCR
followed by real time PCR analysis was used to quantitate gene
expression levels in comparison with levels in equivalent popula-
tions isolated from normal bone marrow (NBM). The expression

of Notch1 receptor protein levels expressed on the cell surface
was also investigated by flow cytometry. Results showed an up-
regulation of Notch1 and Notch2 genes and the target gene Hes1
on the most primitive CD34+ Thy+ subset of CML CD34+ cells as
compared with NBM. In addition, Notch1 receptor protein was
expressed in distinct lymphoid and myeloid progenitors within the
CD34+ population of CML cells. These results suggest that Notch
signalling may be highly activated in CML primitive progenitors. To
investigate the possible crosstalk between Notch and ABL in vitro
human cell line model systems were assessed as possible models to
study the interactions between Notch and ABL signalling and the
FACS based P-crkl assay was optimised as a rapid method to assess
ABL activity. The data showed that K562 and ALL-SIL cell lines are
sufficient model systems to investigate the cross-talk between the
Notch and ABL signalling pathways. The imatinib induced inhibi-
tion of ABL activity in K562 and ALL-SIL cells resulted in significant
up-regulation of Notch activity as assessed by Hes1 expression.
Similarly, GSl inhibition of Notch signalling in K562 cells resulted in
hyperactivation of ABL kinase activity as assessed by P-crkl levels.
The antagonistic relationship between Notch and ABL signalling
observed in cell lines were further confirmed in CD34+ cells from
chronic CML patients. Treatment of CD34+ CML cells with imatinib
led to significant up-regulation of Notch activity whereas inhibi-
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tion of Notch signalling with GSI in CD34+ CML cells resulted in
increased ABL activity. It can be concluded therefore, that Notch
signalling may be dysregulated in the chronic phase of CML. In
addition, the data presented in this project demonstrate for the
first time the cross-talk between Notch signalling and ABL signal-
ling in cell line model systems as well as in primary CD34+ CML
cells. Future work is required to address the possible mechanisms
that underlie the findings observed here and to investigate the
biological consequences of the interplay between Notch and ABL
signalling in CML.
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ACUTE MYELOID LEUKEMIA STEM CELLS LACKING
RAPTOR SELF RENEW BUT HAVE DEFECTIVE
LEUKEMIA INITIATING CAPACITY IN MICE

Hoshii, Takayuki, Hirao, Atsushi
Cancer Research Institute, Kanazawa University, Kanazawa, Japan

Although dysregulation of the mammalian target of rapamycin
complex 1 (mTORC1) promotes leukemogenesis, it is unclear

how mTORCT1 affects the behavior of established leukemia. Here
we investigated the roles of Raptor, an essential component of
mTORC1, in mouse hematopoiesis and leukemia by using an in vivo
tamoxifen-inducible deletion system. Raptor deficiency impaired
granulocyte and B cell development but did not alter survival or
proliferation of hematopoietic progenitor cells. In an MLL-AF9-
driven acute myeloid leukemia (AML) model, Raptor deficiency sig-
nificantly suppressed leukemia progression by causing apoptosis of
differentiated, but not undifferentiated, leukemia cells. mTORC1 did
not control cell cycle or cell growth in AML cells. Transplantation

of Raptor-deficient undifferentiated AML cells in a limiting dilution
revealed that mTORC1 is essential for leukemia initiation. Strikingly,
however, a subset of AML cells with undifferentiated phenotypes
survived long-term in vivo without mTORCT activity. The reactiva-
tion of mTORC1 in those cells restored their leukemia-initiating
capacity. Thus, AML cells lacking mTORC1 activity can self-renew as
AML stem cells. The findings provide mechanistic insight into how
residual tumor cells circumvent anti-cancer therapies and drive
tumor recurrence.

Poster Board Number: T-2051

ANDROGEN ABLATION MITIGATES DEFECT OF B
CELLS TO A PROSTATE CANCER AND INCREASE
CANCER AND INCREASE SURVIVAL RATE OF
TRAMP MICE.
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'Clinical Research, Saad Specialist Hospital, Al Khobar, Saudi Arabia,
2Department of Prostate Disease Tianjin Institute of Urological Surgery, Tianjin
Medical University, Tianjin, China, *Radiation Oncology, Saad Specialist
Hospital, Al Khobar, Saudi Arabia, “College of Pharmacy, College of Pharmacy,
Qassim University, Qassim, Saudi Arabia

Androgen ablation is the most commonly used therapy for prostate
cancer. However, the effects of androgen ablation on immune sys-
tem, especially B cell distribution are not well understood. We have
used transgenic adenocarcinoma mouse prostate (TRAMP) mice to
characterize the B cell distribution in periphery blood and spleen
upon androgen ablation. We found a decrease of the B cell popula-
tion in wild type TRAMP mice compared to normal wild type mice.
Furthermore, the B cells increased when in castrated TRAMP mice
compared to the wild type TRAMP mice. Interestingly, we found an
increase in immature B cells in the spleen of castrated TRAMP mice,
which might be due to the resistance to apoptosis during B cell
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maturation. Our data suggest that androgen ablation might play an
important role in the regulation of B cell tolerance.

Poster Board Number: T-2052

ELEVATED ADAR1 EXPRESSION DRIVES CELL
FATE DETERMINATION AND PERSISTENCE OF
LEUKEMIA STEM CELLS IN CHRONIC MYELOID
LEUKEMIA

JIANG, QINGFEI', Crews, Leslie A.', Barrett, Christian L.!, Goff,
Daniel L.!, Sadarangani, Anil', Morris, Sheldon R.", Frazer, Kelly

A.', Jamieson, Catriona H.M.!, Chun, Hye-Jung?, MINDEN, MARK?,
MARRA, MARCO A#

'MOORES CANCER CENTER, UNIVERSITY OF CALIFORNIA, SAN DIEGO, LA JOLLA,
CA, USA, 2BC Cancer Agency, Michael Smith Genome Science Centre, Vancouver,
BC, Canada, *PRINCESS MARGARET HOSPITAL, TORONTO, ON, Canada, “BC
Cancer Agency, Michael Smith Genome Science Centre, VANcouver, BC, Canada

Cancer stem cells (CSCs) are a specific population of therapy-
resistant cancer cells that have acquired stem cell properties such
as self-renewal, survival, and differentiation, and the ability to home
to protective niches. Chronic Myeloid Leukemia (CML) is the first
cancer that was proven to originate from a genetic abnormality,
the Philadelphia BCR-ABL translocation. Research demonstrated
that BCR-ABL tyrosine kinase was necessary and sufficient to
initiate chronic phase (CP) CML, while additional mutations in an
expanded progenitor population may result in leukemia stem cell
(LSC) generation and blast crisis (BC) transformation. The molecu-
lar mechanisms driving malignant transformation of progenitors
into therapeutically recalcitrant LSC in CML have remained elusive.
Generation of self-renewing LSC has been linked to activation of
transcriptional programs typical of primitive stem cell populations.
We propose that transcriptomic diversity fueled by aberrant RNA
editing might promote malignant reprogramming of CML BC pro-
genitors, allowing them to persist and evade therapy. Cumulative
whole transcriptome RNA sequencing, hematopoietic progenitor
assay, serial transplantation, lentiviral overexpression and shRNA
knockdown experiments demonstrate that a key RNA editing en-
zyme, adenosine deaminase acting on dsRNA (ADAR)-1 regulates
LSC cell fate determination and self-renewal capacity of CML BC
progenitors. During blastic transformation, BCR-ABL amplification
in progenitors positively correlates with increased levels of the
interferon responsive ADAR1 p150 isoform. Corresponding activa-
tion of RNA editing favoring A-to-G substitutions and differential
expression of ADAR target genes were also observed. Hematopoi-
etic progenitor assays demonstrate that lentivirally driven ADAR1
p150 expression enhances PU.1 expression and skews cell fate
towards granulocyte-macrophage progenitors - the initiating LSC
population in BC CML. Finally, lentiviral ADAR1 shRNA knockdown
significantly impaired human CML BC LSC serial transplantation
potential in immune compromised mice. Together, our data sup-
port a pivotal role of ADART and RNA editing in myeloid cell fate
determination and self-renewal potential of malignant progenitors
that drive disease progression and therapeutic resistance in CML.

Poster Board Number: T-2053

CHARACTERISATION OF HUMAN PROSTATE
CANCER STEM CELL COLONIES IN CELL LINES

Beaver, Charlotte, Ahmed, Aamir, Masters, John
Urology, UCL, London, United Kingdom

The clonogenic assay is an important tool in the study of normal
and neoplastic stem cells and demonstrates heterogeneity within
normal and tumour cell populations in terms of cell morphology
and proliferative potential. This study used the clonogenic assay to

characterise prostate cancer cell colonies. Prostate cancer cell lines
form three morphologically distinct colony types in vitro, which
were compared for long term serial colony forming, sphere forming
efficiency, tumourigenicity and expression of stem cell/differentia-
tion and proliferation markers. Type 1 colonies are large and consist
of small tightly packed cells, whereas type 3 colonies are small and
consist of large loosely packed cells. Type 2 colonies are larger than
type 3 and consist of a mixture of small and large cells. Both type 1
and type 2 colonies are able to be serially cloned long term, form
spheres and are tumorigenic in mice. Type 3 colonies cannot be
cloned or form spheres. Type 1 colonies also have an increased Ki67
positive fraction compared to Type 2 and Type 3 and express the
cancer stem cell markers CD44 and a231 integrin. Type 1 colonies
were previously thought to be derived from stem cells and Type 2
from transit amplifying cells. In contrast, this study shows both Type
1 and 2 colonies contain cells with stem cell traits, but they differ in
the proportion of these cells.

Poster Board Number: T-2054

INVSETIGATIOM OF OCT4-DERIVED PARACRINE
EFFECT IN MODULATING CANCER STEM-LIKE
PROPERTY IN COLORECTAL CANCER

Jiang, Bo-Hua', Yu, Yau-Hua', Wu, Ching-Yi', Chiou, Shih-Hwa?
'Institute of Oral Biology, National Yang Ming University, Taipei, Taiwan,
2Department of Pharmacology, National Yang-Ming University, Institute of
Pharmacology, National Yang-Ming University, Taipei, Taiwan

Cancer stem cells (CSC) or tumor-initiating cells (TICs) are sub-
population of tumor cells to be responsible for resistance to
chemotherapy, progression as well as recurrence in a variety of
cancers, including colorectal cancers (CRCs). Several evidences
have been demonstrated the relationship between inflammation
and tumorigenesis in CRCs and proinflammatory cytokines have
been suggested to regulate preneoplastic growth during colitis-
associated cancer tumorigenesis. Interleukin (IL)-32, a proinflamma-
tory mediator, can induce the expression of various cytokines, such
as tumor necrosis factor-alpha (TNF-alpha), IL-1beta, IL-6, and IL-8.
Since these cytokines would activate several signaling pathway to
promote cell growth or survival like JAK/STAT3 pathway. However,
the potential role of cytokines in mediating the CSC-initiated tumor
progression or recurrence in CRCs is unclear. In this study, we
found Oct4 overexpression enhanced cancer stem-like property in
colorectal cancer cell line. Microarray-based bioinformatics showed
that higher expression levels of embryonic stem cell (ESC)-specific
genes in Oct4-expressing colorectal adenocarcinoma cell line
(HT29-Oct4). In addition, the overexpression of Oct4 enhanced
stem cell properties, which was contributed by the cytokines

like IL-8 and IL-32. Targeting IL-8 and IL-32 in HT29-Oct4 cell with
specific antibodies blocked these tumorigenic effects of Oct4-
overexpressing CRCs. Furthermore, xenograft tumorigenicity assay
revealed that Oct4-overexressing CRCs also enhanced the metasta-
sis potential in vivo, which could be totally blocked by neutralizing
IL-32 and IL-8. These data demonstrate that the cytokines IL-32 and
IL-8 play a role in regulating stem-like properties and promoting
tumorigenesis in CRCs. This may provide a therapeutic strategy for
the treatment of CRCs.
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EVALUATING THE EXPRESSION OF SEVERAL SELF
RENEWAL GENES IN COLON, PROSTATE AND
BLADDER CANCER AND IN CANCER CELL LINES
(LNCAP, HEPG2, HT-1376)

Fathi, Fardin', Amini, Sabrieh?, Ghadimi, Tayyeb?

'School of Medicine, Kurdistan University of Medical, Sanadaj, Iran, Islamic
Republic of, ?Islamic Azad University, Tehran, Iran, Islamic Republic of,
3Department of Surgery, Kurdistan University of Medical Sciences, Faculty of
Medicine, Sanandaj, Iran, Islamic Republic of

Background: Uncontrolled self renewal plays a direct function in
different types of carcinoma progression. The same molecular
pathway that manages self renewal in normal stem cells also im-
ages to be appropriate by cancer stem cells in cancers. Here we
examined the expression of self renewal regulatory factors such as
Oct4, Nanog, Sox2, Nucleostemin, Zfx, Esrrb, Tcl1, Tbx3 and Dppa4
in several tissue samples of colon, prostate and bladder cancer and
in cancer cell lines (Lncap, HepG2, HT-1376)

Material & Method: We used RT-PCR (Reverse Transcriptase Poly-
merase Chain Reaction) to examine the expression of these gene
in cancer cell lines and in 20 tumor samples. Total RNA was isolated
using the ISOGEN method. RNA integrity was checked with agarose
gel electrophoresis and spectrophotometry. The expression of Oct-
4 and Nucleostemin at the protein level was further determined
using immunocytochemistry. Results:. Oct4, Nanog, Sox2, Nucle-
ostemin, Bmi, Zfx, Esrrb, Tcl1, Tbx3 and Dppa4 were expressed in
bladder, colon and prostate cancer tissues and cell lines. Oct4 and
Nucleostemin proteins were expressed in both nuclear and cyto-
plasmic in cancer cell lines. No immunoreactivity was observed in
negative controls, which were incubated in the absence of primary
antibody. Conclusion: Collectively, our data confirmed the expres-
sion of Oct-4, Nanog, Sox2, Nucleostemin, Bmi, Zfx, Esrrb, Tcl1, Tbx3
and Dppa4 in cancer cell cell lines and cancer tissues and suggest-
ed that their expression can be used as potential tumor markers in
diagnosis and /or prognosis of tumors. These results confirm the
potential value of the cancer stem-cell theory in cancer therapy

Poster Board Number: T-2056

THE ACQUISITION OF CANCER STEMNESS
IN COLON CANCER IS REGULATED BY THE
STABILIZATION OF ATONAL HOMOLOG 1
PROTEIN.

Kano, Yoshihito, Tsuchiya, Kiichiro, Okamoto, Ryuichi, Nakamura,
Tetsuya, Watanabe, Mamoru

Gastroenterology and Hepatology, Tokyo Medical and Dental University, Tokyo,
Japan

Background & Aims: Atoh1 is one of the essential genes for secre-
tory intestinal epithelial cells (IECs) differentiation. However, Atoh1
protein is not expressed in colon cancer region, despite Atoh1
gene is equally expressed between normal colon and colon cancer
region. So, we have reported that GSK3 on Wnt signal reciprocally
regulates the proliferation and differentiation by the ubiquitin pro-
teasomal proteolysis of $-catenin and Atoh1 in sporadic colorectal
cancer (CRC). Moreover, APC deletion on colorectal carcinogenesis
causes Atoh1 protein degradation by GSK3, resulting in maintain-
ing the undifferentiated state of CRC. On the other hand, Atoh1
protein is expressed in the mucinous carcinomas (MC) of colon

in which APC is normal. However, it remains unknown whether
Atoh1 affects the form of MC. So, we aim to elucidate Atoh1 func-
tion in MC. Methods: We constructed mutant Atoh1 fused with
mCherry that reconstitutes five Serines of GSK3 target site to Alanin
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(mCherry-5SA Atoh1). mCherry-5SA Atoh1 induced CRC cells were
assessed the differentiation/stem characteristics by RT-PCR and
immunofluorescence. Cell growth was evaluated by MTS assay. Cell
cycle analysis was performed by Live Cell Imaging and FACS using
fluorescent cell-cycle indicator, Fucci (Fluorescent Ubiquitination-
based Cell Cycle Indicator) system. In vivo study, nude mice were
inoculated with naive CRC cells and mCherry-5SA-Atoh1 cells.
Subsequently Oxaliplatin or DMSO was administered biweekly.
The characteristics of tumors were assessed by the differentiation/
stem markers and chemoresistance. Results: mCherry-5SA-Atoh1
showed the stable expression in CRC cells. Atoh1 protein stabiliza-
tion up-regulated both E-BOX and TCF4 dependent transcriptional
activity, resulting in the expression of Mucin2 (mucinous marker)
and Wnt target gene, Lgr5 (cancer stem cell marker). Moreover,
mCherry-5SA-Atoh1 inhibited cell growth to suppress the cell
cycle by the extension of GO/G1 time. Furthermore, mCherry-5SA-
Atoh1 acquired the chemoresistance against Oxaliplatin to avoid
the caspase-dependent apoptosis. Interestingly, Wild type Atoh1
(mCherry-WT-Atoh1) inducing CRC cells also acquired the chemo-
resistance against Oxaliplatin, because we found that Oxaliplatin
stabilized Atoh1 protein by the inhibition of GSK3 kinase activity. In
vivo study, Tumor constituted by mCherry-WT-Atoh1 inducing CRC
cells grew up regardless of the treatment with Oxaliplatin, resulting
in the Atoh1 protein stabilization and MC phenotype acquisition.
Conclusions: Atoh1 protein stabilization might regulate the form
of MC, including cancer stemness and chemoresistance that reflect
poor prognosis of MC.

Poster Board Number: T-2057

REAL TIME IMAGING OF THE DYNAMICS OF CELL
DEATH INDUCED BY THERAPEUTIC NEURAL STEM
CELLS IN MALIGNANT BRAIN TUMORS

Bagci-Onder, Tugba’, Agarwal, Aayush’, Flusberg, Deborah?,
Wanningen, Simone', Sorger, Peter K.2, Shah, Khalid'

'Radiology and Neurology, Massachusetts General Hospital, Charlestown, MA,
USA, 2Systems Biology, Harvard Medical School, Boston, MA, USA

Neural stem cells (NSCs) have recently been recognized as efficient
delivery vehicles in a number of malignancies including the most
aggressive brain tumor type: glioblastoma multiforme (GBM).
Therefore, engineering NSCs to express tumor-specific cytotoxic
reagents, such as tumor necrosis factor related apoptosis-inducing
ligand (TRAIL), offers great potential in the treatment of GBMs. In
this study, we engineered TRAIL-sensitive and -resistant GBM cells
with fluorescence-based live-cell caspase-reporters and assessed
their response to SC-TRAIL in real-time. We show that SC-TRAIL
induces caspase-mediated apoptosis in GBM cells, which is cor-
related with their death-receptor (DR)4/5-expression levels, and
the sustained release of TRAIL via NSCs has significant anti-tumor
effects in vitro and in vivo. To target TRAIL-resistant GBMs, we have
developed DR-reporters that offer an imaging-based screening
platform to identify agents that can act in concert with SC-TRAIL.
Utilizing both DR4/5 and caspase-reporters, we show that an HDAC
inhibitor, MS-275, augments the response of TRAIL-resistant GBM
cells to SC-TRAIL in vitro and in vivo. This study demonstrates the
efficacy of a combination of real-time reporters of TRAIL-mediated
apoptosis pathway in evaluating the fate of tumor-cells in response
to SC-TRAIL therapeutics and may have clinical implications for
cancer patients.
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BONE MARROW CELLS TRAFFIC AND
FUSE TO DEVELOPING COLORECTAL TUMOR
CELLS GENERATING TUMOR INITIATING CELLS

Koizumi, Tomotake', Burka, Douglas R.!, Xin, Hongwu', Wiegand,
Gordon W.!, Wiegand, Gordon W.", Anderson, Andrew A.', Ray,
Satyaijit’, Aoki, Takeshi?, Murakami, Masahiko?, Rudloff, Udo’,
Thorgeirsson, Snorri S.3, Avital, [tzhak'

'Surgery Branch, National Cancer Institute, Bethesda, MD, USA, *General and
Gastroenterological Surgery, Showa University, Tokyo, Japan, *Laboratory of
Experimental Carcinogenesis, National Cancer Institute, Bethesda, MD, USA

Background: Bone-marrow-derived-cells (BMDC) can traffic to
injured organs, and participate in organ maintenance under certain
inflammatory conditions. Subsequently, rare reports suggested
that cancers could originate from BMDC. Given the fact that tumors
generate an inflammatory environment, we hypothesized that
BMDC participate in tumor maintenance. Materials & methods:

We obtained BMDC and fresh tumors from patients enrolled in

this study after proper consent, approved by the NIH Institutional
Review Board. We irradiated severe immunodeficient mice (NSG)
and performed bone marrow transplantation (BMT) using human
CD34+ cells. After 4 weeks of recovery, we xenotransplanted sub-
cutaneously human colon cancer cells isolated from fresh surgical
specimens. In the testing experiment, tumor and BMDC cells car-
ried two different lentivirus reporter genes. In the validating experi-
ment, tumor and BMDC cells were followed using HLA markers, and
in a sex-mismatch experiment, we used a Y-chromosome marker.
When tumors developed, we extracted the tumors and sorted and
tested the cells according to their origins. Results: We show that
human BMDC, traffic to sites of developing colorectal cancers, fuse
to cancer cells, and generate tumor initiating cancer cells. Fused
cells expressed genetic markers both from tumor and BMDC cells,
were CD45-negtaive and expressed CEA. We confirmed the FACS
data using gRT-PCR, DNA sequencing and Karyotyping. Quantita-
tive DNA analysis using SNP specific pyro-sequencing showed cells
containing DNA derived from both BMDC and colon cancer cells.
Karyotyping demonstrated that cells that expressed both colon
cancer-and-BM derived HLA were tetraploid while cells that express
colon cancer-derived-HLA alone were aneuploid but not tetra-
ploid. Bone-marrow-tumor-fused-cells expressed the typical colon
cancer marker CEA, and maintained the malignant phenotype over
several generations. Averaged over multiple experiments fused
cells comprised 14%-t0-28% of the genetic marker bearing tumor
cells. Importantly, testing the tumor initiating capacity of tumor
cells versus BM-tumor-fused-cells, the BM-tumor-fused-cells have
the exclusive capacity to initiate tumors with only 10 cells generat-
ing a more aggressive and less differentiated phenotype with high
Ki67 expression tumors. Finally, BM-tumor-fused-cells have unique
pluripotency gene signature up-regulating Sox-2 (>200 folds),
MYC, Notch, Numb, CD44, CDH1, BMP1, CXCL12, FOXA, FGF1-3 and
ALDH-1/2 . Conclusion: Similarly to normal tissue maintenance,

this data suggest that tumor maintenance can be supported by
BMDC. These findings have potential far-reaching implications to
our understanding of tumor progression, maintenance and novel
approached for cancer therapeutics.

Poster Board Number: T-2059

DIFFERENTIATION OF EPITHELIAL OVARIAN
CANCER STEM-LIKE CELLS INTO MESENCHYMAL
LINEAGE RESULTS IN CELLULAR HETEROGENEITY
WHICH ENABLES TUMOR ENGRAFTMENT

Chen, Tong', Jiang, Hua? Lin, Xiaolong? Liu, Yingtao?, Gong,
Wenijia?, Sun, Xiaoxi?, Feng, Youiji?, Janzen, Viktor*

'Department of Hematology, Huashan Hospital, Shanghai, China, 2Department
of Gynecology, Gynecology & Obstetrics Hospital, Shanghai, China, *Shanghai Ji
Ai Genetics & IVF Institute,, Shanghai, China, “Department for Internal Medicine
Ill, Hematology and Oncology, University-Hospital of Bonn, Bonn, Germany

Ovarian cancers are heterogeneous and contain stem-like cells

that are able to self-renew and are responsible for sustained tumor
growth. Metastasis in peritoneal cavity occurs more frequently

in ovarian cancer than in other malignancies, but the underlying
mechanism remains largely unknown. We have identified that ovar-
ian cancer stem-like cells (CSCs), which were defined as side popu-
lation (SP), were present in patients’ascitic fluid and mesenchymal-
ly transformed cell lines, ES-2 and HO-8910PM. SP cells, which were
sorted from both cell lines and implanted into immunocompro-
mised mice, were localized to the xenografted tumor boundary. In
addition, SP cells exhibited an epithelial phenotype and showed a
distinct gene expression profile with reduced expression of cell ad-
hesion molecules (CAMs),indicating that SP cells play an important
role in ovarian cancer peritoneal metastasis. In contrast, non-SP
cells exhibited a more mesenchymal phenotype and showed in-
creased invasive potential than SP cells. The engraftment ability of
SP cells in immunocompromised mice was greatly increased when
SP cells were injected as a differentiated heterogeneous population
containing non-SP cells. This heterogeneity was observed as an
endogenous transformation viathe epithelial-mesenchymal transi-
tion (EMT) process. Inhibition of the EMT process by Snail1 silencing
reduced the SP cell frequency, and affected their invasive capacity
and engraftment. These findings illustrate the interplay between
epithelial ovarian CSCs and the EMT exerts a link to explain tumor
heterogeneity and is necessary for ovarian cancer maintenance,
metastasis and progression.

Poster Board Number: T-2060

ELEVATED LEVELS OF SIALYLATED C-MET
INDUCED BY FRUCTOSE REPLACEMENT
ENHANCES METASTATIC POTENTIALS OF
PANCREATIC CANCER STEM CELLS

Hsieh, Chi-Che’, Liao, Wen-Ying?, Sung, Shian-Ying?, Shyr, Yi-Ming*,
Chen, Tien-Hua*, Hsiao, Michael', Shen, Chia-Ning'

'Stem Cell Program, Genomics Research Center, Academia Sinica, Taipei,
Taiwan, °Graduate Institute of Pharmaceutical Chemistry, China Medical
University, Taichung, Taiwan, *Graduate Institute of Cancer Biology, China
Medical University, Taichung, Taiwan, *Department of Surgery, Taipei Veterans
General Hospital, Taipei, Taiwan

Existence of pancreatic cancer stem/initiating cells (CSCs) has been
considered as a possible link for poor clinical outcomes of pancre-
atic ductal adenocarcinoma. It has been proposed by Otto Warburg
that mitochondrial alterations in cancer cells as the driving force

of tumorigenesis. Our initial work demonstrated ABCG2+ CD24*
CD44* pancreatic cancer subpopulation expressed self-renewal
regulators (e.g. c-Met, Sox2) and characteristics of CSCs such as
higher tumorigenicity and chemo-resistance. During differentiation
of ABCG2* CD24* CD44* subpopulation, these cells were found to
produce higher levels of lactate and had higher oxygen consump-
tion rate. Strikingly, these cells can still produce ATP after adding
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mitochondrial ATPase inhibitor-oligomycin indicating these cells
display plastic metabolic features. Glucose deprivation culture
altered cell responses to first-line anti-cancer drug and further
selectively outgrew ABCG2+ CD24+ CD44* subpopulation. Recent
cohort studies the higher pancreatic cancer risk associated with
high free fructose intake, we further revealed fructose replacement
not only can electively outgrow ABCG2* CD24+ CD44+ subpopula-
tion, but it also enhanced invasion and metastatic potential of
ABCG2* CD24* CD44* subpopulation in vitro and in the orthotropic
mouse model. Comparing with the tumor-engraft mice fed with
normal diet, fructose-enriched diet (60% fructose) enhanced
cancer progression and liver metastasis. Importantly, the enhance-
ment in metastatic potential by fructose replacement was found to
associate with upregulation of alpha 2,6-sialylation and evaluated
levels of beta-galactoside alpha 2,6-sialyltransferase (ST6Gal-1). The
knockdown of ST6Gal-I affected cell motility. RNA-seq and target
proteomics further revealed c-Met is the substrate of ST6Gal-l. The
loss of alpha2,6-sialic acid on c-Met in ST6Gal-I knockdown abolish
cell motility of ABCG2* CD24+ CD44+ subpopulation. In conclusion,
c-Met is required for self-renewal for pancreatic stem cells and
CSCs. And our current work identified metabolic reprogramming
can enhance metastatic potentials of pancreatic cancer stem cells
by increasing functionality of c-Met via alpha 2,6-sialylation indicat-
ing sialylated c-Met is a potential target for metastatic cancer stem
cells of pancreatic ductal adenocarcinoma.

Poster Board Number: T-2061

TARGETING MOUSE GLIOMA CANCER STEM CELLS
USING CPG-SISTAT3

Cherryholmes, Gregory A., Herrmann, Andreas, Kortylewski,
Marcin, Yu, Hua

Cancer Immunotherapeutics & Tumor Immunology, City of Hope, Duarte, CA,
USA

Glioblastoma multiforme (GBM), an aggressive grade IV glioma,

is known to have high probability of recurrence after therapeutic
challenge. Several lines of evidence suggest that cancer-stem cells
(CSCs; also called “tumor-initiating cells”) underlie GBM recurrence
and resistance to current therapies. Furthermore, glioma cancer
stem cells suppress innate and adaptive immune responses while
creating an immunologically environment that limits the therapeu-
tic benefit of immunotherapy. It has been demonstrated that the
Signal Transducer and Activator of Transcription-3 (Stat3) is critical
for glioma tumor-initiating cells’stem cell-like phenotype and
creating an immunosuppressive microenvironment. We recently
developed a platform to deliver siRNA synthetically linked to CpG in
vivo; so-called CpG-siRNA. It has been shown that CpG-Stat3siRNA
may be used to initiate robust anti-tumor immune responses in
multiple cancer types; including melanoma, colon carcinoma, and
lymphoma. Here, we demonstrate a powerful approach to curb
CSCs in glioma by using CpG-Stat3siRNA, shifting the phenotype of
the glioma cancer stem cells in-vivo and in-vitro. This induced shift
would allow for the glioma cancer stem cells to become sensitive
to conventional treatment protocols. Additionally, we demonstrate
how the CpG-Stat3siRNA might guard against glioma recurrence
in-vivo. Finally, we show how silencing Stat3 may shift the glioma’s
immune microenvironment towards an anti-tumor response.

Thus, we consider CpG-Stat3siRNA as a multi-pronged therapeutic
against glioma by selectively targeting the resistant phenotype of
the glioma tumor-initiating cells, as well as causing an anti-tumor
immune response against glioma tumor cells. These findings may
lead to a more effective therapy against glioblastoma multiforme.
(Supported by the California Institute of Regenerative Medicine
and the National Institutes of Health)
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EVALUATION OF CD44 VARIANT EXPRESSION AS
A RECURRENCE MARKER OF GASTRIC CANCER
AFTER

ENDOSCOPIC SUBMUCOSAL DISSECTION

Hirata, Kenro', Suzuki, Hidekazu', Saya, Hideyuki? Imaeda,
Hiroyuki®, Nagano, Osamu?, Tsugawa, Hitoshi', Matsuzaki, Juntaro’,
Okada, Sawako', Fukuhara, Seiichiro’, Mukai, Makio*, Hibi,
Toshifumi'

'Division of Gastroenterology and Hepatology, Department of Internal
Medicine, Keio University School of Medicine, Tokyo, Japan, *Division of Gene
Regulation, Institute for Advanced Medical Research, Keio University School of
Medicine, Tokyo, Japan, *Department of General Internal Medicine, Saitama
Medical University, Saitama, Japan, “Division of Diagnostic Pathology, Keio
University School of Medicine, Tokyo, Japan

Background: As for the treatment of early gastric cancer (EGC),
endoscopic therapy is widely used and have shown a good prog-
nosis, although some of EGCs often show metachronous recur-
rence after initial endoscopic treatment. Recently, cancer stem cells
having a stem cell-like ability such as multilineage potential and
the self-renewal potential in a cancer tissue has been identified,
and it is suggested that they are linked to tumor recurrence and
metastasis. CD44 has recently been identified as one of the cell
surface marker associated with cancer stem cells in various solid
tumors. In addition, it was reported that human gastrointestinal
cancers with a high level of CD44 variant (CD44v9) showed an
enhanced capacity of glutathione synthesis, defence against reac-
tive oxygen species (ROS) and reduced activation of p38MAPK, a
downstream target of ROS (Cancer Cell 19, 387-400, 2011). In the
present study, we investigated whether the expression of CD44v9
could become the marker of the recurrence of the gastric cancer.
Method: A case-control study was conducted to identify CD44v9
as a recurrence marker of gastric cancer after initial endoscopic
submucosal dissection (ESD) at the Keio University Hospital (Tokyo,
Japan) from February 2008 to February 2009 within a follow-up
period (33.6+7.9 months). The study compared 12 cases who had
undergone curative resections for EGC and recurrence was identi-
fied after initial ESD with 13 age- and sex- matched controls. The
expression of CD44v9 and activated p38MAPK (phospho-p38) were
evaluated in immunohistochemistry. Quantification of the propor-
tion of CD44v9-positive area (CD44v9 IHC score) was calculated by
ImageJ (US National Institutes of Health, Bethesda, MD). The clinical
features of the patients, such as age, sex, body mass index (BMI), H.
pylori infection, smoking history, and location and differentiation
of the tumors were retrospectively obtained from medical records.
Result: The average of CD44v9 IHC score were 1.47+0.58% (median
0.63%). We divided patients into two groups of CD44v9 higher
group (n=13) and lower group (n=12) based on a cut-off level
which was decided with 0.61% by ROC analysis (sensitivity 75.0%,
specificity 69.2%). In the analysis of recurrence rate using the Cox
proportional hazard model, recurrence rate was significantly higher
in CD44v9 higher group in comparison with CD44v9 lower group
(p=0.015). Furthermore, a reduced expression of phospho-p38
was identified in CD44v9 positive cells. Conclusion: In the CD44v9
higher group, recurrence rate was significantly high as compared
with the CD44vp lower group. Our result suggest that the expres-
sion of CD44v9, which up-regulates intracellular ROS resistance, is
one of major predictive factors for the recurrence in the EGCs.
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SUPPRESSION OF CANCER STEM-LIKE
PROPERTIES IN GLIOBLASTOMA BY DELIVERY OF
MICRORNA145 SHORT BRANCH PEI

Chiou, Shih-Hwa
Dept of Med Res & Education, Taipei Veterans General Hosp, Taipei, Taiwan

Glioblastoma (GBM) the most common primary brain tumor
bearing dismal prognosis. CD133 has been considered a putative
marker of cancer stem cells (CSCs) in malignant cancers, including
GBM. MicroRNAs (miRNAs), highly conserved small RNA molecules,
may target oncogenes and become a therapeutic strategy against
cancer. However, the involvement of miRNAs in GBM-associated
CSCs remained mostly unclear. Using miRNA/mRNA microarray
analysis, we identified that miR145 (a tumor-suppressive miRNA)
expression is inversely correlated with the levels of Oct4 and Sox2
in GBM-CD133* cells and specimens of malignant glioma. Consis-
tently, we demonstrated that miR145 negatively regulates tumor
growth of GBM by directly targeting Oct4 and Sox2 in GBM-CD133*
cells. We therefore evaluated the treatment effect of polyurethane-
short branch polyethylenimine-mediated miR145 (PU-PEI-miR145)
on GBM-CSCs. PU-PEI-miR145 delivery in GBM-CD133* significantly
inhibited their tumorigenic and CSC-like abilities, and facilitated
their differentiation into CD133~ non-CSCs. Furthermore, PU-
PEI-miR145 delivery in GBM-CD133* effectively suppressed their
expressions of drug-resistance and anti-apoptotic genes, and
dramatically increased the sensitivity to radiation and chemothera-
peutic drugs, including temozolomide. Finally, in vivo alone delivery
of PU-PEI-miR145 significantly suppressed tumorigenesis, and
synergistically improved survivals in orthotopic GBM-CD133*-trans-
planted immunocompromised mice, combined with radiotherapy
and temozolomide. Therefore, PU-PEI-miR145 is potential therapeu-
tic approach for malignant brain tumors.

Poster Board Number: T-2064

ROLE OF A7 NICOTINIC ACETYLCHOLINE
RECEPTOR IN CANCER STEM CELLS

Hirata, Naoya, Sekino, Yuko, Kanda, Yasunari
Division of Pharmacology, National Institute of Health Science, Tokyo, Japan

Epidemiological studies have suggested that cigarette smoking is
related to increased cancer risk. Nicotine, a major component of
cigarette smoking, is believed to be responsible for the pathogen-
esis of smoking-related malignancies. However, the mechanisms
by which nicotine promotes cancer development are not fully
understood. Growing evidence suggests that cancer cells are
heterogeneous and are originated from cancer stem cells (CSCs),
which are a minor population of cancer cells. In the present study,
we investigated the effects of nicotine on the size of CSC popula-
tion in human cancer cell lines. CSC population was analyzed by
flow cytometry with a CSC functional marker aldehyde dehydroge-
nase. We examined whether nicotine increased a CSC population in
human cancer cell lines, such as A549 (lung), MCF-7 (breast), PC-3
(prostate) and U-251 (glioma). We found that nicotine increase CSC
population in MCF-7 cells, not in A549, PC3 and U251 cells. The
nicotine-treated MCF-7 cells formed more mammospheres than
untreated control cells, confirming that nicotine increases the CSC
population. These data suggest that the effect of nicotine is selec-
tive in breast cancer. We next investigated the subtype of nicotinic
acetylcholine receptor (nAChR). The effect of nicotine was blocked
by the a7 subunit-selective antagonist of nAChR a-Bungarotoxin.
In addition, the a7-selective nAChR agonist PHA543613 increased
the CSC population in a dose-dependent manner. These data sug-

gest that nicotine increases the CSC population via a7-nAChR. To
investigate whether the effect of nicotine is mediated through a
stem cell-dependent pathway, we examined the Notch pathway,
which is a feature of CSC. We found that nicotine induced an ex-
pression of Notch target gene Hes1. DAPT, which inhibits cleavage
of activated Notch receptors by y-secretase and thereby prevents
Notch signaling, reduced the nicotine-induced Hes1 expression
and the nicotine-induced CSC population. Taken together, these
data suggest that nicotine increases the CSC population via the
a7-nAChR- and Notch-dependent pathway in MCF-7 cells. These
findings reveal a relationship between nicotine and the CSCs in
human breast cancer. This might explain the development of breast
cancer in cigarette smokers.

Poster Board Number: T-2065

NOVEL GRP78 - TARGETING PEPTIDES FOR
THERAPY AND IMAGING OF CANCER

Cho, Huan-Chieh', Wang, Sheng-Hung? Yu, Alice L.}, Chen, I-Ju’,
Lee, Andy C.', Yu, John?

'Genomics Research Center, Academia Sinica, Taipei, Taiwan, Institute of
Cellular & Organismic Biology, Academia Sinica, Taipei, Taiwan

We had developed a strategy of structure-based optimization

of cancer-targeting peptides to target human GRP78. Based on
computer modeling, GRP78 composed of two major structural
domains, a peptide-binding and an ATPase domain. GRP78 was
reported to reside on the outer surface of cancer cells, but only in
the cytoplasm of normal cells. Using our newly developed software,
HotlLig, for predicting protein-peptide interactions, a series of novel
cancer-targeting peptides against GRP78 were designed in silico
with molecular docking. The abilities of these peptides to bind

to peptide-binding domain of GRP78 were further confirmed via
Biacore analysis. We also demonstrated their capacities to target
cancer cells through in vitro binding with a variety of cancer cells
including clinical cancer specimens, and in vivo tumor imaging and
targeted chemotherapeutic studies using peptide-linked liposome.
Based on these analysis, we delineated a cancer-targeting motif
Pro-X1-Leu-X2, where X1 could be amino acids with a hydrophobic
side chain including Leu, His, Phe, and Tyr, and X2 could be Pro and
aromatic amino acids Phe and Trp. Peptides possessing this motif,
such as P-6, P-12 and P-13, target the peptide-binding domain

of human GRP78, and could bind to a broad spectrum of cancer
cells but not to normal cells. In addition, the novel peptide-linked
Lipo-Dox displayed significant increases in therapeutic efficacy for
human breast and lung cancer xenografts in mice as compared to
the Lipo-Dox without targeting peptides. Besides, the microSPECT/
CT imaging showed significantly greater uptake of radioactivity
with '®®Re-peptide-linked liposome compared with '®8Re-liposomes
alone, opening up a valuable application of these novel peptides
for cancer diagnosis and targeted radiotherapy. Notably, these new
cancer-targeting peptides possess the potential to target drug
delivery to cancer initiating/stem cells, which might also provide a
new paradigm for cancer stem cell-targeted therapy. In our recently
established inducible Kras¢'?°-driven lung adenocarcinoma model
in CCSP-rtTA/TetO-Cre/LSL-Kras®'?® mice, we have identified bron-
chiolar Clara cells as the origin of cells which initiated Kras-induced
tumor formation in the lung (Cancer Res.71 7250 2011). Now

we also found that the expression of GRP78 in the tumorigenic
EpCAM*MHCII subpopulation of cells in this in vivo lung cancer
model was increased at least six folds, especially on the outer sur-
face of cancer initiating cells. Similarly, the expression of GRP78 in
the breast-cancer stem cell subpopulation in xenografts of human
primary breast cancer was also significantly increased. Of interest,
these peptides could bind to breast-cancer stem cell subpopulation
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in xenografts of primary breast cancer as well as CD44*CD24 cells
from clinical specimens of breast cancer. Therefore, these newly
found and optimized cancer-targeting peptides were expected to
enhance “tumor selectivity” forimaging and targeted therapy of
cancers, including cancer initiating/stem cells, thereby increasing
the therapeutic index of the anticancer drugs.

Poster Board Number: T-2066

ROLE OF RAT MESENCHYMAL STEM/STROMAL
CELLS AS A CO-CONSPIRATOR FORTUMOR
PROGRESSION IN A RAT OSTEOSARCOMA
MODEL:A COMPARATIVE ANALYSIS OF GENE
EXPRESSION PROFILES IN RELATION TO TUMOR
PROGRESSION

Honoki, Kanya', Fujii, Hiromasa', Tohma, Yasuaki', Kido, Akira’,
Tsukamoto, Shinji', Mori, Toshio?, Tsujiuchi, Toshifumi®, Tanaka,
Yasuhito'

'Department of Orthopedic Surgery, Nara Medical University, Kashihara, Japan,
2RI Center, Nara Medical University, Kashihara, Japan, *Department of Life
Sciences, Kinki University, Higashiosaka, Japan

INTRODUCTION: Mesenchymal stem/stromal cells (MSCs) are
proposed as a source of tumor stromal cells during the progres-
sion of various cancers such as breast cancers. However, the role
of MSCs still remains uncovered in most sarcomas, although the
MSCs are considered to be the cell of origin for most of sarcomas.
We will propose the role of MSCs in tumor growth and metastatic
ability with comparative analysis of gene expression profiles based
upon the results of preliminary experiments in rat osteosarcoma
model. MATERIALS and METHODS: Two components of experi-
ments have been performed using the cell lines of rat osteosar-
coma COSTNR established from the tumor chemically induced

by 4-hydroxy(amino) quinoline 1-oxide in F344 rats and rat MSCs
isolated from syngeneic rat femur bone marrow. In vivo animal
experiments were performed as the simultaneous co-implantation
of both cells into subcutaneous tissues and the subcutaneous
inoculation of osteosarcoma cells followed by subsequent intra-
venous injection of MSCs intermittently. Upon those experiments,
we have analyzed the gene expression profiles using Agilent gene
expression array comparing MSCs and osteosarcoma cells to iden-
tify the factors possibly involved in the process of tumor progres-
sion. RESULTS: The data of animal experiments indicated that MSCs
could promote tumor engraftment and metastatic colonization in
a rat osteosarcoma model. Briefly, simultaneous co-implantation of
MSCs and osteosarcoma cells showed higher incidence of tumor
formation and tumor growth rate in early phase compared to
osteosarcoma cell inoculation alone. Intravenous MSCs injections
after subcutaneous inoculation of osteosarcoma cells enhanced
the formation of lung metastatic nodules in the group with MSCs
injection compared to the group without MSCs, while no differ-
ence was observed in subcutaneous tumor growth between those
groups. The pathway analysis from comparative gene expression
profiles between syngeneic MSCs and osteosarcoma cells identified
that pathways involved in cell cycle acceleration including CDKs-
cyclins and DNA repairs were up-regulated in osteosarcoma cells,
while genes involved in focal adhesion, cytokine-cytokine receptor,
chemokine signaling and extracellular matrix-receptor pathways
such as CAMs (ICAM and VCAM) - integrins including interleukins,
CCL-CCRs, CXCL12-CXCR4, MMP-2 and 9, mostly related to tumor
progression such as invasion and metastasis, were up-regulated in
MSCs rather than osteosarcoma cells themselves, suggesting pos-
sible participation of MSCs in the tumor progression through the
cell-cell and cell-matrix interactions as a co-conspirator. CONCLU-
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SIONS: We hypothesize that MSCs could be a potential co-conspir-
ator for osteosarcoma cells to enhance the ability of settlement
and colonization leading to early onset of growth and metastasis.
The activated pathways including cell adhesion, cytokines and
chemokines, and MMPs in MSCs may be involved in cell-cell and
cell-matrix interaction to promote tumor progression, potentially
compensating the tumor cell ability and cultivating the microenvi-
ronments for tumor cells.

Poster Board Number: T-2068

CD138-NEGATIVE CLONOGENIC CELLS ARE
PLASMA CELLS BUT NOT B CELLS IN SOME
MULTIPLE MYELOMA PATIENTS

Hosen, Naoki
Osaka Univ. Graduate School of Medicine, Osaka, Japan

Clonogenic multiple myeloma (MM) cells reportedly lacked expres-
sion of plasma cell marker CD138. It was also shown that CD19+
clonotypic B cells can serve as MM progenitor cells in some pa-
tients. However, it is unclear whether CD138-negative clonogenic
MM plasma cells are identical to clonotypic CD19+ B cells. We found
that in vitro MM colony-forming cells were enriched in CD138-
CD19-CD38++, plasma cells, while CD19+ B cells never formed MM
colonies in 16 samples examined in this study. We next used the
SCID-rab model, which enables engraftment of human MM in vivo.
CD138-CD19-CD38++ plasma cells engrafted in this model rapidly
propagated MM in 3 out of 9 cases, while no engraftment of CD19+
B cells was detected. In 4 out of 9 cases, CD138+ plasma cells
propagated MM, although more slowly than CD138- cells. Finally,
we transplanted CD19+ B cells from 13 MM patients into NOD/SCID
IL2Ryc-/- mice, but MM did not develop. These results suggest that
at least in some MM patients CD138-negative clonogenic cells are
plasma cells rather than B cells, and that MM plasma cells includ-
ing CD138- and CD138+ cells have the potential to propagate MM
clones in vivo in the absence of CD19+ B cells.

Poster Board Number: T-2069

A PUTATIVE CD34+ CANCER STEM CELL LINE
WITH KUPFFER CELL CHARACTERISTICS
PRODUCES A COMBINED HEPATOCELLULAR
CHOLANGIOCARCINOMA

Duan, Yuyou', Park, Su Cheol', Nguyen, Ngoc Tue', Trotsyuk,
Artem’, Tschudy-Seney, Benjamin', Ramsamooj, Rajendra? Lam,
Alexander', Zern, Mark A"

'Internal Medicine, Univ of California Davis Medical Center, Sacramento, CA,
USA, 2Pathology & Laboratory Medicine, Univ of California Davis Medical
Center, Sacramento, CA, USA

CD34+ stem cells play an important role during liver development
and regeneration. We hypothesized that human liver carcinomas
(HLC) might be derived from oncogenically mutated or epigeneti-
cally aberrant CD34+ cells. We determined that a population of
CD34+ stem cells isolated from PLC/PRF/5 hepatoma cells (PLC)
and clonagenically expanded on mouse feeder layers appears to
function as liver cancer stem cells (LCSC) by forming HLC xenografts
in NOD/SCID/IL2rg mice after injecting only 500 CD34+ stem cells;
whereas unsorted parental PLC required at least 100,000 cells to
produce HLC. Thus, a small number of CD34+ stem cells had tumor
initiation capacity. We then attempted to characterize the origin of
these LCSC. 12 subpopulation of CD34+ stem cells (CD34+CD44+,
CD34+CD1334, CD34+CD314+, CD34+CD90+, CD34+EpCAM4,

and CD34+0V61) were sorted and injected into NOD/SCID/IL2rg
mice. HLC were formed in mice from all 12 subpopulations. By
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using flow cytometry, we found that the phenotype of the tumor
cells produced by injecting CD34+ stem cells and its subpopula-
tions were similar to tumors produced by injecting parental PLC.
Hep Par1 was expressed in a high percentage of parental PLC cells;
however, only a few cells were positive for CK19 and CD68. The
tumor cells produced from the injection of parental PLC or from the
CD34+ stem cells both co-expressed Hep Par1 and CK19 as a high
percentage of population, showing the phenotype of combined
hepatocellular cholangiocarcinoma (CHC). Interestingly, CD34+
double positive cells (except CD34+0V6+, and CD34+CD133+)
expressed CK19 in a higher percentage of the populations when
compared to those from the corresponding group for CD34+
negative for CD31, CD90, CD44, and EpCAM. Moreover, the tumor
cells produced after the injection of either parental PLC or CD34+
stem cells expressed Kupffer cell (KC) markers: CD68, lysozyme, and
CD14 in a very high percentage of the population, and did not ex-
press liver sinusoidal endothelial cell (LSEC) markers except CD31.
Oval cells, LSEC and KC are all bone marrow-derived liver cells and
express CD34; however, LSEC and KC express CD31, but oval cells
do not. Moreover, oval cells are positive for OV6, whereas LSEC

and KC are not. Thus, we were surprised by the finding that our
putative LCSC were positive for OV6 and KC markers. In the adult
liver, oval cells are thought to be an unhomogenous population

of primary liver stem/progenitor cells, which are activated during
progenitor-dependent regeneration. The isolated CD34+0V6+
population from parental PLC or cultured CD34+ stem cells also
expressed CD68 as well as CD133, which is not expressed in normal
liver cells, and did not express CD31, EpCAM, CD90, or CD44.
Therefore, we conclude that the CD34+ stem cells that originated
from CD34+0V6+ oval cells have KC characteristics, and function
as LCSC with CD34+0V6+CD133+CD68+ stemness. The CD34+
double positive cells derived from these CD34+0V6+ cells show
tumor initiation capacity and produce well-differentiated CHC. The
tumor cells produced from injecting these CD34+-derived cells

by serial transplantation co-expressed hepatocyte, cholangiocyte,
and Kupffer cell markers as a homogenous population, and the xe-
nografts yielded a well-differentiated CHC tumor with KC markers.
This is the first report that a human CHC appears to be initiated and
developed from CD34+ LCSC which have characteristics common
to both oval cells and KC.

Poster Board Number: T-2070

PURIFICATION AND DEPLETION OF CANCER
INITIATING CELLS CULTURED ON BIOMATERIALS
HAVING NANOSEGMENTS

Huang, Tsung-Min, Huang, Yi-Wei, Ling, Qing-Dong, Higuchi, Akon

Department of Chemical & Materials Engineering, National Central Univ,
Taoyuan County, Taiwan

Tumors contain a small subpopulation of cells, i.e., cancer stem

cells (CSCs, cancer-initiating cells), which exhibit a self renewing
capacity and are responsible for tumor generation. The cancer

stem cells and not normal cancer cells persist in tumors as a distinct
population, and cause relapse and metastasis by giving rise to

new tumors. It is necessary to eliminate only a tiny subset of cells
(0.0001-0.1%, cancer stem cells) that have the ability to generate a
new tumour in cancer patients. If we succeed to develop biomateri-
als where CSCs are depleted or purified from tumor cells, it should
be useful in clinical application. The purified CSCs can be used for
the development of the specific anti-cancer drugs targeting only
the cancer stem cells. We can save tumor patients with low side
effects of medicine and avoid relapse and metastasis. On the other
hand, the depletion of CSCs from tissue should be useful for the
isolation of mesenchymal stem cells or bone marrow cells (hemato-

poietic stem cells) from patient tissue or blood. The mesenchymal
stem cells or bone marrow depleting CSCs can be used for the
stem cell therapy for the patients. Currently, surface markers and/
or gene expression of CSCs are unknown, although CD34+, CD44+,
CD133+, CD166+,Sca-1, Lgr5,and Muc2, etc are suggested. There
are several contrary data suggesting those surface markers and/

or genes are not specific to CSCs. The most promising method to
quantify and identify CSCs is in vivo experiments where the sample
cells are injected into mice subcutaneously, and to evaluate the
tumor generation speed by the injection of the sample cells. In this
study, several colon cancer cell lines (LoVo, Colo205, etc) and pri-
mary colon cancer cells from patients are cultured on tissue culture
dishes (TCPS), extracellular matrix (ECM, collagen type |, fibronectin,
vitronectin, orlaminin) coated dishes, and pluronic-grafted dishes.
The pluronic is polyethylene oxide (PEO)-polypropylene oxide
(PPO)-PEO triblock copolymers where it is reported that hemato-
poietic stem cells efficiently preserved on pluronic-grafted dishes. It
is found thattumor generation of colon cancer cells was enhanced
after the colon cancer cells were cultured on ECM-coated dishes,
which indicates CSCs are enriched. On the other hand, tumor gen-
eration of colon cancer cells decreased after culture of colon cancer
cells on pluronic-grafted dishes. Remarkably, tumor generation

did not observed when primary colon cancer cells were cultured
on pluronic-grafted dishes, which indicates CSCs in primary colon
cancer cells are depleted after culture on pluronic-grafted dishes.
The cells from fat cancer tissues were cultured on pluronic-grafted
dishes, and adipose-derived stem cells (ADSCs) were isolated from
the fat cancer tissues. These cells did not generate tumor on mice,
while the cells can differentiate into osteoblasts, which indicates
ADSCs are safely isolated without contamination of CSCs after
culture on the pluronic-grafted dishes. On the other hand, ADSCs
isolated from fat cancer tissues, which cultured on conventional
TCPS or ECM-coated dishes generated tumor on mice, which indi-
cates ADSCs have contamination of CSCs when the fat cancer cells
are cultured on TCPS or ECM-grafted dishes. It is concluded that the
pluronic-grafted surface deplete cancer-initiating cells (CSCs) from
colon cancer cell lines and primary cancer cells, while CSCs in colon
cancer cells are enhanced by culture on conventional TCPS and
ECM-grafted dishes promote CSCs.

Poster Board Number: T-2071

PROLIFERATION OF HUMAN PLURIPOTENT
EMBRYONAL CARCINOMA STEM CELLS IS
INHIBITED BY CO-CULTURE WITH THEIR
DIFFERENTIATED PROGENY

Gallagher, Michael F.
Histopathology, University of Dublin, Trinity College, Dublin, Ireland

The‘cancer stem cell theory’ proposes that undifferentiated
tumour-initiating cells behave akin to stem cells to both self-renew
and produce the differentiated cells that form the bulk of the
tumour. A high proportion of undifferentiated cells is the main
determinant in defining a high grade tumour with poor prognosis.
In vivo, undifferentiated and differentiated tumour cell types reside
in the same environment. Undifferentiated and differentiated
cancer cells have been isolated from several tumour types and
comparatively analysed in isolation. However, our understanding
of how these different populations may interact in vivo is poor. This
was addressed through PASCA (www.pasca.eu), a European Union
7th Framework funded project aiming to characterise the hetero-
geneous nature of cancers. NTera2 human pluripotent embryonal
carcinoma stem cells were retinoic acid-differentiated for one week.
These cells were then co-cultured with undifferentiated NTera2
cells at ratios of 1:1 or 9:1 to broadly model the in vivo tumour.
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After co-incubation, undifferentiated and differentiated cells were
separated via flow cytometry based on the expression of Stage
Specific Embryonic Antigen 4 (SSEA4). Proliferating undifferenti-
ated (SSEA4+) cells were expected to outgrow terminally differenti-
ated (SSEA4-) cells unless inhibited by the co-culture. Differentiated
and undifferentiated cells mixed at 1:1 and 9:1 ratios could be
immediately correctly discriminated by flow cytometry to approxi-
mately 1:1 or 9:1 proportions based on SSEA4 expression. In 1:1 co-
cultures, SSEA4+ cells outgrew SSEA4- cells over time as expected.
However, two weeks of 9:1 co-culture was sufficient to substantially
slow this proliferation of SSEA4+ cells. Co-culture with two-week
differentiated cells amplified this inhibition, which now took place
earlier. Next, the requirement for cell-cell contact in this inhibition
was assessed. SSEA4+ cells were incubated with conditioned media
from either SSEA4+ or SSEA4- cells. SSEA4+ conditioned media

had little effect on the cells or their SSEA4 flow cytometry profile.
However, after one week, cells treated with SSEA4- conditioned
media had reduced proliferation and increased size compared to
cells treated with SSEA4+ conditioned media. Additionally, incuba-
tion with SSEA4- cell conditioned media shifted the SSEA4 profile
between that of undifferentiated and differentiated cells. Collec-
tively, this data indicates that differentiated cells communicate with
and regulate the growth of their parental undifferentiated cell in

a cancer stem cell model of tumour biology. Regulation requires

an excess of differentiated cells and is amplified as differentiated
cells mature. This effect is partially due to products secreted by
differentiated cells but requires the presence of differentiated cells
for maximum effect. Mechanistic analysis continues and will be
reported upon. The intriguing question of whether embryonic stem
cells are regulated by the differentiated cells in their in vivo environ-
ment remains.

Poster Board Number: T-2072

P53 DEFICIENCY IN MESENCHYMAL STEM CELLS
CONTRIBUTES TO TUMOR DEVELOPMENT BY
SHIFTING IMMUNE MICROENVIRONMENT

Huang, Yin
Institute of Health Sciences, Shanghai, China

Tumor development is often associated with mutations in tumor
suppressor genes. Most studies focus on the alterations by these
mutations in tumor cells, while the changes in stromal cells are
rarely investigated. Mesenchymal stem cells (MSCs) are continu-
ously attracted to tumors and become a key component of the
tumor microenvironment. Recent studies have demonstrated that
MSCs play a critical role in regulating immune responses. However,
whether mutations in tumor suppressor genes in MSCs could af-
fect tumor progression is not known. We isolated MSCs from wild
type and p53 deficient mice and investigated their effect on tumor
growth. We found that wild type MSCs had no effect on tumor
growth. MSCs with the deficiency in p53 significantly enhanced tu-
mor growth in mice with normal immune system, but not in NOD/
SCID mice. Moreover, neither p53 deficient MSCs nor wild type
MSCs affected the proliferation of tumor cells, indicating that the
tumor promoting effect on p537- MSCs is exerted through immune
reactions. Furthermore, p53 deficiency in MSCs leads to elevated
iNOS expression and nitric oxide production when cells were stimu-
lated with inflammatory cytokines interferon-y and tumor necrosis
factor-a. This increase in NO production leads to more prominent
immunosuppression, which could be abolished by iNOS inhibitor
L-NMMA. Taken together, p53 deficiency in MSCs promotes tumor
growth through inhibiting immune response. Modulation of p53
expression in stromal cells is a novel target for cancer therapy.
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A NOVEL PRO-REPROGRAMMING FACTOR, GLIS1,
IS REGULATED BY HYPOXIA-INDUCIBLE FACTOR

Khalesi, Elham', Tanimoto, keiji2, Nakamura, Hideaki®, Fukazawa,
Takahiro', Putrato, Andika Chandra? Imura, Takeshi', Matsumoto,
Masaya', Uwatoko, Hiroyuki', Nakata, Kyousuke', Poellinger,
Lorenz3, Kawahara, Yumi', Yuge, Louis'

'Department of Bio-Environmental Adaptation Sciences, Graduate School
of Health Sciences, Hiroshima University, Hiroshima, Japan, 2Department of
Radiation Medicine, Research Institute for Radiation Medicine, Hiroshima
University, Hiroshima, Japan, *Department of Cell and Molecular Biology,
Karolinska Institute;, stockholm, Sweden

GLI-similar 1 (GLIS1) is a member of Kriippel-like zinc finger tran-
scription factors that are closely related to GLI family. During mouse
embryonic development, GlisT was reported to be expressed in a
temporal and spatial manner; expression was prominent in several
defined structures of mosodermal lineage, including craniofacial
region, branchial arches, somites, vibrissal and hair follicles, limb
buds, and myotomes. In adult mice, GlisT expression was observed
abundant in placenta and adult kidney, and low in testis, thymus,
colon, brain, and adipose tissue. Furthermore, significant induc-
tion of Glis1 expression was observed in psoriatic epidermis and in
mouse skin with the tumor promoter phorbor-12-myristate-13-ac-
etate (PMA) treatment. However, the molecular mechanisms of
regulation of GlisT expression in both physiological and pathologi-
cal conditions are mostly undetermined. Very recently, Glis1 was
demonstrated to enhance markedly the generation of induced
pluripotent stem cells (iPSCs) from both mouse and human fibro-
blasts when it is expressed together with OCT3/4 (POU5F1), SOX2,
and KLF4. DNA microarray analyses revealed that Glis1 effectively
promoted the direct reprogramming of somatic cells during iPSCs
generation through activation of multiple pro-reprogramming
pathways. On the other hand, it was demonstrated that iPSCs
generation was also enhanced in hypoxic condition, although
underlying molecular mechanisms was still unclear. We thus
examineded whether hypoxia regulate GLIS1 expression, and tried
to clarify behind the molecular mechanisms behind this. At first,
variety of cell lines - MCF-7, MDA-MB-231, SK-BR-3 breast cancer
cells; HSC-2, HSC-3, HSC-4, Ca9-22, KOSC-2 oral cancer cells; KD lip
fibroblasts; A549 lung cancer cells; HepG2 liver cancer cells; RCC4/
pcDNA, RCC4/VHL kidney cancer cells; SK-N-BE(2)-C neuroblas-
toma cells; HCT116 colorectal cancer cells - were incubated under
normoxia (21% pO,) or hypoxic conditions (1% pO,) for 24 hours.
Real-time RT-PCR analyses demonstrated that GLIST expressed
relatively higher in MCF-7 and RCC4, and at low levels in other cells
tested. Interestingly, GLIST expressions were dramatically increased
in hypoxic conditions in many cell lines as well as known hypoxia-
induced genes, ADM and CA9 and pro-reprogramming genes,
POUS5F1 and KLF4. Time course experiments showed that expres-
sion of GLIST was gradually increased until 48 hours in hypoxic
MCF-7 cells. Renal cell carcinoma cell line RCC4 is known as a cell
line with inactivated tumor suppressor gene, von Hippel-Lindau
(VHL), resulting constitutive activation of HIF-signaling pathway.
Comparison between parental RCC4/pcDNA and revertant RCC4/
VHL showed that pVHL down-regulated GLIST expression. Fur-
thermore, knock-down experiments demonstrated that inhibition
of HIF-1 abolished hypoxic induction of GLIST expressions. These
results suggest that the VHL-HIF-1 pathway may play a pivotal role
in the generation of iPSCs and/or maintenance of tumor-initiating
cells through promoting expression of pro-reprogramming factor
genes, such as GLIST. Further analyses are now on-going and details
of mechanisms of GLIS1 regulation and function will be presented.
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REGULATION OF CANCER STEM CELL ACTIVITIES
BY IMMUNOLOGICAL NICHE

Jinushi, Masahisa', Chiba, Shigeki', Baghdadi, Muhammad',
Yoshiyama, Hironori', Yagita, Hideo?
"Hokkaido University, Sapporo, Japan, “Juntendo University, Tokyo, Japan

Research background: Tumor microenvironments play a critical role
in regulation of activities and survival of cancer stem cells (CSC)
that are responsible for rendering tumors to resist various antican-
cer modalities. Recent studies have been unveiled that indicate
tumor-associated macrophages (TAM) regulate tumor progression
and metastasis, but it remains unclear whether interplay between
cancer stem cells and immunological niche regulate CSC activities.
Therefore, we evaluated the contribution of TAM in the regula-
tion of tumorigenic activities and anticancer drug sensitivities of
CSC. Experimental results: We used several soluble/cell surface
proteins, such as MFG-E8, IL-6, ariginase-I, CCL-2, IDO,TIM-3,TIM-4
as functional markers produced from TAM because they are

highly produced from TAM and play a critical role in triggering
anticancer drug resistance and tumorigenesis. We verified in this
study that CSC, but not other tumor subsets, could upregulate
TAM-derived tumorigenic factors (referred as TAM-TF) from normal
macrophages. Furthermore, in vivo adoptive cell transfer model
revealed that TAM-TF are responsible for maintaining tumorigenic
activities of CSC, such as self-renewal capacities and anticancer
drug resistance. The pharmacological inhibition of several TAM-TF
with neutralizing antibodies significantly reduced tumor burden
and increased anticancer drug sensitivities of primary human and
murine CSC in preclinical models. Through screening oncogenic
signals responsible for TAM-mediated activation of cancer stem
cells, we found that Stat3 and Hedgehog pathways are responsible
for enriching and activating cancer stem cells in bulk tumor popula-
tions. Significance: We identified positive feedback mechanisms
whereby CSC is responsible for converting normal macrophages
into those with tumor-promoting activities. In turn, CSC-modified
macrophages produced several tumorigenic factors that are critical
to activate self-renewal and tumorigenic activities of CSC. The mo-
lecular targeting of these positive-feedback pathways provides the
new therapeutic strategy to eradicate treatment-difficult tumors
across the broad spectrums of different genetic and epigenetic
alterations.

Germline Cells

Poster Board Number: T-2075

MIR-372/LET-7 AXIS IN HUMAN PRIMORDIAL
GERM CELL SPECIFICATION

Tran, Nam, Kissner, Michael, Laird, Diana, Blelloch, Robert

Eli and Edythe Broad Institute for Regeneration Medicine and Stem Cell
Research, and Center for Reproductive Sciences, University of California - San
Francisco, San Francisco, CA, USA

The embryonic stem cell-specific cell cycle-regulating (ESCC) mi-
croRNA (miRNA) family including miR-372 promotes while the let-7
family inhibits pluripotency. Here we show that during differentia-
tion of human embryonic stem cells (hESC), somatic lineages acti-
vate let-7 and silence the ESCC miRNA family. In contrast, induced
primordial germ cells (iPGC) keep let-7 silenced while retaining
expression of miR-372. Introduction of let7 into differentiating
hESC block iPGC specification, in part due to its ability of to sup-
press Prdm1. In contrast, miR-372 promotes differentiation of hESC
into iPGCs by suppressing targets in multiple cellular processes
including cell cycle, epithelial-mesencymal transition (EMT), and

epigenetic regulation. These same targets were shown previously
to promote reprogramming of human fibroblasts to induced plu-
ripotent stem cells (iPS) uncovering common pathways of miRNA
regulation in these two transitions. These findings identify a novel
role for the ESCC and let-7 miRNAs in regulating cell fate choice
between somatic and germline lineages.
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DERIVATION OF POST MEIOTIC GERM CELLS
FROM HUMAN EMBRYONIC STEM CELLS

Isa, Muhammad L.', Moore, Harry?

'Basic Medical Sciences, International Islamic University Malaysia, (IIUM),
Kuantan, Pahang, Malaysia, 2Biomedical Sciences, Center for Stem Cells Biology,
The University of Sheffield, UK, United Kingdom

Investigating the mechanisms of human primordial germ cell (PGC)
and gamete development is important for understanding the
causes of infertility, effects of chemicals on reproductive develop-
ment and cancer; and may eventually lead to new clinical applica-
tions. The aim of this study was to investigate a monolayer method
to isolate PGCs and later germ cells. Shef hESC lines (Shef 2 and 4)
were cultured on mouse embryonic feeders (MEFs) and allowed to
undergo spontaneous differentiation in medium supplemented
with retinoic acid. Differentiation to germ cells was monitored us-
ing cell surface markers and mRNA expression by Q-PCR. There are
six novels gene meiosis marker being introduced to determine the
differentiated primordial germ cells using Q-PCR. Fluorescent in-
situ hybridization (FISH) has been done to detect the cell undergo
meiosis with random probe. After 4-7 days in culture with retinoic
acid, up to 20% of hESCs displayed a PGC phenotype as deter-
mined by antibody markers (ckit, SSEA-1, VASA, DAZL) although
there was batch to batch variation. After 7 days of culture, there
showed an increase of genes meiosis marker expression in culture
supplemented with retinoic acid. The expression of germ cell-spe-
cific mRNA correlated with proportion of cells exhibiting appropri-
ate surface marker. We manage to get a small population of cells
undergo meiosis using FISH. The cells were then re-cultured using
neonatal mouse testis conditioned media (NMTCM) for 45 days.
After Q-PCR analyses and staining with specific post-meiotic mark-
ers, we managed to identify the positive population of post-meiotic
cells. The culture have been continued using NMTCM added with
spermatogenesis hormones: Follicle Stimulating Hormone, Lutein-
izing Hormone, and Testosterone for 15 days. The development of
post meiotic cells were increased significantly using this approach.

Poster Board Number: T-2077

EVIDENCE OF PRIMORDIAL GERM CELL IN HUMAN
OVARIAN ENDOMETRIOTIC LESIONS

Fraunhoffer, Nicolas A., Meilerman Abuelafia, Analia, Stella, Ines,
Galliano, Silvia, Vitullo, Alfredo D.

CEBBAD, Universidad Maimonides, Buenos Aires, Argentina

Endometriosis is a common gynecological disorder affecting 10%
of all women. This pathology is characterized by dysmenorrhea,
dyspaneuria, pelvic pain, and infertility. In some cases, malignant
transformation occurs in the lesion. Although this disorder was
described in 1860, it still remains an enigmatic disease, mainly in its
etiology. Sampson’s implantation theory is the most accepted ex-
planation on the origin of endometriosis proposing that endome-
trial cells exfoliated during menstruation reflux through the uterine
tubes, adhere to and proliferate at ectopic sites. Recently, the
presence of stem cells in ovarian endometriosis was demonstrated;
these cells could be involved in the progression of the disease and
its malignant transformation. We propose that ovarian stem cells,
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lying in the gonad to renew the germinal mass, initially recruited

to develop into primordial germ cells (PGC), act afterwards in the
disease progression as a consequence of the hormonal environ-
ment of the endometriotic lesion. The main objective of this work
was to search for the existence of PGC at ovarian endometrioma.
Five samples were collected from patients, after obtaining their
informed consent, according to the following criteria: histopatho-
logical diagnosis of ovarian endometriosis, women aged 18 to 35
years old, normal menstrual cycle and no history of any hormonal
therapy. As control samples we used endometrial tissue both in
proliferative and secretory phase (n=2 for each). Samples were
processed by immunohistochemistry and immunofluorescence for:
DDX4, IFITM1, IFITM3, OCT4, SSEA4, Progesterone receptor (PGR),
Estrogen receptor alpha (ESR1), PCNA and CD45. Germ cell markers
IFITM3 and DDX4 were strongly immunostained in clock face-
arranged cells with central nucleolus. These cells also displayed
nuclear signal for ESR1, PCNA and SSEA4 but were negative for PGR,
OCT4 and CD45. Positive cells for PGR, ERS1, OCT4 and PCNA were
found in the stroma of all the endometriotic lesions and endometri-
al control samples. The expression of PGR, DDX4, IFITM1 and IFITM3
was analyzed by RT-PCR from formalin-fixed paraffin embedded
tissue. DDX4, IFITM1, and IFITM3 mRNAs were expressed in all
endometriotic samples but not in endometrial tissues. The pres-
ence of DDX4, IFITM1 and IFITM3 indicates the existence of PGC in
ovarian endometriotic lesions. Additionally, the expression of ESR1
suggests that these cells were probably recruited due to estrogenic
stimulation from ovarian stem cells, with loss of OCT4 activity while
maintaining the expression of SSEA4. These results outline ovarian
endometriosis as a model for studying the renewal of the germinal
mass in the female gonad.
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FUNCTIONAL ANALYSIS OF PIWIL1 IN COMMON
MARMOSET
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Piwi-interacting RNAs (piRNAs) are a distinct class of germline-
specific small non-coding RNAs. piRNAs associate with germ
line-specific Argonaute proteins, or PIWI proteins, to form piRNA-
induced silencing complexes (piRISCs) and function in transposon
silencing. In mice, MIWI (PIWIL1), MILI (PIWIL2) and MIWI2 (PIWIL4)
are classified as PIWI proteins. Mutations in the Piwi genes cause
de-repression of transposons in testes and male sterility. Interest-
ingly, however, each PIWI protein shows distinct expression pattern
through development. MILI expression can be observed starting
from primordial germ cells to round spermatids. MIWI expression
is found in pathytene spermatocytes to round spermatids. MIWI2
are only found from E12.5 to 3 days after birth in G1-phase arrested
gonocytes. In embryonic testis, MILI and MIWI2 are localized in the
pi-bodies and piP-bodies, respectively, both of which are known to
be nuage, germ line-specific, high electron dense granules appear-
ing around the nucleus. On the other hand, in adult testis, MIWI and
MILI co-localize in pi-bodies. In addition, each PIWI associates with
different piRNA populations. Evidence has shown that the piRNA
pathway associates with DNA remethylation in the transposable
elements and also in the paternal imprinted loci in the gonocytes,
like Dnmt3l mutants. Thus, the PIWI-piRNA pathway in mice is
essential for spermatogenesis. Unlike rodents, primates including
humans encode four members of the PIWI genes (through PIWIL1
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to PIWIL4). This may suggest that the PIWI-piRNA-mediated silenc-
ing mechanism in primates differs from that in rodents. However,
the PIWI-piRNA pathway remains to be elucidated. Here, we study
the primate PIWI-piRNA pathway in common marmoset, Callithrix
jacchus. We produced a monoclonal antibody against marmoset
PIWIL1 (an ortholog of MIWI), which we named as MARWI. Im-
munofluorescence analysis showed that MARWI is expressed in
spermatocytes to round spermatids in the juvenile and adult testis,
but not in the neonatal testis. Furthermore, immunoelectron micro-
scopic (iEM) analysis revealed that MARWI is localized nuage-like,
high electron dense granules in the cytoplasm. Immunopurified
MARWI associates with small RNAs of ~30 nucleotides. Currently,
we are engaged in determining sequences of MARWI-associated
piRNAs. We will report characterization of MARWI-associated
PiRNASs.
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DERIVATION OF PRIMORDIAL GERM CELLS FROM
MOUSE EMBRYONIC STEM CELLS IN A GROUND
STATE PLURIPOTENCY.
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Recently, successful derivation of germ cells which showing capac-
ity of fertilization has been reported. However the successful rates
of germ cells are not uniform between each study. In order to apply
the technology of in vitro germ cell production for research of
infertility or clinical treatments, development of the method with
high reproducibility is essential.Now, it has been demonstrated
that the mouse embryonic stem cells (mESCs) show heteroge-
neous populations, in which the gene expressions could be varied
in each individual cell. This characteristic of the mESCs could lead
to susceptibility by culture conditions in undifferentiated status,
and it also could result in low reproducibility when the cells are
induced differentiation into germ cell lineage. In this study, we first
produced a mES cell line containing Oct4deltaPE-GFP construct,
which enables monitoring primordial germ cell derivation by

GFP expression, cultured it in the condition administrated with a
GSK3b specific inhibitor CHIR99021 and a MEK specific inhibitor
PD0325901 (referred as 2i), which forcibly stabilized the mESC plu-
ripotency in a ground state (reffered as 2i-ESCs), and then efficiency
of the germ cell differentiation was evaluated following spontane-
ous differentiation. When observed at day-9 from differentiation
induction, increasing GFP-positive fractions that expressed Mvh
and Stella were observed in the derivative cells from the 2i-ESCs.
However, in the derivatives from control ESCs without 2i treatment
at this time-point, rates of the GFP-positive fraction were signifi-
cantly varied, and marker gene expressions in it were significantly
lower than that of the derivatives of the 2i-ESCs. When transplanted
the day-9-derivative cells from the 2i-ESCs into seminiferous tube
of BBWB-W/Wv mice, successful engraftment and contribution into
the region of a spermatogonia-stage cells could be observed. These
results suggested that the preliminary treatment of the ESCs in

the 2i-added condition to induce ground state pluripotency could
improve the efficiency of the method for germ cell differentiation
induction.
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MIRNA REGULATION ON THE UNDIFFERENTIATED
STATE OF CHICKEN PRIMORDIAL GERM CELLS

Lee, Sang In', Lee, Bo Ram', Hwang, Young Sun’, Lee, Hyung Chul',
Rengaraj, Deivendran’, Song, Gwonhwa', Park, Tae Sub? Han, Jae
Yong'

"WCU Biomodulation Major, Department of Agricultural Biotechnology, Seoul
National University, Seoul, Korea, Republic of, ?Avicore Biotechnology Institute,
Optifarm Solution Inc., Gyeonggi-do, Korea, Republic of

In early germ cell development, primordial germ cells (PGCs) are
should be regulated by transcriptional and post-transcriptional
level with tight spatial and temporal control for the unique char-
acteristics distinguishing themselves from other somatic cells.
MicroRNAs (miRNAs) are small non-coding RNAs, being between
18~25-nucleotides length, that post-transcriptionally regulate tran-
scripts and function by binding with their target mRNA through
base-pairing with the 3'untranslated region (3'UTR). Moreover, in
mouse, it has been known that miRNA biogenesis is critical for the
PGCs development. However, the complex networks of devel-
opmental processes especially in miRNA are less understood in
chicken PGCs. Thus, we identified specifically expressed miRNAs at
the post-transcriptional levels in chicken PGCs and investigated a
PGC-specific miRNA and its function. Here, we generated micro-
array analysis for miRNA expression between 6-day embryonic
primordial germ cells and gonadal somatic cells (GSCs) sorted

by FACS. Based on microarray, we identified ten miRNAs that are
highly expressed in PGCs. Among them, miR-181a* showed the
bi-function by negative regulation on two different transcripts.
Interestingly, by repression HOXAT gene, miR-181a* prevented the
somatic differentiation of PGCs. Also, miR-181a* inhibited PGCs
from entering meiosis by down regulation of NR6A1. Our discover-
ies demonstrate that miRNA contribute to modulating differentia-
tion and maintaining of undifferentiated properties in PGCs.

Poster Board Number: T-2081

LONG-GLUCOCORTICOID-INDUCED LEUCINE
ZIPPER INTERACTS WITH RAS PATHWAY AND IS
ESSENTIAL FOR SPERMATOGENESIS

Bruscoli, Stefano, Di Sante, Moises, Venanzi, Alessandra, Biagioli,
Michele, Sorcini, Daniele, Frammartino, Tiziana, Cimino, Monica,
Bereshchenko, Oxana, Riccardi, Carlo
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In the tightly controlled process of spermatogenesis undifferenti-
ated self-renewing spermatogonia give rise to mature sperma-
tozoa throughout life. The balance between undifferentiated
spermatogonia self-renewal and differentiation maintains normal
spermatogenesis and fertility, but cellular pathways regulating
undifferentiated spermatogonia proliferation, differentiation and
survival are only partially known. Here we show that long-GILZ (L-
GILZ) is highly expressed in spermatogonia and primary spermato-
cytes, and is essential for spermatogenesis. Within first cycles of
spermatogenesis, gilz deficiency in knock out (gilz KO) mice leads
to a complete loss of germ cell lineage, resulting in male sterility.
Spermatogenesis failure is not due to defects in endocrine or stem
cell niche compartments but is intrinsic to germ cells and is associ-
ated with increased proliferation and aberrant differentiation of
undifferentiated spermatogonia, and with hyper-activity of Ras sig-
naling pathway as indicated by increase of Erk and Akt phosphory-
lation. Spermatogonia differentiation does not proceed beyond
the prophase of the first meiotic division due to massive apoptosis

associated with accumulation of unrepaired chromosomal damage.

These results identify L-GILZ as an essential regulator of undifferen-
tiated spermatogonia survival and germ lineage maintenance.
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IN VITRO PROPAGATION OF PRESUMPTIVE
GERM CELLS WITH PRIMORDIAL GERM CELL
CHRACTERISTICS DERIVED FROM MOUSE
INDUCED PLURIPOTENT STEM CELLS
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University, Institute of Development, Aging and Cancer, Sendai, Japan,
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The successful cultivation of germline stem cells (GSCs) from testis
has opened up the possibility of the molecular analyses of mam-
malian spermatogonial stem cells. In contrast, primordial germ
cells (PGCs) transform to the pluripotent state in culture, which has
prevented a detailed investigation of their properties. This study
demonstrates the in vitro expansion of presumptive PGCs derived
from mouse induced pluripotent stem cells (iPSCs), without the re-
acquisition of pluripotency and tumorigenicity. The cells expressed
both migratory and postmigratory PGC marker genes, and retained
the parental genomic imprint. Interestingly, the imprint was erased
in the neonatal testicular environment, suggesting that the devel-
opmental potential of the iPSC-derivatives reflected that of PGCs
which had colonized the genital ridge. The induction and propaga-
tion of cells with PGC characteristics should serve as a conventional
strategy for understanding mammalian germ cell development in
the fetal gonad.
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DAZL IS A KEY REGULATOR OF PLURIPOTENCY IN
THE GERMLINE

Chen, Hsu-Hsin', Bloch, Donald B.2, Chen, Xinje?, Chou, Yu-Fen?,
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Embryonic germ cell lines (EGs) derived from primordial germ cells
(PGCs) are known to exhibit hallmarks of pluripotency, including
teratoma and chimaera formation. This potential is maintained
from E8.5 up to E12.5 in mouse development, at which the PGCs
begin to undergo sexual differentiation. Dazl orthologues are
essential for oogenesis and spermatogenesis across vertebrate
species, and in mice, Dazl was found to be important in multiple
steps of germ cell development, although the underlying molecu-
lar mechanisms are still unclear. Dazl belongs to the DAZ protein
family, which is comprised of three mammalian members: DAZ (De-
leted in Azoospermia), Dazl and Boll (Drosophila boule-like). Each
of these members contains an N-terminal domain with RRM motifs,
which presumably interact with RNAs, and a C-terminal domain
containing one or multiple DAZ motifs with unknown molecular
function. Previous biochemical studies of Dazl were restricted to
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adult testicular lysates, as the inaccessibility and paucity of the
primordial germ cells (PGCs) and gonocytes present a major hurdle
to our understanding of early germ cell development. We have
developed employed an in vitro germ cell differentiation system

to study the protein-RNA and protein-protein interactions of Dazl

in early PGC development. We have identified mRNA transcripts
that interact directly with Dazl and have found that Dazl specifically
regulates the expression of core pluripotency factors, during in
vitro as well as in vivo PGC development. We hypothesise that Dazl
functions as a molecular switch, limiting germline pluripotency and
thus allowing the initiation of meiosis.
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ELUCIDATION OF THE PRIMARY PIRNA PATHWAY
IN DROSOPHILA OVARIAN SOMATIC CELLS
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PIWI proteins, germline-specific members of Argonaute family,
function in RNA silencing in the gonad by associating specifically
with PIWI-interacting RNAs (piRNAs). piRNAs arise mainly from in-
tergenic repetitive elements including transposable elements (TEs)
and their remnants. The PIWI-piRNA complex therefore is able to
silence parental TEs, and also other genes when they show comple-
mentarities to the piRNA sequences. Without the functions of PIWI
proteins and piRNAs, TEs become active, which has great potential
to injure the genome; thus, both PIWI proteins and piRNAs are
essential for maintenance of the genomic integrity and germline
development. piRNAs in Drosophila ovarian somatic cells (OSCs) are
generated only through the primary processing pathway and are
loaded onto Piwi, a member of PIWI proteins. We have previously
shown that primary piRNA biogenesis occurs through cytoplasmic
granules called Yb bodies in OSCs. Both Armitage (Armi) and fs(1)Yb
(Yb) proteins, core components of Yb bodies, are required for piRNA
biogenesis. Armi guides nascent Piwi to Yb bodies by bridging the
two proteins. This association leads the Armi-Piwi complex to be
localized to Yb bodies. Recently, we found that Armi and Yb indi-
vidually associate with piRNA intermediates and that Yb is required
for assembly of the Armi-piRNA intermediate complex, further indi-
cating the functional relevance of Armi/Yb in the piRNA biogenesis.
We also found that Zucchini (Zuc), a member of the phospholipase
D family, is required for primary piRNA biogenesis. Zuc localizes to
mitochondria and plays an indispensable role in Yb body formation.
To further understand the molecular functions of Yb bodies, we
performed mutation analysis of Yb, a putative RNA helicase. A point
mutation introduced in the Yb helicase ATP-binding site affected
Yb body formation and primary piRNA production, suggesting

that the interaction between Yb and putative piRNA precursors is a
crucial step in the primary piRNA pathway. We also performed RNA
fluorescence in situ hybridization (RNA FISH) to determine the intra-
cellular localization of piRNA precursors. A piRNA cluster, flamenco
(flam), gives rise to abundant piRNAs in OSCs. An RNA FISH probe
recognizing the flam transcript detected dot-like flam signals in the
cytoplasm. Double staining with anti-Yb antibodies showed that
the flam signals were often localized adjacent to Yb bodies. These
results suggest that primary piRNA precursors (or intermediates)
are stored near Yb bodies until piRNA maturation finally occurs in
Yb bodies. We are currently investigating how the flam signals in
OSCs are affected by depletion of Armi, Piwi, Zuc and Yb.
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SETTING THE STAGE TO USE DE NOVO
MORPHOGENESIS OF PORCINE TESTES
TISSUE FOR GERM LINEAGE STEM CELL
DIFFERENTIATION.
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Comparative Biology and Experimental Medicine, University of Calgary,
Calgary, AB, Canada

Pluripotent stem cells can differentiate early germ cells in vitro,
providing a model to study germ lineage differentiation and a po-
tential avenue to generate gametes from infertile donors. However,
differentiation beyond early germ cell stages is challenging and
requires the three-dimensional testicular environment. Isolated
testicular somatic and germ cells are able to recapitulate testicular
morphogenesis and form a functional germ line stem cell niche
upon transplantation into an immunodeficient mouse; however,
currently the efficiency of de novo formed tissue supporting sper-
matogenesis is low and needs to be improved to allow study of the
stem cell niche, testis development and to support spermatogen-
esis. This study tested the hypotheses that enrichment of spermato-
gonia prior to grafting or the presence of a scaffold would improve
the formation of seminiferous tubules supporting spermatogenesis.
Methods: Cells were harvested from the testes of 1 week old piglets
by two step enzymatic digestion followed by a 3-step differential
adhesion culture over 72 hours to attain germ cell enrichment. Cell
recovery and viability were recorded and immunocytochemistry
for UCH-L1 and vimentin was used to identify germ cells (UCH-L1 +,
vimentin -) and somatic cells (UCH-L1 -, vimentin +). The enriched
germ cell population (48.7+4.2%) was combined with the initial cell
suspension in six different groups and grafted under the dorsal skin
of castrated SCID mice (6 mice with 1 pellet per treatment group).
Group 1: 50x106 cells containing 5% spermatogonia, Group 2:
50x106 cells containing 25% spermatogonia; Group 3: 50x106 cells
containing 5% spermatogonia in Matrigel with reduced growth
factorstm (MRGF); Group 4: 10x106 cells containing 5% spermato-
gonia in MRGF; Group 5: 10x106 cells containing 25% spermatogo-
nia in MRGF; Group 6: 10x106 cells containing 25% spermatogonia.
The degree of reconstitution of spermatogenic tissue was assessed
by immunohistochemical localization of de novo formed tubules
and germ cells (UCHL-14) in all cross sections of tubular structures
formed 24 weeks after transplantation. Results: GSC enrichment
and the presence of the scaffold providing anchorage to the cells
contributed to increased tubule formation and tubules support-
ing germ cell development when compared to Group 1 (Control
group). Total number of de novo formed tubules and percentage

of tubules supporting spermatogenesis per group was Group 1:
53.663.0, 20.8+9.9%; Group 2: 193.5+£245.8, 35.1+£24.3%,; Group 3:
370.0+468.8, 36.4+13.8; Group 4: 122.6+23.8, 36.6%8.6%; Group 5:
89.3+92.2, 18.3+21.1%; Group 6: 61.3+40.6, 33.5+20.3, respectively.
Despite the large variability encountered in the recovered newly
formed tissue from all groups, the overall results supported the
hypotheses. Therefore, enrichment of germ cells and presence of an
extracellular matrix scaffold improve the efficiency of this bioassay.
Given the high number of cells required to attain enrichment of the
initial cell population the use of treatment 2 may be impractical,
but our results indicate that the presence of MRGF can overcome
germ cell loss and promote sufficient support to improve tubule
formation. Consequently, this approach will provide an efficient
bioassay system to investigate germ cell differentiation from germ
line stem cells as well as from pluripotent cells.
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HISTONE H3K27 DEMETHYLASE
JMJD3 REGULATES THE TURNOVER OF
SPERMATOGONIAL STEM CELLS.

lwamori, Naoki, Matzuk, Martin M.
Pathology and Immunology, Baylor College of Medicine, Houston, TX, USA

During spermatogenesis, epigenetic modifications of the ge-
nome, such as covalent modifications of histone residues, regulate
chromatin structure and transcription and ensure appropriate gene
activation and repression. Recent studies have provided evidence
that modifiers of histone methylation are important for self-renewal
and/or differentiation of stem cells. The renewable population of
cells for spermatogenesis are the spermatogonial stem cells (SSCs).
However, the roles of histone demethylases in spermatogenesis

as well as spermatogonial stem cell renewal and differentiation re-
main elusive. We have discovered that histone H3 lysine 27 (H3K27)
specific histone demethylase, JMJD3 (also known as KDM6B), is
expressed higher in spermatogonial stem cells in culture than in
neonate and adult testis. Expression of Jmjd3 in spermatogonial
stem cells is decreased by removal of glial cell line derived neutro-
phic factor (GDNF), an essential growth factor for self-renewal of
spermatogonial stem cells. Immunofluorecsent staining showed
that JMJD3 localizes to PLZF-positive spermatogonia. Tri-methylat-
ed and di-methylated histone H3K27 that are methylation targets
of JMJD3 formed punctate foci in PLZF-positive spermatogonia. In
addition, H3K27me3 increased in differentiating spermatogonial
stem cells in culture. When Jmjd3 levels were knocked-down in
spermatogonial stem cells, spermatogonial stem cells, surprisingly,
formed more colonies than control. Most colonies formed single, 2-
and 4-aligned colonies when JMJD3 was knocked down, whereas
there are many 8- 16 aligned colonies in the control culture. We also
found some cells were not connected with neighboring cells, even
if they were in same colony. To address the in vivo role of JIMJD3

in spermatogonial stem cells, JMJD3 conditional knockout mice
were generated. Unexpectedly, germ cell specific JIMJD3 knockout
mice were fertile and produced pups even at one year after mating.
When spermatogonia in seminiferous tubule were visualized by
PLZF staining, there were more single spermatogonia in JMJD3
deficient tubules than in control tubules. Cell surface marker analy-
ses revealed that undifferentiated spermatogonia were increased
in JMJD3 null testes. Molecular analyses showed that some genes
expressed in undifferentiated spermatogonia as well as some
genes expressed in differentiating spermatogonia were increased
in the spermatogonia-enriched fraction from JMJD3-deficient
testes. These results suggest that JMJD3 could regulate turnover

of spermatogonial stem cells by repression of dedifferentiation

of spermatogonial stem cells. We believe that our results provide
further information on epigenetic regulation of stem cells as well as
unique regulation of spermatogonial stem cells.
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NICHE-DEPENDENT REGULATION OF GERM CELL
DEVELOPMENT

Ebata, Kevin T., Blaschke, Kathryn, Laird, Diana J.
University of California, San Francisco, San Francisco, CA, USA

The transmission of genetic information from one generation to
the next depends on the production of functional male and female
gametes, the sperm and egg, respectively. Primordial germ cells
(PGCs) are the embryonic precursors of gametes and during devel-
opment, interact with a continuously changing microenvironment
or“niche”. The ability to generate PGCs and subsequently differenti-

ate them to functional gametes in vitro has been challenging, and
identification of niche signals that regulate key maturation steps

in PGC development may facilitate germ differentiation in vitro.
Previous attempts to differentiate embryonic stem cells (ESCs) into
germ cells suggest that development in embryoid body culture
reaches the equivalent of a migratory €9.5 PGC by gene expression
and epigenetic profiling. Using ESCs carrying the Oct4(APE)-GFP
transgene, we similarly obtained a PGC-like (esPGC) population
that was highly enriched for transcripts of PGC-specific genes Stella,
Blimp1, and Nanos3, but late PGC genes Dazl, and Mvh were low at
the transcript level and absent by immunostaining in this popula-
tion. Interestingly, Dazl and Mvh upregulation in esPGCs did not
result even after prolonged embryoid body culture, suggesting
that this microenvironment cannot support the completion of
PGC differentiation. In an attempt to drive further PGC differentia-
tion, we co-cultured esPGCs with somatic gonad & mesenephros
cells (SGM) from embryos. After 3 days in co-culture, esPGCs
up-regulated both DAZL and MVH, indicating that differentiation
of esPGCs to mature PGCs is possible and dependent on the pres-
ence of SGM cells. In vivo, migratory PGCs arrive at the developing
SGM beginning ~e10.5, which is followed by the upregulation of
DAZL and MVH. To determine whether expression of these PGC
maturity markers requires interaction with developing gonads, we
cultured PGCs isolated from €9.75 and 10.5 embryos in the absence
of somatic cells. After 12 or 24 h of culture, DAZL immunostaining
could be detected in 54% of PGCs isolated at e10.5, but only 21%
of €9.75 PGCs, suggesting that the SGM environment confers PGC
competence or directly induces expression of mature markers in
vivo. Through analysis of gene expression in PGCs and SGM, we
have identified candidates for these required maturation cues from
the SGM microenvironment, and are screening these candidates in
embryo-derived as well as esPGCs. Together, the results indicate an
important role for supporting niche cells in regulating PGC devel-
opment both in vivo and vitro.

Hematopoietic Cells

Poster Board Number: T-2088

ERYTHROPOIETIC POTENTIAL IN HUMAN CORD
BLOOD AND ADULT PERIPHERAL BLOOD FOR
TRANSFUSION

Jin, HonglLian', Kim, Han-Soo? Kwon, JaYoung?, Kim, HyunOk?

'Department of Laboratory Medicine, Yonsei University College of Medicine,
Seoul, Korea, Republic of, 2Department of Laboratory Medicine, Cell Therapy
Center, Yonsei University College of Medicine, Seoul, Korea, Republic of,
3Department of Obstetrics and Gynecology, Yonsei University College of
Medicine, Seoul, Korea, Republic of

Blood transfusion is the process of receiving blood products into
one’s circulation intravenously. There are many patients around the
world whose survival depends on safe blood transfusion. Neverthe-
less blood transfusion saves lives, but the transfusion of donated
unsafe blood puts lives at risk because of HIV, hepatitis or other
infections. As a countermeasure, hematopoietic stem cells from
several human organs can be used for certain therapeutic uses as
alternative safe blood source. There are many productive manuals
to obtain mature RBCs from CD34+ hematopoietic stem cells via
in- vitro culture. Among them human cord blood (CB) and adult
peripheral blood (PB) are common adult stem cells for allogeneic
transplantation. Owing of their largest, easily availability, addi-

tion of which contains large amounts of stem cells can be used

to induce RBC maturation and transplantation. Our present study
focused on comparison of CB and PB derived stem cell character-
ization and function test on in-vitro culture system. For experiment
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we obtained five cases of each CB and PB from normal human with
informed consent. Selected CD34+ cells were cultured and charac-
terized by common Giemsa staining, flow cytometery assay, quan-
titative PCR and hemoglobin electrophoresis; we also confirmed
their functions using Hemox Analyzer. Our results from the study
clearly reports that, CB and PB derived CD34+ hematopoietic stem
cells have similar character in same culture conditions, however
they show definitely differences in various gene expression level
and final hemoglobin development. The results support the idea
that CB and G-CSF mobilized PB possess different erythropoietic
potential in-vitro culture system wiliest they express nearly same
characters in some test events.

Poster Board Number: T-2089

CLINICAL OBSERVATION OF 24 CASES OF
PATIENTS UNDERGOING AUTOLOGOUS PURIFIED
BLOOD STEM CELL CD34*FORTREATMENT OF
ANKYLOSING SPONDYLITIS

Wang, Liming, Zhou, Jianjun, Bai, Wen, Li, Ming, Zhong, Zhangiang,
Wang, Qianyun
Cell Therapy Center, 323 Hospital of Chinese PLA, Xi‘an City, China, China

Background: Ankylosing spondylitis (AS) is one kind of chronic and
progressing disease which can relate to the central axis joints and
cause arthropathy and mainly affect pelvic sacroiliac joint, vertebral
column joint and latero-vertebral tissus and is very difficult to be
restrained. Objectives: In order to find a new way to treat AS, we
use purified autologous peripheral blood stem cell CD34+ as treat-
ing method and evaluate its effect. Methods: From November 2008
to October 2011, we collected 24 patients with AS, whose condi-
tions were all consistent with the New York AS diagnostic criteria

in 1984. We got the agreement with patients and his or her family.
There were19 male and 5 female patients. The patients’ ages were
20-40, median 31.5. The courses of disease had been 3 months

to 25 years. In the 24 patients, 20 cases were HLA-B27 positive, 4
cases were HLA-B27 negative, and 15 cases had been treated with
methotrexate, sulfasalazine, diclofebac sodium without good effect
before our treatment. (1) The preparation of purified autologous
peripheral blood stem cell CD34+: We added recombined human
granulocyte stimulating factor(G-CSF, made in Northern China)
150ug-300ug/d for 3 days, hypodermic. After G-CSF mobilizing, us-
ing COBE machine, we collected peripheral blood 100ml, then from
the blood purified CD34+ stem cells by CliniMACS machine, made
the CD34+to (1.0-10.6) X107, and the positive rate 85 per cent
tested by flow cytometry.(2)Treatment method: Took the purified
CD34+ stem cells about (1-3)x107 ,volume 40ml,infused separately
into the patients’ double sides sacroiliac joint cavities (each for

5ml) and along the patients’two sides of erector muscle of spine

in punctiform injected about 30ml . After treatment we instructed
them to enhance article functional training. Except 5 patients

wetre still orally administrated small amount of diclofenac sodim,
sulfasalazine,all the other patients did not use any medicine. Re-
sults: Following up to visit the patients for 3-26 months, we found
the patients that mainly in the cervical part, the waist,the sacroiliac
joints appeared easement of pain, in vertebral column the active
limits were expanded and the consciousness turned much better
than before. Before treatment, 24 cases of patients BASDAI:1.8-13.8,
mean value 4.46+2.66, BASFI:8-78 points,mean value 28.67+18.25.
After treatment, following up for 3 months, we found that the

24 cases of AS patients BASDAI:0.4-4.5, mean value 2.47+1.30;
BASFI:2-66 points,mean value14.29+13.59. We applied EXCELT-TEST
software procedure to do matched-pairs analysis, all the P values
were less than 0.01, post-treatment was obviously better than
prior-treatment.Imaging test of the vertebral column, sacroiliac
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joints did not show clearly change between post- treatment and
prior-treatment. Following up for more than half a year, 14 cases of
patients, we found the above index was still stable. Following up
for more than a year, we found, 4 cases patients that the disease
states were still in stable phase, 20 cases HLA-B27 positive without
turning to negative. After treating all the 24 patients for 3 months,
we tested their blood routine, liver function and kidney function all
appearing normal and no other bad reaction. Conclusion: That us-
ing purified autologous peripheral blood stem cell CD34+ to treat
the patients with AS could relive the patients’ clinical symptom:s,
improve their life quality, and would be a safe and effective method
for treating AS.

Poster Board Number: T-2090

DETERMINING THE EFFICACY OF HUMAN-TRIMS5-
CYP IN INHIBITING A BROAD SPECTRUM OF HIV
VIRUSES WHEN STABLY EXPRESSED IN CD34-
DERIVED MACROPHAGES

Kandarian, Fadi', Malone, Cindy? An, Dong Sung’

"University of California Los Angeles, Los Angeles, CA, USA, *California State
University Northridge, Northridge, CA, USA

Hematopoietic stem cells genetically modified to express anti-HIV
genes can repopulate the immune system, replacing HIV target
cells such as CD4+ T lymphocytes and macrophages. If such cells
express therapeutic genes that halt early steps in the viral life cycle,
HIV replication can be suppressed prior to reverse-transcription
and integration. The HIV host restriction factor, huTrimCyp, was
recently developed and does not occur naturally in humans [1]. It

is believed that huTrimCyp inhibits HIV shortly after viral entry by
binding to capsid proteins and sequestering them for degradation
[2]. My preliminary data indicates that T-cell lines transduced with

a lentivirus vector expressing huTrimCyp showed no short term or
long term cytotoxicity, as well as exhibited a stable gene expression
for a period greater than six weeks in vitro. Furthermore transduced
T-cell lines showed an inhibition of R5- tropic HIV strain greater
than 5 fold when compared to cells expressing ZsGreen alone as
determined by flow analysis of HIV-reporter infected MOLT4 T-cell
line. To that end, | have initiated experiments in CD34+ hemato-
poietic stem cells in order to determine the feasibility of pursuing
huTrimCyp as an anti-HIV gene therapy candidate in vivo. | will also
investigate the ability of vector transduced HIV target cells (e.g. CD4
T lymphocytes, macrophages) to resist infection and inhibit viral
replication in vitro, using X4- and R5-tropic strains of HIV. 1.Neagu,
M-R. et al. Potent inhibition of HIV-1 by TRIM5-cyclophilin fusion
proteins engineered from human components. J. Clin. Invest. 119,
3035-3047 (2009). 2.Nakayama E. E. et al. Anti-retroviral activity of
TRIM5. Rev. Med. Virol.; 20: 77-92 (2010)
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CHARACTERIZATION OF DENDRITIC CELLS
INDUCED FROM HUMAN CORD BLOOD
HEMATOPOIETIC STEM CELLS IN THE SERUM-FREE
CONDITION

Yao, Chao-Ling, Chan, Kuang-Yu, Chan, Yung-Shiang
Dept of Chem Eng & Materials Science, Yuan Ze Univ, Chung-Li City, Taiwan

Dendritic cells (DCs) are the most powerful antigen presenting cells
(APCs) and play a pivotal role in initiating the immune response,
which differentiated from CD133+ hematopoietic stem cells (HSCs).
Hence, we used the ex vivo expanded of hematopoietic stem cells
as a source of DCs, and developed the optimal DCs induction
medium. In the previous study, we had developed a serum-free he-
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matopoietic stem cells expansion system (SF-HSC medium), HSCs

could expand in SF-HSC medium reaching 30-fold within one week.

According to the past researches, several cytokines, especially SCF,
Flt-3 ligand, IL-1(3, GM-CSF and TNF-g, have been identified as es-
sential factors to induce and differentiate HSCs into DCs. Moreover,
we tested the basal media (IMDM, RPMI-1640, M-199, a-MEM,
H3000, DMEM/F12 and DMEM) and twenty-five kinds of serum
substitutes combined with the various concentration of cytokines
to finalize the optimal DC induction medium. Finally, we confirmed
the function and maturation of DCs by the assays of the mixed
lymphocyte reaction (MLR), the ability of endocytosis, specific
cytokines of secretion and the stimulation by lipopolysaccharides.
When DCs become mature (mDCs), the specific surface markers

of mDCs would change (CD1a, CD11¢, CD14, CD40, CD80, CD83,
CD86, HLA-DR, CD45 and CD34), the ability of endocytosis would
be more complete and the ability of stimulation would increase
when co-cultured with CD3+T cells. These results showed that DCs
derived from the serum-free expanded CD133+ HSCs exhibited
both characteristics and functions of DCs. Therefore, we believed
that combination of HSCs serum-free expansion medium and DCs
induction medium would generate large amounts of functional
DCs and would be a promising cell source for the basic research
and translation media in the near future.

Poster Board Number: T-2092

CELLULAR IMMUNE RESPONSE FOLLOWING
HUMAN FETAL LIVER-DERIVED STEM

CELLS TRANSPLANTATION IN CASE OF
DECOMPENSATED LIVER CIRRHOSIS

Khan, Aleem Ahmed', Habeeb, Aejaz', Gunisetty, Sivaram’, Bardia,
Avinash', G, Srinivas?, Raj, Avinash? Pande, Gopal?

'Department of Gastroenterology & Hepatology, Centre for Liver Research

& Diagnostics, Hyderabad, India, *Centre for Cellular and Molecular Biology,
Hyderabad, India

Liver transplantation is the only effective treatment for decom-
pensated liver-cirrhosis. Several factors, such as non-availability of
donors, operative-risks, complications associated with rejection,
usage of immunosuppressive agents, and high cost of treatment,
make this strategy available to only a few people. Hepatic progeni-
tor stem cell transplantation (HSCT) using human fetal liver-derived
stem cells have been shown to be a good alternative to manage
end-stage liver diseases. In this retrospective study, we investigated
safety and efficacy of HSCT by monitoring the T-cell, NK-cell and
cytokines which play major role in cellular immune response and
rejection of chronic decompensated liver cirrhosis patients. A total
of 5 patients with decompensated liver cirrhosis were enrolled in
the study.After giving human fetal liver-derivedEPCAM positive

cell transplantation,T-cell (CD3, CD4 and CD8),NK-cells (CD16)by
flowcytometry and cytokine-levels (IL2, TNF, IFNa, INF@ and IFNy)
by ELISA were monitored four times within a month. Present study
demonstrated that after HSCT patient showed marked clinical
recovery and decline in the MELD score and there was no signifi-
cant variation found in cell mediated response and cytokine levels
between pre and post transplantation.Hence this preliminary study
demonstrated human fetal liver- derived EPCAM positive stem cell
transplantation is safety for end stage liver cirrhosis.

Poster Board Number: T-2093

INTEGRATION-FREE HUMAN INDUCED
PLURIPOTENT STEM CELLS FROM PERIPHERAL
BLOOD MONONUCLEAR CELLS

Chou, Bin-Kuan, Huang, Xiaosong, Ye, Zhaohui, Cheng, Linzhao
Institute for Cell Engineering, The Johns Hopkins University, Baltimore, MD, USA

Human induced pluripotent stem cells (iPSCs) can be derived from
somatic cells by ectopic expression of key factors and are highly
similar to human embryonic stem cells (ESCs). This discovery led to
the generation of patient-specific iPSCs which have unprecedented
value for regenerative medicine, disease modeling and drug
screening. However, iPSC derivation commonly utilizes skin fibro-
blasts, which involves donor skin biopsy and is time-consuming. In
addition, human skin fibroblasts may have been exposed to UV irra-
diation and have increased risk of harboring genetic abnormalities.
Sampling of blood is one of the least invasive but most routinely
performed clinical procedures, making it an ideal cell source for
reprogramming. Additionally, blood cells that are derived from
hematopoietic stem cells (HSCs) in marrow before being released
into circulation may be less exposed to environmental mutagens.
Of the types of blood cells used for reprogramming, CD34+ blood
cells come to mind first because they are enriched for HSCs and
have high proliferation potential. However, CD34+ blood cells are
very rare and the purification is cumbersome. Another concern is
that they may not be feasible for certain diseases like aplastic ane-
mia in which patients have a shortage of CD34+ blood cells. Thus
the generation of iPSCs from a small amount of peripheral blood
mononuclear cells (PB MNCs), with no need of fractionation, would
be a big leap. iPSCs can be established from terminally differenti-
ated circulating T cells expanded from one miilliliter of whole blood.
However, the pre-existing T cell receptor rearrangement may limit
iPSC differentiation ability to the full spectrum of cell linages. Other
researchers also found mice generated from T cell somatic nuclear
transfer are prone to lymphomagenesis, which may complicate

the usage of T cell as a reprogramming source. To find an alterna-
tive, we chose a condition to stimulate myeloid-erythroid growth
from un-fractionated MNCs. After 8-9 days of culture, cells were
under proliferative status, showed erythroblast antigen expression
and were enriched for colony-forming erythroid progenitor cells
(erythroblasts). To assess the reprogramming potential of expanded
erythroblasts, we first compared them with cord blood (CB) CD34+
cells using either retroviruses or episomal vectors. Similar high
efficiencies of iPSC derivation were achieved from either cell type.
Hundreds of TRA-1-60+ colonies can be identified from one million
starting cells in just two weeks by either type of vectors. To be more
definitive, we reprogrammed CD34+ cells and expanded erythro-
blasts from the same adult donor by episomal vectors. The data
showed reprogramming efficiencies were in similar levels although
they are ~50x less than CB cell types. iPSCs derived from two start-
ing blood cell sources are both indistinguishable from ESCs with
respect to cell morphology, expression of surface markers, and the
ability to differentiate in vitro and in vivo. Detailed analysis also indi-
cated they are integration-free. Characterization of gene expres-
sion profile, epigenetic signature and re-differentiation capability
to blood cells is currently underway and will be discussed during
the meeting. Taken together, our data suggest that erythroblasts
from a small volume of PB MNCs are suitable for reprogramming by
integration-free episomal vectors, and may provide an advantage
for generating GMP-compliant iPSC lines for clinical applications.
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FEV CONTROLS HEMATOPOIETIC STEM CELL
DEVELOPMENT VIA FOXC1-ERK
SIGNALING CASCADE

Liu, Feng
Institute of Zoology, Chinese Academy of Sciences, Beijing, China

Production of transplantable haematopoietic stem cells (HSCs)

in vitro either from embryonic or induced pluripotent stem cells
has not yet been successful. Therefore, it is critical to fully under-
stand molecular mechanisms of HSC development in vivo. Recent
evidence suggests that ETS transcription factors play important
roles in HSC development and functions. Fev (Fifth Ewing Variant) is
a member of the ETS family and required for the differentiation and
maintenance of serotonergic neurons in zebrafish and mammals.
However, its role in HSC development remains to be explored. Here
we show that Fev is an important regulator of HSC development in
vertebrates. In fev-deficient zebrafish embryos, HSCs were compro-
mised and fewer T cells were found in the thymus. Genetic analysis
and chemical treatment experiments support a mechanism
whereby Fev regulates HSC development through a novel Foxc1-
ERK pathway. Moreover, experiments with human cord blood show
that Fev is also required for the maintenance and expansion of
primitive HSCs/progenitor cells in human, indicating its conserved
role in higher vertebrates. Finally, we demonstrated that Fev func-
tion in HSCs is distinct from its role in serotonergic neurons in both
zebrafish and mouse systems. Our data indicate that Fev-Foxc1-ERK
signaling is essential for haemogenic endothelium-based HSC
development.

Poster Board Number: T-2095

HUMAN BONE MARROW NON-MESENCHYMAL
MONONUCLEAR CELLS INDUCE TYROSINE
HYDROXYLASE EXPRESSION IN SH-SY5Y CELLS IN
ATIME-DEPENDENT MANNER

Dharmasaroja, Permphan, Phruksaniyom, Chareerut, Issaragrisil,
Surapol
Mabhidol University, Bangkok, Thailand

Background: Excluding mesenchymal stromal cells, the mononucle-
ar cell fraction of the bone marrow composes more than 99% of to-
tal cellular components in the bone marrow. This fraction contains
both hematopoietic and nonhematopoietic cells, which have been
shown to secret trophic or growth factors necessary for neurogen-
esis. This study aimed to investigate the effect of the non-mesen-
chymal mononuclear cell fraction on the biochemical adaptation of
human SH-SY5Y neuroblastoma cells. Methods: The mononuclear
cells were isolated from the bone marrow of three human donors.
After 72 hours of cell plating, non-adherent cells were collected

and plated for another 24 hours. Thereafter, non-adherent bone
marrow mononuclear cell-conditioned medium (BMMC-CM)

was collected. SH-SY5Y cells were divided into three groups: cells
cultured in the BMMC-CM, cells cultured in basal media with 10 pM
retinoic acid (RA), and cells cultured in basal media (control). Cells
were cultured for 4, 7, and 10 days, and media were changed every
other day. Tyrosine hydroxylase (TH) expression in SH-SY5Y cells
was measured using real-time PCR and western blotting. Results:
TH mRNA expression was significantly increased at day 4 in cells
cultured in BMMC-CM, compared to day 7 and 10 (p<0.01 and
0.001, respectively). In contrast, cells cultured in basal media with
RA had a significant TH MRNA level at day 10, compared to day 4
and 7 (p<0.001 for both). At the protein level, TH was undetectable
at day 10 in cells cultured in BMMC-CM; while in RA-treated cells, TH
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was significantly increased at day 7 and remained high at day 10.
Conclusion: Non-mesenchymal mononuclear cells from the bone
marrow have a potential in induction of functional differentiation in
SH-SY5Y cells, but the effect is time-dependent.

Poster Board Number: T-2096

DEPLETION OF HUMAN HEMATOPOIETIC STEM
CELLS WITH A HUMANIZED ANTI-HUMAN
CD117 ANTIBODY: A NON-TOXIC CONDITIONING
REGIMEN FOR ALLOTRANSPLANTATION

Logan, Aaron C.!, Czechowicz, Agnieszka?, Thway, Theingi M2,
Magana, Ivan?, Krampf, Mark R.", Poyser, Jessica', Weissman, Irving
L4, Shizuru, Judith A"

'Division of Blood and Marrow Transplantation, Stanford University, Stanford,
CA, USA, 2Department of Pediatrics, Harvard University, Boston, MA, USA,
3Amgen, Inc,, Thousand Oaks, CA, USA, “Institute of Stem Cell Biology and
Regenerative Medicine, Stanford University, Stanford, CA, USA

Allogeneic hematopoietic cell transplantation (AHCT) is an impor-
tant treatment modality for many malignant and non-malignant
hematologic disorders. Most patients who undergo AHCT are pre-
pared with cytotoxic chemotherapy and/or radiation to eliminate
barriers to donor engraftment. For patients with malignancies, toxic
conditioning agents also play a role in eradicating residual cancer
cells. For patients with non-malignant disorders, conditioning
regimens with no or little toxicity would be preferable. Our group
previously demonstrated that an anti-CD117 (c-Kit) monoclonal
antibody (mAb) eliminates endogenous hematopoietic stem cells
(HSC) and facilitates engraftment of purified donor HSC in a mouse
model of severe combined immunodeficiency (SCID) (Czechowicz
et al,, Science, 2007). Patients with SCID are highly susceptible to
life-limiting infections, and while AHCT is the only effective therapy
for most forms of SCID, treatment-related sequalae provide an
urgent need to improve methods for achieving donor HSC engraft-
ment. Based on our pre-clinical model, we believe anti-CD117 mAb
therapy would be an ideal, minimally-toxic conditioning regimen
for AHCT in SCID children. To that end, we identified a humanized
anti-human CD117 mAb (anti-hCD117) as a potential candidate for
clinical application in AHCT preparation. When human cord blood
or bone marrow derived HSC (Lin-CD34+CD38-CD90+CD45RA-)
were cultured in serum-free media with FIt3 ligand, stem cell factor,
thrombopoietin, IL-3, and IL-6, profound inhibition of cell division
was observed in the presence of 0.1 - 100 ug/mL anti-hCD117. Anti-
hCD117 also inhibited HSC growth and differentiation in a methyl-
cellulose colony assay. To assess in vivo activity of the anti-hCD117
mADb, we determined mAb pharmacokinetics in NOD/scid/IL2Ry-/-
(NSG) mice. We determined that doses between 0.5mg/kg and
3mg/kg provided appropriate maximal concentrations (5.8 - 38.3
ug/mL) and half-lives (10.4 - 12.4 days) for pre-clinical modeling.
NSG mice were hematopoietically humanized on day 2 of life via
facial vein injection of 2000-4000 human HSC following condition-
ing with 100cGy. After permitting hematopoietic stabililzation for 6
months, we evaluated xenochimerism in the peripheral blood (PB)
and bone marrow (BM; via femoral aspirate in anesthetized mice).
Overall human leukocyte chimerism in the BM of 32 mice was a
median 4% (range 0.1 - 51%) with median differential composi-
tion: 13% (0-96%) B lymphocytes, 16.4% (0-95%) T lymphocytes,
0.02% (0-1%) NK cells, 2.5% (0-36%) monocytes, and 3.7% (0-49%)
granulocytes, indicating engraftment of pluripotent HSC. After
treatment with 3mg/kg or 0.5mg/kg anti-hCD117 IV, mice were
depleted of total human chimerism a median 60% (35-100%) in
the PB and 100% (84-100%) in the BM at 6 weeks after treatment,
with >99% depletion of myeloid chimerism in both compartments.
Human HSC and progenitor cells (Lin-CD34+CD117+) in the bone
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marrow comprised 0.4% (0-1.7%) of cells prior to anti-hCD117
treatment, and this decreased to 0% (0-0.1%) 6 weeks after treat-
ment. Addition of alemtuzumab (anti-CD52) facilitated removal of
human lymphoid cells not eradicated by anti-hCD117, but was not
required for human HSC depletion. These studies will lead the way
to minimally toxic AHCT for SCID children, and in a broader view, to
the application of targeted biological therapies that deplete endog-
enous stem cells and facilitate their replacement with allogeneic or
gene-corrected stem cells.

Poster Board Number: T-2097

CD34LINHAEMATOPOIETIC HUMAN ADULT
STEM CELLS FROM BONE MARROW DONORS
ARE POTENT SOURCES FOR THE GENERATION OF
DENDRITIC CELLS

Gaafar, Ameera’, Al-Omar, Hamad M.}, Pulicat, Manogaran S.",
Igniebi, Alia’, Al Mohareb, Fahad? Adra, Chaker’, Al-Hussein, Khalid'
'Stem Cell Therapy Program, King Faisal Specialist Hospital & Research Center,
Riyadh, Saudi Arabia, °King Faisal Cancer Center, King Faisal Specialist Hospital
& Research Center, Riyadh, Saudi Arabia

Background & Objectives: Haematopoietic stem cells (HPSCs) trans-
plantation is the treatment of choice for patients with refractory
leukemia. Addition of adjuvant vaccines may lead to eradication

of minimal residual leukemia and prevention of relapse. Most of
the clinical and experimental protocols have used undifferentiated
bone marrow or CD34+HPSC for the differentiation of dendritic
cells (DCs) but no study conducted so far in human, investigated
the CD34-HPSC as a source for the generation of DCs. Conse-
quently, we hypothesized that CD34-Lin-HPSCs can be a valuable
source for the generation of an effective vaccine when the patients
encountered any relapses. Materials & Methods: CD34+ and
CD34-Lin-HPSCs in bone marrow (BM) samples were sorted from
10 normal donors by flow cytometry. Aldehyde dehydrogenase
(ALDH) activity was detected along with other 4 the expression of
a series of haematopoietic antigens: CD34, CD38, CD45, CD105.
Subsequently, a cocktail of different cytokines [GM-CSF, TNF-a

and IL-4] was used to differentiate the DCs and a subpopulation

of DC expressing CD14-CD1a+ was investigated. Moreover, their
allogeneic stimulatory capacity was tested by a mixed lymphocytes
reaction (MLR). Results: CD34-Lin-HPSCs were characterized and
their haematopoietic capacity was measured by the differentiation
of DC. DC expressing CD1a+CD14- found to co-express surface
molecules such as CD86, CD80, CD83, CD40, HLA-DR. furthermore,
they were found to stimulate allogeneic T cells when tested by MLR
Conclusions: Our study demonstrated that CD34-Lin-HPSCs are effi-
cient source for the generation of DCs expressing CD1a+CD14 and
their antigen presenting ability were comparable to their counter-
parts from CD34+Lin-HPSCs and hold promises in immunotherapy
modality.
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LONG-TERM COMPARATIVE STUDY ON THE
ENGRAFTMENT OF HUMAN HEMATOPOIETIC
STEM CELLS IN SHEEP

Abe, Tomoyuki', Nitta, Suguru? Masuda, Shigeo', Hayashi, Satoshi?,
Nagao, Yoshikazu?, Hanazono, Yutaka'

'Division of Regenerative Medicine, Center for Molecular Medicine, Jichi

Medical University, Tochigi, Japan, University Farm, Department of Agriculture,
Utsunomiya University, Tochigi, Japan, *Division of Fetal Medicine, Department
of Maternal-Fetal and Neonatal Medicine, National Center for Child Health and
Development, Tokyo, Japan

Background: In utero transplantation (IUT) of hematopoietic stem
cells (HSCs) has been pursued as a treatment for congenital hema-
tologic and genetic disorders. Although the engraftment of HSCs
following IUT has been achieved, the levels of donor-cell engraft-
ment have been too low for the treatment of most target diseases.
In order to achieve clinically relevant levels of HSC engraftment, we
have examined two methods in the setting of sheep IUT. One is the
transduction of HSCs with the HoxB4 gene before transplantation,
ie, the expansion of HSCs. The other is the myeloablation of recipi-
ents with busulfan (BU), ie, the expansion of niche. Here, we report
long-term follow-up data regarding the engraftment of human
HSCs in the two (HoxB4 and BU) groups. Methods: We performed
IUT of human cord blood (CB) CD34+ cells (0.32 to 2.4 million) into
the liver of fetal sheep at 45-49 gestational days (full term, 147 days)
at which the immune system is premature. In the HoxB4 group (n
=4), human CB CD34+ cells were transduced with HoxB4 by the P
gene-defective Sendai virus vector for 4 days, and the cells were
transplanted into the fetuses. In the BU group (n =4), BU at 3 mg/
kg (calculated by maternal body weight) had been intravenously
administered to pregnant ewes at 6 days before performing IUT of
intact (neither transduced or cultured ex vivo) human CB CD34+
cells. The BU dose and the timing of administration with BU were
selected in order to result in the desired outcome. As a control
group (n = 6), we transplanted intact human CB CD34+ cells with-
out BU administration. The engraftment of human hematopoietic
cells in the lambs post-IUT was quantitatively evaluated by PCR of
colony-forming units (CFUs) in the bone marrow. Results: The two
methods (the HoxB4-transduction and BU-conditioning) similarly
enhanced short-term engraftments of human HSCs in sheep (up to
3% in terms of the bone marrow CFUs for 5 months post-IUT). At
further time points, human CFUs were not detectable either in the
BU or control group. However, in the HoxB4 group, they were still
detected in 2 out of the 4 lambs at 15 months post-IUT (1-2%), and
in 1 out of the 4 lambs at 40 months post-IUT (2%). No leukemia
developed in any of the sheep in the HoxB4 group at present (at 40
months post-1UT) in our study, unlike high incidence of leukemia
in other large animal studies using a HoxB4-expressing retroviral
vector (Zang et al, JC1 2008;118:1502-1510). Conclusion: In the
context of IUT, although the two methods enhance the short-term
engraftment of human HSCs in sheep (for 5 months), the transduc-
tion of HoxB4 results in longer-term engraftment of those (up to
40 months) compared to the conditioning with BU. These results
imply that a cell-autonomous action would be more effective than
a non—cell-autonomous action for long-term engraftment of HSCs
atleast in sheep.
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HUMAN LEUKEMIC STEM CELLS ESCAPE
CHEMOTHERAPY BY FORMING SUBCLONES IN
DISTICNT NICHES

Hong, Dengli’, Duan, Caiwen?, Shi, Jun3, Chen, Guogiang’

'Key Laboratory of Cell Differentiation and Apoptosis of Chinese Ministry of
Education, Shanghai Jiao-Tong University School of Medicine, Shanghai, China,
2Key Laboratory of Cell Differentiation and Apoptosis of Chinese Ministry of
Education, Ruijin Hospit, Shanghai Jiao-Tong University School of Medicine,
Shanghai, China, *Department of Hematology, Shanghai Jiaotong University
Sixth People Hospital, Shanghai Jiao-Tong University School of Medicine,
Shanghai, China

Failure to eliminate leukemic stem cell (LSC) is presumed to be the
reason why leukemia relapses after chemotherapy. The mechanism
in which LSC escapes chemotherapy remains much unknown. It
has been demonstrated in the previous studies that LSC develops
from pre-leukemic stem cell (pre-LSC) and continually evolve into
multiple sub-clones in concert with disease progress (Hong D, et al.

Science 2008; Ford A, et al. JCI 2009; Anderson K, et al. Nature 2011).

To reveal in the current study how does LSC form sub-clone in the
bone marrow niches and escape chemotherapy, the xenograft leu-
kemic model was established by transplanting acute lymphoblastic
leukemic (ALL) cells into sub-lethally irradiated NOD-SCID IL2Ry™"
mice or anti-CD122 antibody-treated NOD-SCID mice. By applying
dynamic technologies of ex-vivo imaging and immunoassaying,
GFP-labeled leukemic cells were observed to home into the end-
osteal niche in the recipient bone marrow in 24h after intravenous
injection and clonally grow. When the recipients presented clini-
cally manifest disease, these mice were treated with chemotherapy
medicines, Ara-C or/and Daunorubicin, for two to seven days.
Majority of leukemic cells in the bone marrow were killed and con-
sistently minimal cells resided in the BM niches. Interestingly, we
observed that LSC exploited or created distinct niches for refuge in
response to chemotherapy. Leukemic cells preferentially usurped
the normal HSC niche given it was still intact, whereas leukemic
cells created an abnormal stromal niche when the normal HSC
niche was destroyed by leukemic cell infiltration. And the process
was associated with the interaction between leukemic cells and
chemotherapeutic drugs. The residual leukemic cells in the stromal
niches isolated from the recipient BM were capable to reconsti-
tute leukemia in the recipients of serial transplantation, thus were
proved to be LSCs. By analyzing the biopsy samples of ALL patients
who only achieved partial remission after induction chemotherapy,
the abnormal stromal niche was observed surrounding leukemic
cells and associated with poor prognosis. Therefore these studies
have implication for therapeutics of leukemia depending on LSC
eradication.

Poster Board Number: T-2100

STIMULATION OF POOLS OF MURINE
HEMATOPOIETIC AND INTESTINAL STEM CELLS
BY PERORAL INTAKE OF NANJDIAMONDS
COMPLEXES WITH THE CONDITIONED

MEDIUM FROM ALLOGENIC AND XENOGENIC
MESENCHYMAL STEM CELLS CULTURE

Konoplyannikov, Anatoly G.', Konoplyannikov, Michail A.2

'Cell and Experimental Radiation Therapy, Medical Radiological Research
Center, Obninsk, Russian Federation, 2Nanomedicine, The N.l.Pirogov Russian
State Medical University, Moscow, Russian Federation

Nanodiamonds with the sizes of 5-10 nm have been intensively
studied lately as prospective agents for the anticancer drugs deliv-
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ery into tumors. A possibility of nanodiamonds application for the
delivery of other biologically active substances to normal tissues is
not excluded, either. We have found that peroral intake of a suspen-
sion containing complexes of nanodiamonds with the conditioned
medium (CM) from the cultures of mesenchymal stem cells (MSC)
by F1(CBAxC57BI/6) mice activates the pool of hematopoietic

stem cells (HSC). This can be observed by the method of spleen
endocolonies after the total irradiation (y-rays of Co®) of animals in
sublethal doses. We assume that the complexes of nanodiamonds
with CM taken by mice may arrive into the HSC “niches” in the he-
matopoietic tissues and activate (by yet unknown way) HSC being
mainly in the state of proliferative rest. This may result in the tem-
porary increase of the HSC pool, as it is observed for a large group
of radioprotective preparations with the “biological mechanism of
action”. We also studied the radioprotective effect of the complexes
of nanodiamonds with CM from allogenic and xenogenic MSC
cultures by the 30 days post-irradiation survival test of mice under-
gone the lethal dose of y-irradiation. The same stimulation effect of
the perorally-taken complexes of nanodiamonds with CM was also
revealed by the test of “microcolonies” production by the intestinal
stem cells of lethally irradiated mice and by the survival test of
animals during development of the “intestinal form” of radiation
death. Since the experimentally observed radioprotection effects
are undoubtedly accounted for by the stimulation of regenerative
activity of adult stem cells, then the task of primary importance is to
study possible effects of such complexes using other nonradiation
tests, in particular, using their influence on the stem cell-dependent
efficiency of reparative processes accompanying various types of
damages of different organs and tissues.

Poster Board Number: T-2101

CLONAL EXPANSION AND LINEAGE BIAS
OF MOUSE HEMATOPOIETIC STEM CELLS
ARE INDUCED BY PRE-TRANSPLANTATION
CONDITIONING

Lu, Rong', Czechowicz, Agnieszka?, Seita, Jun', Weissman, Irv'
'Stanford Univ, Stanford, CA, USA, 2Children’s Hospital, Boston, MA, USA

Hematopoietic stem cells (HSCs) are identified as cells capable of
reconstituting the entire hematopoietic system upon transplanta-
tion into lethally irradiated recipients. Irradiation conditioning is
used in the vast majority of HSC studies to facilitate HSC engraft-
ment by depleting the recipient’s hematopoietic system. While the
massive loss of hematopoietic cells can be reconstituted by donor
HSCs, it is unclear whether HSC regulation after this severe damage
still resembles that under steady state conditions. Here, we com-
pare HSC lineage commitment at the clonal level after lethal irradia-
tion mediated transplantation, after unconditioned transplantation,
and after c-kit antibody clearance based transplantation, which
eradicates hematopoietic progenitor cells while leaving other
hematopoietic cells intact. Clonal tracking of HSCs was performed
using our recently developed single cell tracking system based on
genetic barcoding and high-throughput sequencing. This experi-
mental system offers high throughput and high sensitivity that al-
lows for the direct examination of HSC clonality and for tracking the
low numbers of HSCs that engraft after unconditioned transplanta-
tion. Our data suggests that HSCs are regulated differently after
conditioned transplantation and after unconditioned transplanta-
tion. After unconditioned transplantation, all donor-derived HSC
clones equally supply the peripheral blood with granulocytes and B
cells, while only a small subset of HSCs supplies T cells. In contrast,
after irradiation mediated transplantation and after ckit antibody
clearance based transplantation, a small subset of engrafted HSC
clones dramatically expands to supply the majority of granulocytes,
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B cells and T cells. This clonal expansion occurs at every step of the
HSC lineage commitment process at week 22 post transplantation.
Moreover, this expansion is unbalanced between myeloid and
lymphoid lineages. In irradiated mice and ckit antibody treated
mice, HSC clones exhibit differential contributions to granulocytes
and B cells, a phenomenon previously identified as “lineage bias”.
However, this myeloid versus lymphoid lineage bias is not present
after unconditioned transplantation. In addition, it is not exhibited
at the progenitor level in irradiated mice. In these mice, HSC clones
that are balanced at the progenitor level exhibit lineage bias at the
mature blood cell stage. This indicates that lineage bias is induced
by clonal expansion downstream of the oligopotent progenitors.
In order to determine whether clonal expansion and lineage bias
involve HSC clones that expand immediately after transplantation,
we examined granulocytes in the peripheral blood at week 4 and
week 8 after irradiation mediated transplantation. These early-
expanded HSC clones are under represented by HSC clones that
undergo expansion at week 22 and are over represented by HSC
clones with lymphoid bias. This suggests that lineage bias in-
duced by pre-transplantation conditioning may be related to time
dependent clonal expansion post transplantation. In summary,
HSCs exhibit clonal expansion and lineage bias after conditioned
transplantation but not after unconditioned transplantation. These
two induced features are associated with each other throughout
the HSC lineage commitment process and are intertwined over
time following conditioned transplantation.

Poster Board Number: T-2102

IGF2 ACCELERATE ERYTHROID DIFFERENTIATION
IN THE MOUSE YOLK SAC

Inoue, Tomoko, Mizuochi, Chiyo, Horio, Yuka, Kulkeaw, Kasem, Lim,
Wai Feng, Cong Tran, Hoang, Sugiyama, Daisuke
Kyushu university, Fukuoka, Japan

In vertebrates, both primitive and definitive hematopoiesis first
occurs in yolk sac (YS), which consists of hematopoietic cells, capil-
lary blood vessels, and endodermal cells. Although hematopoietic
cell fate is extrinsically determined by niche cells, little is known
about its regulation at YS. There was no specific marker to recog-
nize YS capillary blood vessel. We successfully found that lymphatic
endothelium hyaluronan receptor (Lyve-1) is expressed on YS
capillary blood vessels (micro-vessels), but not on arteries and
veins (non-micro-vessels). Single YS cells at E10.5 were prepared by
collagenase treatment and analyzed by flow cytometry. Ter119+
and/or CD45+ cells as “hematopoietic cells’, Ter119-/CD45-/CD31+/
Lyve-1+ cells as “micro-vessels’, Ter119-/CD45-/CD31+/Lyve-1+ cells
as "non-micro-vessels”and Ter119-/CD45-/CD31-/Lyve-1- cells as
“unclassified cells’, which are likely endodermal cells we re sorted
out, following gene expression of hematopoietic cytokines was
examined by real-time PCR. Among several cytokine genes, Insulin-
like growth factor 2 (Igf2) was predominantly expressed at E10.5
YS. In addition, expression level of Igf2 in unclassified cells was 7.0,
9.6 and 15.9 times higher than micro-vessels, non-micro-vessels
and hematopoietic cells, respectively. To further investigate the
function of Igf2 in YS hematopoiesis, neutralizing antibody against
Igf2 was added in vitro culture of YS cells for 6 days. The production
of erythroid progenitor cells (c-Kit+/CD71+), erythroblasts (CD71+/
Ter119+) and mature erythrocytes (CD71-/Ter119+) were decreased
after inhibition of Igf2. Taken together, endodermal cells likely
secrete Igf2, which functions in erythroid differentiation in YS.

Poster Board Number: T-2104

ALCAM MEDIATED CELLULAR INTERACTION
REGULATES MOUSE HEMATOPOIETIC STEM CELL
REPOPULATION AND SELF-RENEWAL

Jeannet, Robin, Cai, Qi, Liu, Hongjun, Vu, Hieu, Kuo, Ya-Huei
City of hope, Duarte, CA, USA

Alcam, which encodes the activated leukocyte cell adhesion mole-
cule (CD166), is a cell surface immunoglobulin superfamily member
mediating homophilic adhesion as well as heterotypic interactions
with CD6. It has recently been shown that Alcam+ endosteal subset
in the bone marrow contain hematopoietic niche cells able to sup-
port hematopoietic stem cell (HSC) activity. We use an Alcam null
mouse model to assess the function of Alcam in HSC differentiation
and self-renewal. We found that Alcam is highly expressed on the
cell surface of long-term repopulating HSC (LT-HSC), multipotent
progenitors (MPP), and is expressed on a subset of granulocyte/
macrophage progenitors (GMP). The frequency and cellularity of
bone marrow LT-HSCs are not altered in Alcam-deficient mice. We
show that the serial-replating potential of Alcam-deficient LT-HSCs
is reduced using a clonogenic colony-forming progenitor (CFC)
assay. We examined the differentiation potential of individual
phenotypic LT-HSC using an in vitro single-cell differentiation as-
say. Our results show that Alcam-deficiency leads to an enhanced
granulocytic differentiation. We performed competitive repopula-
tion assays in vivo followed by secondary transplantation. We show
that Alcam-deficient cells show a transient engraftment enhance-
ment, however, the engraftment is significantly lower upon second-
ary transplantation. These results suggest that the self-renewal
capacity of Alcam-deficient HSC is compromised. We performed

a limiting-dilution transplantation assay and determined that the
frequency of long-term repopulating cells in Alcam-deficient bone
marrow is significantly reduced. We further assessed the engraft-
ment efficiency of limiting numbers of phenotypically purified LT-
HSCs and show that the engraftment efficiency of Alcam-deleted
LT-HSCs is significantly reduced compared to wild type LT-HSCs. We
observed that Alcam-deficient progenitors are significantly more
responsive to SDF-1 chemo-attractant. Collectively, these studies
implicate Alcam mediated cell-cell interaction in the regulation of
HSC self-renewal and migration.

Poster Board Number: T-2105

ANALYSIS OF HEMATOPOIETIC AND
MESENCHYMAL STEM CELL MARKERS FROM
MOUSE YOLK SACIN DIFFERENT GESTATIONAL
STAGES

Pignatari, Graciela Conceicao’, Winck, Caroline Pinho', Esper,
Greysson Vitor Zanatta', Lima, Silvia Amélia Ferreira’, Nascimento,
Nanci?, Miglino, Maria Angélica’, Beltrao-Braga, Patricia Cristina
Baleeiro®

'Stem Cell Laboratory of Veterinary Medical College, University of Séo Paulo,
Sdo Paulo, Brazil, ?Institute of Nuclear and Energy Research, Séo Paulo, Brazil,
3Stem Cell Laboratory of Veterinary Medical College, University of SGo Paulo
and School of Arts, Sciences and Humanities, University of Séo Paulo, Séo Paulo,
Brazil

Yolk Sac (YS) is an embryonic attachment present during vertebrate
development, responsible for embryonic feed during develop-
ment, protein synthesis, phagocytic activity, material transfer and
hematopoiesis. YS derived cells from dogs fetuses were cultured

for a long term without plasticity lost in our lab. SV cells retain the
ability to rapid proliferate and can be differentiated in blood cells,
including lymphocytes, granulocytes, monocytes, erythrocytes and
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megakaryocytes. Thus, they can have a wide spectrum of applica-
tions, including rescuing or recovering of hematopoietic system,
transgenic animal for blood and antibody production, vaccine and
immunotherapy production and other applications. Therefore, in
this project we aim to establish and characterize YS stem cells from
mice in different gestational stages in order to analyze compara-
tively the pluripotency, mesenchymal and hematopoietic stem cell
markers in these cells, morphology and behavior in cell culture.
Swiss mice with 10, 15 and 19 days of gestation were euthanized
and SV were collected in a tube containing PBS plus 5% of antibiot-
ics. After washing, tissues were minced into very small pieces and
submitted to four different culture conditions: 1) DMEM supple-
mented with 20% of FBS, 200 U/ml penicillin, 200 pg/ml strepto-
mycin, 2) DMEM/F12 supplemented with 15% of FBS, 200 U/ml
penicillin, 200 pg/ml streptomycin, 1% L-glutamine, 1% MEM NEAA,
, 1% L-glutamine, 1% NEAA 10*M of 3-mercaptoethanol; 3) DMEM
high glucose supplemented with 7,5% FCS, 200 U/ml penicillin,
200 pg/ml streptomycin, 1% L-glutamine, 1% MEM NEAA, 10“*M of
B-mercaptoethanol; and 4) a-MEM supplemented with 15% of FBS
200 U/ml penicillin, 200 pg/ml streptomycin, 1% L-glutamine, 1%
MEM NEAA, 10*M of 3-mercaptoethanol. The cells were maintained
in a humidified atmosphere of 5% of CO? at 37°C. Fragmented tis-
sues attached in a cell culture dish and start detaching cells usually
after 24 hours, differing just depending on the medium used. Also,
the detached cells kept around tissues or migrate to a point farthest
from the origin to form small colonies which begin to expand. YS
cells were positive for CD45 and CD90 using flow cytometry assay.
The YS cell culture using explants method was achieved satisfacto-
rily by our group. YS cells express cellular markers for mesenchymal
and endothelial progenitor cells, suggesting that this cell popula-
tion could be used to stimuli angiogenesis protocols. Experiments
with these cells are being conducted by our group, also using other
animal species.

Poster Board Number: T-2106

EPIGENETIC REGULATION OF MOUSE
HEMATOPOIETIC STEM CELL AGING

Jeong, Mira, Luo, Min, Sun, Degiang, Ergen, Aysegul, Darlington,
Gretchen, Li, Wei, Goodell, Margaret A.
Baylory College of Medicine, Houston, TX, USA

Hematopoietic stem cell (HSC) Aging is a complex process linked
to number of changes in gene expression and functional decline
of self-renewal and differentiation potential. While epigenetic
changes have been implicated in HSC aging, little direct evidence
has been generated. DNA methylation is one of the major underly-
ing mechanisms associated with the regulation of gene expression,
but changes in DNA methylation patterns with HSC aging have not
been characterized. We hypothesize that revealing the genome-
wide DNA methylation and transcriptome signatures will lead to a
greater understanding of HSC aging. Here, we report the first ge-
nome-scale study of epigenomic dynamics during normal mouse
HSC aging. We isolated SP-KSL-CD150+ HSC populations from 4, 12,
24 month-old mouse bone marrow and carried out genome-wide
reduced representative bisulfite sequencing (RRBS) and identified
aging-associated differentially methylated CpGs. Three biological
samples were sequenced from each aging group and we obtained
30-40 million high-quality reads with over 30X total coverage on
~1.1M CpG sites which gives us adequate statistical power to infer
methylation ratios. Bisulfite conversion rate of non-CpG cytosines
was >99%. We analyzed a variety of genomic features to find that
CpG island promoters, gene bodies, 5'UTRs, and 3'UTRs generally
were associated with hypermethylation in aging HSCs. Overall, out
of 1,777 differentially methylated CpGs, 92.8% showed age-related
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hypermethylation and 7.2% showed age-related hypomethylation.
Gene ontology analyses have revealed that differentially methyl-
ated CpGs were significantly enriched near genes associated with
alternative splicing, DNA binding, RNA-binding, transcription
regulation, Wnt signaling and pathways in cancer. Most interest-
ingly, over 579 splice variants were detected as candidates for
age-related hypermethylation (86%) and hypomethylation (14%)
including Dnmt3a, Runx1, Pbx1 and Cdkn2a. To quantify differen-
tially expressed RNA-transcripts across the entire transcriptome, we
performed RNA-seq and analyzed exon arrays. The Spearman’s cor-
relation between two different methods was good (r=0.80). From
exon arrays, we identified 586 genes that were down regulated and
363 gene were up regulated with aging (p<0.001). For the RNA-seq
analysis, we focused first on annotated transcripts derived from
cloned mRNAs and we found 307 genes were down regulated and
1015 gene were up regulated with aging (p<0.05). Secondly, we
sought to identify differentially expressed isoforms and also novel
transcribed regions (antisense and novel genes). To characterize the
genes showing differential regulation, we analyzed their functional
associations and observed that the highest scoring annotation
cluster was enriched in genes associated with translation, the
immune network and hematopoietic cell lineage. We expect that
the results of these experiments will reveal the global effect of
DNA methylation on transcript stability and the translational state
of target genes. Our findings will lend insight into the molecular
mechanisms responsible for the pathologic changes associated
with aging in HSCs.

Poster Board Number: T-2107

PRE HSCS ARE LOCATED IN INTRA-AORTIC
HEMATOPOIETIC CLUSTERS BEFORE HSC
PRODUCTION IN THE MOUSE EMBRYO

Boisset, Jean-Charles’, Clapes, Thomas', Papazian, Natalie?,
Cupedo, Tom?, Robin, Catherine’

'Cell Biology Department, Erasmus Stem Cell Institute, Erasmus University
Medical Center, Rotterdam, Netherlands, °Hematology Department, Erasmus
University Medical Center, Rotterdam, Netherlands

Hematopoietic Stem Cells (HSCs) are at the foundation of all blood
cells. They are first detected in the dorsal aorta at day (E)10.5 of

the mouse embryonic development. HSCs derive from specialized
endothelial cells capable of hematopoietic cell production and
therefore named hemogenic. HSCs most likely reside in Intra-Aortic
Hematopoietic Clusters (IAHCs) that are attached to the endo-
thelial layer of the aorta. The very low number of HSCs compared
to the very high number of IAHCs, and the earlier appearance of
the IAHCs during development raises several questions. Here, we
performed an in-depth analysis of the IAHCs to determine their
exact cell composition and function. We tested the hematopoietic
potential of the IAHC cells isolated from the aorta of E10.0 embryos
in vitro. We specifically isolated the IAHC cells after intra-aortic injec-
tion of antibodies against c-kit and flow cytometry sorting. c-kit"d"
IAHC cells were further sub-fractionated based on the differential
expression of CD45 and Ly6A(Sca1)-GFP. The four populations (c-
kitsh CD45*°"- Ly6A* o) were tested for B lymphoid, erythroid and
myeloid potentials. We found that IAHCs contain very few erythro-
myeloid progenitors. Most progenitors are in the circulating blood
and in the c-kit"s" CD45* Ly6A- population (similarly to the progeni-
tors found in the yolk sac, fetal liver and placenta). Moreover, no B
progenitors were present in the IAHCs. We then tested in vivo the
pre-HSC potential of the IAHC cells. Pre-HSCs, capable of long-term
and multilineage reconstitution after injection into the liver of
newborn recipients, are present in E9 embryos. Using this assay,
we found that IAHC cells isolated from E10.0 embryos contain
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pre-HSCs at a time when no HSCs can be detected yet (as classically
defined by their ability to reconstitute irradiated wild type adult re-
cipient). Moreover, successful secondary transplantations into wild
type adult recipients demonstrate the maturation of the pre-HSCs
(IAHCs) into fully potent HSCs. In addition, pre-HSCs were c-kithioh
CD45 Ly6A* - or c-kit"sh CD45* Ly6A*. In conclusion, we demon-
strate that IAHCs contain pre-HSCs capable of producing HSCs in
vivo. Such pre-HSC maturation into HSCs might occur in vivo during
the course of embryonic development and be part of the massive
HSC increase observed at mid-gestation in the fetal liver. Our data
highlight the different steps leading to the formation of engraft-
able, and thus therapeutically amenable, HSCs.

Poster Board Number: T-2108

JAK2V617F SUBVERTS MOUSE HEMATOPOIETIC
STEM CELLS BY INCREASING PROLIFERATION AND
DIFFERENTIATION WHILE REDUCING LONG-TERM
SELF RENEWAL CAPACITY

Kent, David G., Li, Juan, Tanna, Hinal, Green, Tony

Haematology, Cambridge Institute for Medical Research, Cambridge, United
Kingdom

Hematopoietic stem cells (HSCs) are a tightly regulated cell popula-
tion ultimately responsible for providing the correct numbers and
types of blood cells throughout life. Imbalances in this regulation
can perturb normal blood cell production and result in malignancy.
Clonal myeloproliferative neoplasms represent an early stage of
such imbalances and identification of the highly prevalent JAK2
V617F mutation provides a powerful tool for observing the process
of stem cell subversion. Recently, our group has generated a
conditional knock-in mouse in which a single copy of the human
JAK2 V617F is expressed under the control of the mouse Jak2 locus.
These mice show modest increases in hemoglobin and platelet
levels, reminiscent of a mild human JAK2 V617F-positive essential
thrombocythemia, together with a 10% transformation rate to
more severe disease (polycthemia vera or myelofibrosis). Surpris-
ingly, both competitive and non-competitive whole bone marrow
transplantation experiments revealed a significant decrease in JAK2
mutant stem cell activity, evidenced most strikingly in second-

ary transplantation studies. Here, we undertook experiments to
characterize the HSC compartment and to understand the stem
cell defect evidenced by whole bone marrow transplantations. The
frequency of HSCs (EPCR+/CD150+/CD48-/CD45+) in JAK2 V617F
mutant animals is reduced and individual HSCs have qualitative
defects when studied in vitro and in transplantation experiments.
Specifically, JAK2 V617F alters the balance of HSC fate choices

in vitro and in vivo, skewing progeny toward differentiation and
proliferation resulting in a loss of HSCs. In aged cohorts, HSCs from
JAK2 V617F mice are not expanded and the relative proliferative
advantage of their progeny is restrained, however the tendency to
differentiate is maintained. Approximately 10% of mice progress to
more severe disease, and together these data suggest that the JAK2
V617F mutation leads to HSC exhaustion, but exposes cells to the
accrual of additional genetic lesions and eventual transformation.

Poster Board Number: T-2109

ROLE OF THE CLASP2 MICROTUBULE PLUS-END
TRACKING PROTEIN DURING MOUSE ADULT
HEMATOPOIESIS

Clapes, Thomas', Boisset, Jean-Charles', Drabek, Ksenija?,
Gutiérrez, Laura®, Akinci, Umut*, Galjart, Niels?, Robin, Catherine'
'Cell Biology Department, Erasmus Stem Cell Institute, Erasmus University
Medical Center, Rotterdam, Netherlands, ?°Oncogenomics Department,
Academic Medical Center, University of Amsterdam, Amsterdam, Netherlands,
3Department of Blood Cell Research, Academic Medical Centre, Sanquin
Research and Landsteiner Laboratory, University of Amsterdam, Amsterdam,
Netherlands, “Cell Biology Department, Erasmus University Medical Center,
Rotterdam, Netherlands

Hematopoietic Stem Cells (HSCs) are at the foundation of the
hematopoietic system in vertebrates. They are multipotent and
capable of self-renewal, which allow the constant production of

all blood cell types throughout life without exhaustion of the HSC
pool. HSCs reside in the bone marrow in specific areas or niches.
HSC fate is controlled by the surrounding microenvironment via
cell-cell or cell-extracellular matrix (ECM) contacts and by the
production of growth factors. Therefore, attachment, migration

and (a)symmetric division are very important for a proper HSC
homeostasis. It is known that the microtubule (MT) cytoskeleton
plays an important role in these processes. However, little is known
about the organization and function of the MT network in HSCs.
Mammalian CLASPs are MT plus-end tracking proteins that play
essential roles in the local regulation of MT dynamics. To determine
the function of CLASP2 in hematopoiesis, we have generated
Clasp2 knockout mice. Adult knockout mice are viable but develop
a severe pancytopenia. We observed, after performing long-term
transplantations, a strong HSC defect in the bone marrow of the
knockout mice, which is partially due to defective homing of
hematopoietic cells to the bone marrow. We also found that the MT
network is impaired in the Clasp2 knockout hematopoietic stem
and progenitor (HSPCs), which results in a cell attachment defect

in vitro, and possibly also in vivo in the bone marrow niche. Finally,
we found that HSC-enriched populations sorted from the bone
marrow of Clasp2 knockout mice (Lin"Sca-1*c-kit*) contain reduced
mRNA levels of c-Mpl (which encodes the thrombopoietin receptor)
and Meis1 (transcription factor regulated by c-Mpl). Both factors are
known to be essential for HSC maintenance. Altogether, we show
that CLASP2-mediated stabilization of MTs is required at multiple
levels for HSC activity, including homing, attachment, and signaling
(via the transcription of essential HSC genes).

Poster Board Number: T-2110

POLYCOMB REPRESSIVE COMPLEX-1
COMPOSITION DETERMINES MOUSE
HEMATOPOIETIC STEM CELL FATE

Klauke, Karin', Bystrykh, Leonid V.", Broekhuis, Mathilde J.C.",
Radulovic, Visnja D.!, Zwart, Erik', Weersing, Ellen’, Wu, Xudong?,
Helin, Kristian?, de Haan, Gerald'

'Biology of Aging, Section Stem Cell Biology, University Medical Centre
Groningen, Groningen, Netherlands, *Centre for Epigenetics, Biotech Research
and Innovation Centre (BRIC), University of Copenhagen, Copenhagen,
Denmark

Adult stem cells have the unique capacity to undergo both sym-
metric and asymmetric divisions, leading to their self-renewal or
differentiation. A precise coordination of these cell fate decisions is
essential to sustain tissue homeostasis. Here we show that different
CBX-associated Polycomb Repressive Complex-1 (PRC1) complexes
regulate the switch between self-renewal and differentiation divi-
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sions in hematopoietic stem cells (HSCs). Among all Cbx proteins,
Cbx7 showed to be highest expressed in long-term HSCs, and its
expression decreased upon differentiation. Overexpression of Cbx7
specifically induced self-renewal divisions of HSCs, and resulted in
development of multiple leukemia-subtypes upon transplantation
in mice. Abrogating its binding to methylated histon 3 or Ring1b,
completely impaired the effect of Cbx7 on HSC self-renewal. Modu-
lation of the PRC1 composition in HSCs via overexpression of Cbx4
or Cbx8, resulted in enhanced differentiation and subsequent HSC
exhaustion.

Using global chromatin occupancy analyses (ChIP-seq) we found
that two alternatives might account for the functional differences
between Cbx7 and Cbx8. First, Cbx8 unique targets showed to be
significantly enriched in genes involved in transcription, signal
transduction, and apoptosis. Second, we did not find unique Cbx7
targets and Cbx7 showed to have lower chromatin binding affinity
than Cbx8 in general. The binding of Cbx7 showed to be signifi-
cantly higher than Cbx8 at only a few genomic positions. These cor-
respond to transcription start sites of genes involved in transcrip-
tion, cell cycle, and development. Together, our results show that
the Cbx-subunit determines PRC1 target selectivity which provides
a key molecular switch between HSC self-renewal and differentia-
tion.

Poster Board Number: T-2111

HOMING OF BONE MARROW AND PURIFIED
TRANSPLANTED STEM CELLS IN MARROW
ABLATED MICE.
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Stem cell-based therapy has been one of the best documented ap-
proaches in regenerative medicine, promising cures for treatment
of a multitude of diseases and disorders. The whole body irradiation
of mice by lethal or sublethal doses represents a model for elimina-
tion of endogenous hematopoiesis and demonstration of eficcacy
of transplantation with hematopoietic cells. Homing is a rapid
process and it is the first and essential step in clinical cell transplan-
tation. A special feature of the intravenously transplanted HSCs and
HPCs is their migration from peripheral blood (PB) to bone marrow
(BM), a process referred to as homing. In our experiments we have
used positively selected bone marrow cells lin- /CD117+ cells that
are presented less heterogenous than the whole bone marrow. We
have performed a histochemical analysis of GFP+ cell engraftment
in the recipient’s tissues. Tissue analyses were performed on day 30
and day 70 after exposure to 9 Gy irradiation and transplantation
of bone marrow cells or lin-/CD117+ (GFP+) cells. After 30 days in
the bone marrow, the transplanted cells were frequently observed
in the vicinity to the endosteum of bone trabeculi Large numbers
of grafted cells entered the thymic parenchyma. Lot of GFP+ cells
engrafted the lamina propria of small intestines and splenic paren-
chyma. On the other hand, GFP+ hematopoietic cells were rarely
observed in the liver. After 70 days, numerous transplanted cells oc-
cupied the core of intestinal villi and splenic nodules in the splenic
white pulp. In the liver, most GFP+ cells differentiated into hepatic
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Kuppfer cells. Transplanted cells differentiated into hematopoietic
cells, lymphocytes and Kuppfer cells. We detected GFP+ gene
expression in the recipient’s tissues using qRT-PCR. Data confirm
colonisation of recipient tissues with transplanted cells on day 30
and day 70 post-transplantation. After bone marrow transplanta-
tion, we detected increased levels of GFP+ in the spleen on day

30, and also in the thymus. On the other hand, transplantation of
lin-/CD117+ cells resulted in the largest accumulation of engrafted
cells in the spleen on day 30 followed by a transient decrease; next
peaks were detectable on day 70 in the spleen and thymus. The
bone marrow, small intestine and liver showed engraftment with
GFP+ cells although their levels did not reach those observed in
the spleen and thymus. Transplantation of lethally irradiated mice
with bone marrow-derived cells supports hematopoiesis and leads
to colonization of diverse organs with grafted cells. Engraftment
efficiency depends on variety factors including number and type of
transplanted cells.

Poster Board Number: T-2112

ROLE OF BMI-1 IN NORMAL MOUSE
HEMATOPOIETIC STEM CELLS AND LEUKEMIC
CELLS

Lam, Yuk Man, Chan, Li Chong, Ng, Ray Kit
Department of Pathology, The University of Hong Kong, Hong Kong, Hong Kong

Hematopoietic stem cells (HSCs) are well-characterized stem cells,
which are able to replenish cells of all lineages in the hematopoietic
system. It is known that Bmi-1, as a core component in polycomb
repressor complex 1, helps to sustain self-renewal and prolifera-
tion of HSCs. Bmi-1 was previously reported as negative regulator
of Ink4a-Arf tumor suppressor gene locus, which is involved in

the regulation of cell cycle in hematopoietic cells. Apart from the
Ink4a-Arflocus, little is known about the cellular targets of Bmi-1,
which presumably play crucial role in self-renewal and differentia-
tion of HSCs. Moreover, aberrant expression of BMI-1 was observed
in human leukemias, suggesting the deregulation of BMI-1 is highly
associated with leukemogenesis, yet its function remains unclear.
In this study, hematopoietic stem cells with Lin'Sca-1*c-Kit* (LSK)
phenotype were isolated from mouse bone marrow and were
subjected to Bmi-1 gene knockdown. Q-RT-PCR analysis showed
that knockdown of Bmi-1 gene leads to de-repression of p16™“ and
p19°"genes, without alteration of other cell cycle regulators and he-
matopoietic lineage genes, in LSK cells, suggesting that Bmi-1 has
limited function on stem cell differentiation. Interestingly, cell cycle
analysis showed that depletion of Bmi-1 drives cells from GO/G1
phase to S phase, which overturns the effect of elevated p716™“ and
p19°% expression in blocking the entry to S phase, suggesting an
alternative mechanism of cell cycle regulation is involved. Colony
forming assay further demonstrated reduced colony forming abil-
ity of Bmi-1 knockdown LSK cells, which indicates defects in their
self-renewal ability. On the other hand, Bmi-T was over-expressed in
HL-60 promyelocytic leukemia cells. Cell proliferation study demon-
strated an increased in total cell number with a higher proportion
of cells in S and G2/M phases. We also found that over-expression of
Bmi-1increased p14* and p19™“* gene expression, which explains
the observed S/G2/M phase progression. Ongoing investigation

is to find out the epigenetic regulation mediated by Bmi-1 on its
target genes for the self-renewal pathway in both normal HSCs and
leukemic cells. By revealing the functional role of BMI-1 in hemato-
poietic system, it provides insight into the development of novel
therapeutic strategies which could potentially eradicate leukemic
stem cells.
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TRANSCRIPTOME ANALYSIS OF PRIMITIVE
STREAK DURING HEMATOPOIETIC COMMITMENT

Tan, Brian, Goh, Michele, Tan, Eileen, Wheelwright, Matthew,
Huber, Tara
Genome Institute of Singapore, Singapore, Singapore

The earliest adult mouse repopulating hematopoietic stem cells
(HSCs) arise from the aorta-gonad-mesonephros (AGM) during
E10.5 of gestation. To further elucidate the molecular mechanism
of HSC development in the AGM, we studied the transcriptome of
the primitive streak as it acquires hematopoietic potential. Primitive
streak cells were isolated from E8.5 Brachyury (Bry)-GFP embryos
via flow cytometry. These cells (Bry+Flk1-) are not yet commit-

ted towards the hematopoietic fate, as observed from the lack of
hematopoietic cells when cultured on hematopoiesis-supporting
OP9 stroma. However these Bry+Flk1- cells can be directed towards
a hematopoietic (erythroid, myeloid and lymphoid) fate or a non-
hematopoietic program by a reaggregation step in the presence of
different culture conditions. By comparing the microarray-derived
transcriptome profiles of these populations after reaggregation, we
identified a group of genes that greatly increase in expression lev-
els as the primitive streak acquires hematopoietic potential. Quan-
titative PCR analysis was used to narrow the list of candidate genes
for further study. We are currently generating inducible knockdown
and overexpression ES lines for one of the candidate genes, to iden-
tify its involvement and functional significance in hematopoietic
development, which we hope to present in this poster.

Poster Board Number: T-2114

DOK2 REGULATES GLOBIN GENE EXPRESSION IN
MOUSE EMBRYONIC ERYTHROPOIESIS

Lim, Wai Feng
Department of Advanced Medical Initiatives, Kyushu University, Fukuoka, Japan

Downstream of tyrosine kinase 2 (Dok-2) reportedly plays an
important role in myeloid cell homeostasis particularly leukemia
suppression and is also one of the novel signaling cascade proteins
stimulated in the activated platelets. The Dok-2 gene has been
obtained from our database in micro-array analysis of c-myb
deficient embryos which impaired fetal liver erythropoiesis. As
Hematopoietic Stem Cells (HSCs) differentiate into erythrocytes,
Dok-2 gene expression was highest in the HSC (CD45+, Sca1+ and
c-kit+) fraction, but declined in erythroid lineage, such as BFU-E,
CFU-E, erythroblasts and mature erythrocytes, suggesting that
Dok-2 gene is involved in erythroid differentiation. We also found
that Dok-2 gene was down-regulated in both HSC and BFU-E
fractions in heterozygous c-myb mutant mice as compare to wild
type. To investigate the role of Dok-2 in erythroid differentiation,
HSC and BFU-E fraction (CD45-, Sca1-, Ter119- and c-kit+) from fetal
liver cells at 14.5 dpc were transfected with Dok-2 siRNA. After 24
hours of siRNA transfection, gene expressions of beta-major-, beta-
minor- and epsilon-globins were up-regulated in BFU-E fraction,
but slightly down-regulated in HSC fraction. Taken together, Dok-2
regulates globin gene expression during erythroid differentiation in
the mouse fetal liver. Key words: Dok-2, Hematopoietic Stem Cells,
Erythropoiesis
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SIRT1 IS DISPENSABLE FOR FUNCTION OF
HEMATOPOIETIC STEM CELLS IN ADULT MICE

Gu, Yansong
EpiMED Research Lab, EpiMed, LLC, Bellevue, WA, USA

SIRT1 is an NAD+-dependent histone deacetylase implicated in

the establishment of the primitive hematopoietic system during
mouse embryonic development. However, investigation of the

role of SIRT1 in adult hematopoiesis has been complicated by high
perinatal mortality of SIRT1-deficient mice (SIRT1-/-). Herein we per-
form a comprehensive in vivo study of the hematopoietic stem cell
(HSC) compartment in adult SIRT1-/- animals and show that, apart
from anemia and leukocytosis in older mice, production of mature
blood cells, lineage distribution within hematopoietic organs and
frequencies of the most primitive HSC populations are comparable
to those of wild type littermate controls. Furthermore, we show
that SIRT1-deficient bone marrow cells confer stable long-term re-
constitution in competitive repopulation and serial transplantation
experiments. Taken together, our results rule out an essential physi-
ological role for cell-autonomous SIRT1 signaling in maintenance of
adult HSC compartment in the mouse.

Poster Board Number: T-2117

ACTIVATED G, SIGNALING IN IMMATURE
OSTEOBLASTS ALTERS THE HEMATOPOIETIC
STEM CELL NICHE IN MICE

Hsiao, Edward’, Schepers, Koen?, Garg, Trit?, Scott, Mark*, Passegue,
Emmanuelle?

'Endocrinology and Metabolism, University of California, San Francisco, San
Francisco, CA, USA, ?University of California, San Francisco, San Francisco, CA,
USA, 3University of California, Berkeley, Berkeley, CA, USA, *Gladstone Institute of
Cardiovascular Disease, San Francisco, CA, USA

Adult hematopoiesis occurs primarily in the bone marrow space
where blood cells closely interact with stromal niche cells, includ-
ing osteoblastic lineage cells. Despite this close association, little

is known about the specific roles of osteoblasts in supporting
hematopoietic stem cell (HSC) function, and how conditions af-
fecting bone formation influence hematopoiesis. Here, we use a
constitutively-active engineered Gs-coupled G-protein coupled
receptor (GPCR) to activate Gs-GPCR signaling in osteoblasts and
assess how the concomitant increase in bone formation impacts
HSC function and blood homeostasis. The Coll(2.3)+/Rs1+ trans-
genic mouse model of fibrous dysplasia of the bone showed a 5-15
fold increase in trabecular bone mass with near complete loss of
the normal bone marrow cavity. The mice showed BM aplasia with
progressive loss of up to 85% of HSC numbers and impaired mega-
karyocyte and erythrocyte development with defective recovery
after myeloablation with 5FU. These blood phenotypes developed
without compensatory extramedullary hematopoiesis. Surpris-
ingly, the loss of HSCs occurs despite a paradoxical expansion of
HSC-supportive niche cells, including osteoblasts, mesenchymal
stem cells, and endothelial cells. Expression analysis showed that
the Col(2.3)+/Rs1+ osteoblasts had decreased expression of key
HSC-maintenance genes, including Sdf1, Vcam1, and Angpt1, ac-
counting for the impaired ability to support HSC function. These
findings indicate that long-term activation of Gs-GPCR signaling in
osteoblasts of the HSC niche decreases HSC-supportive activity and
leads to lineage-specific hematopoietic defects. Our results also
suggest that long-term activation of Gs-GPCR signaling, such as

in medical conditions of excess parathyroid hormone, may lead to
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adverse effects on endogenous HSCs and contribute to hematopoi-
etic disorders such as anemia.

Poster Board Number: T-2118

AGE-SPECIFIC ALTERATIONS IN A NUMBER AND
EFFICIENCY OF CLONING THE STROMAL CELLS-
PRECURSORS OF HEMOPOIETIC AND LYMPHOID
ORGANS FROM EXPERIMENTAL ANIMALS

Lebedinskaya, Olga’, Gorskaya, Juliya?, Nesterenko, Vladimir?

'histology, Acad. E.A. Wagner Perm State Medical Academy, Perm, Russian
Federation, °N.F. Gamaleya’s Scientific-Research Institute of Epidemiology and
Microbiology RAMS, Moscow, Russian Federation

The analysis of specific differences in age-related alterations in the
number of colony-forming cells-precursors of fibroblasts (CFU-F)

in bone marrow, thymus, and spleen of CBA mice, guinea pigs, and
Wistar rats, as well as the efficiency of their cloning (CE-F) was car-
ried out with the use of mathematic method of gradient decline. In
addition, those parameters were examined in SAMP (rapidly aging
animals) and SAMR (with normal rate of aging) murine strains and
in tests with the use of cross heterotopic transplants of bone mar-
row and spleen between the differently aged animals. The study
revealed that reliable decrease in CFU-F number, the morphological
change in their colonies being formed and the efficiency of stromal
cells-precursors’ cloning in all the animals tested were observed in
the course of bone marrow, thymus and spleen aging. Most signifi-
cant and rapid decrease in CFU-F amount was observed in guinea
pig and mouse thymus namely by 75-, and 12-fold, respectively.The
age-specific alteration in CFU-F quantity and their CE-F vary in the
extent of expressiveness, age of the different strains of experimen-
tal animals and in animals of one strain in different organs that
seems to depend on the physiological characteristics, peculiarities
of body aging, life time of animals and functional role of the organs.
Data obtained on the earlier age-specific decrease in the num-

ber of CFU-F in SAMP murine strain (9-12 mo.) as compared with
the SAMR murine strain (16-19 mo.) and experiments with cross
heterotransplants demonstrate that alongside with self age-related
alterations in stromal tissue, the body as a whole influences it while
aging. As far as it is well-known that CFU-F population in spleen
and thymus involves the inducible osteogenic cells and bone mar-
row comprises determinate CFU-F, therefore the results obtained
indicate the possibility of reducing the number of both categories
of stromal precursors due to aging that could be considered as one
of the reasons for age-related osteoporosis. This work was support-
ed by RFBR grant 11-04-96037r_ural_a and administrative body of
Perm Region.
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HOXB4 OVEREXPRESSION INCREASES PRIMITIVE
CORD BLOOD CD34 POSITIVE HEMATOPOIETIC
PROGENITORS CELLS

Allahbakhshian Farsani, Mehdi', Forouzandeh, Mehdi?,
Amirizadeh, Naser?, Soleymani, Masoud', Pourfathollah, Aliakbar’,
Barkhordari, Asgar*

"Hematology and Blood Banking, Tarbiat Modares University Tehran Iran,
Tehran, Iran, Islamic Republic of, 2biotechnology, Tarbiat Modares University
Tehran Iran, Tehran, Iran, Islamic Republic of, *research center, Iranian blood
transfusion organization, Tehran, Iran, Islamic Republic of, “biotechnology,
hamedan medical univerity of science, hamedan, Iran, Islamic Republic of

Background: homeobox B4 (HOXB4) overexpression induces
enhanced self-renewal of murine hematopoietic stem cells (HSCs)
without compromising differentiation or homeostatic regulation
of the HSC pool size. However, the effects of HOXB4 overexpres-
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sion have not been evaluated so far for the expansion of human
cord blood hematopoietic stem cells as well. We asked ourselves
whether HOXB4 overexpression could induce primitive human cord
blood HSCs or not. Material and Method: HSCs were transduced
with lentiviral particle containing HOXB4. HOXB4 over express-

ing HSCs were ex vivo expanded for 8 days. Thereafter, expanded
HSCs were evaluated both phenotypically by flow cytometry and
functionally by clonogenic assay and LT-CIC. Results: HOXB4high
HSCs were more enriched for CD34+ hematopoietic progenitor
populations. Subsequently, clonogenic ability evaluation showed
that the colony formation capacity of HOXB4high HSCs also signifi-
cantly increased relative to control. Thereafter, the results of LT-CIC
showed enrichment of primitive HSCs. Discussion: Altogether, our
findings indicate that expansion of CD34+ hematopoietic progeni-
tors were accompanied with self-renewal divisions of primitive
subpopulation of HSCs. The expansion of primitive HSCs is the most
important goal of ex vivo expansion of HSCs because of very high
capacity of primitive HSCs in treatment of a wide range of hemato-
logic diseases.

Poster Board Number: T-2120

EFFECT OF THE SURFACE DENSITY OF
NANOSEGMENTS IMMOBILIZED ON

CULTURE DISHES ON EX VIVO EXPANSION OF
HEMATOPOIETIC STEM AND PROGENITOR CELLS
FROM UMBILICAL CORD BLOOD

Hsiao, Jui-Hsiang, Higuchi, Akon
National Central University, Jhongli City, Taiwan

Hematopoietic stem and progenitor cells (HSCs) are multipotent
cells that have the specific capacity to self-renew and differentiate
into all type of mature blood cells. Intravenous infusion of HSCs
has been commonly performed to treat patients suffering from
hematological disorders and malignant diseases after radiation
and/or chemotherapy. Umbilical cord blood (UCB) is an attractive
source of hematopoietic stem and progenitor cells (HSCs) for HSC
transplantation. However, the low number of HSCs obtainable from
a single donor of UCB limits direct transplantation of UCB to the
treatment of pediatric patients. In this study, we investigated the
ex vivo expansion of HSCs cultured on biomaterials grafted with
several nanosegments, i.e., polyamine, fibronectin, RGDS, and CS1
(EILDVPST), at several surface densities. No systematic research has
investigated the effect of nanosegment species such as FN, CS1,
RGDS, and segments with amino groups immobilized on culture
dishes on the ex vivo expansion of HSCs. Furthermore, no studies
have examined the effect of the surface density of the nanoseg-
ments immobilized on culture dishes on the ex vivo expansion of
HSCs. In this study, polymers with amino groups were grafted onto
polystyrene dishes at various surface densities, and the effects of
the surface densities of the amino groups on the ex vivo expansion
of HSCs were investigated. Furthermore, polystyrene dishes with
FN, CS1, CS1i, RGDS, RGES, or segments with amino groups were
prepared systematically, and the optimal nano-segments for the
ex vivo expansion of HSCs on the biomaterials were examined. This
is the first study on the effect of the surface density of nanoseg-
ments immobilized on culture dishes on the ex vivo expansion of
HSCs. An amount of grafted amino groups less than 0.80 residual
pumol/cm2 on the dishes was effective for the ex vivo expansion

of HSCs in 2D culture. A high amount of grafted amino groups on
the dishes hindered the ex vivo expansion of HSCs. There was no
direct correlation between fold expansion of HSCs and physical
parameters of the culture dishes, i.e., RMS surface roughness and
water contact angle, while HSCs cultured on dishes containing a
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high concentration of CS1 showed much higher fold expansion of
HSCs and colony-forming units (CFU-GEMM) than those on other
dishes, such as fibronectin-grafted and polyamine-grafted dishes.
These data suggest that the specific interaction between HSCs

and CS1 helps to maintain the pluripotency of HSCs during the

ex vivo expansion of HSCs. CS1 is one of the cell-binding domains
of fibronectin. However, the ex vivo expansion and CFU expan-

sion of HSCs cultured on fibronectin-grafted dishes were less than
those on PS-CS1-H dishes, although the ex vivo expansion and CFU
expansion of HSCs on PS-FN dishes were higher than those on PS
or TCPS. The presentation of specific binding site number of CS1 is
500 times (440,000/880) higher than that of fibronectin at the same
grafting weight density of CS1 and fibronectin on dishes, because
of low molecular weight of CS1 (approximately 880 dalton from
110 [average molecular weight of amino acids] x 8 [No. of amino
acids in CS1]) than fibronectin (440,000 dalton). The presentation of
specific cell-binding domains of CS1 at high concentrations seems
to be important for the signal transduction that promotes the ex
vivo expansion of HSCs.
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FROM HSC-CD34+ CELLS TO OSTEOCLASTIN A
MODIFIED LTC ASSAY

Berardi, Anna C.', Persico, Alessia’, Scianaro, Roberta?, Ciraci, Elisa’,
Cannata, Stefano?, lacone, Antonio’
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Osteoclasts (OCs) are multinucleated giant cells responsible for
bone resorption and play an important role in normal skeletal
remodeling. Recent studies suggest that osteoclasts are important
component of stem cells niche and are involved in the regulation
of haematopoiesis. Since several lines of evidence demonstrate
that osteoclasts derive from haematopoietic CD34 cells, there is
not clear information about the real osteoclast progenitor and its
differentiation. In this study, to investigate osteoclastogenesis, we
developed a 5 week 2-phase culture of human CD34 cells to induce
mature osteoclastogenesis. At the same time we assessed the effect
of a co-culture system of mouse stromal cell line MS-5 and CD34
cells on osteoclastogenesis. In the first 2 week, CD34 cells from PB
were induced to proliferate and to commit to OC by co-culturing
them on MS-5 cells in the presence of the following cytochines: SCF,
FL, TPO and M-CSF. In the next phase (3 weeks), differentiation and
maturation were induced by changing the combination of growth
factors by adding: M-CSF, RANK-L. Differentiation was evaluated by
TRAP staining, and RT-PCR which assessed the expression of c-fms,
RANK, MMP-9. Resorption pit formation was also evaluated. After

5 weeks the output of cell population displayed the full range of
OC differentiation markers. Stimulated CD34 generated functional
OCs that formed extensive resorption lacunae on mineralized
surface. To investigate if the OCs are derived from the monocyte-
macrophage fusion, we analyzed the kinetics of OCs generation
during culture (the CD34 expression and the acquisition of CD14,
M-CSF and RANK-L) by flow cytometry and in-vitro imaging was
performed during the 4°-5° weeks of the modified LTC assay. In this
study, we show that MS-5 is able to induce osteoclastogenesis. Our
system provides a new, robust, and simple methods for investigat-
ing the mechanism of osteoclast development (commitment and
differentiation) from CD34 hematopoietic cells.

Poster Board Number: T-2122

MAINTENANCE AND EXPANSION OF
HEMATOPOIETIC STEM CELLS THROUGH
REGULATION OF WNT AND MTOR PATHWAYS

Huang, Jian, Klein, Peter
Medicine, UPENN, Philadelphia, PA, USA

Hematopoietic stem cells (HSCs) are able to self-renew and differ-
entiate into all blood cell lineages. The signaling pathways that reg-
ulate HSC self-renewal and differentiation are not well understood.
In the bone marrow, HSC self-renewal and lineage commitment
also depend on complex interactions with the microenvironment.
Recent evidence suggests that HSCs reside in a low perfusion,
reduced nutrient niche and that nutrient sensing pathways contrib-
ute to HSC homeostasis. Our published work demonstrated that
GSK3 plays critical roles in HSC homeostasis and is involved in the
Whnt/B-catenin and mTOR pathways. Here we report that suppres-
sion of the mammalian target of rapamycin (mTOR) pathway, an
established nutrient sensor, combined with activation of canonical
Whnt/B-catenin signaling, allows the ex vivo maintenance of human
and mouse long-term HSCs under cytokine-free conditions. We also
show that combining two clinically approved medications that ac-
tivate Wnt/B-catenin signaling and inhibit mTOR lead to expansion
of long-term HSCs in vivo.
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MIR 92A REGULATES THE DIFFERENTIATION OF
CD34+ CELLS VIA CONTROLLING CIRCADIAN
TARGET GENES

Bhatwadekar, Ashay D., Hazra, Sugata', Chaqour, Brahim?, Lee,
Choogon?, Busik, Julia V.#, Grant, Maria B.

'Pharmacology and Therapeutics, University of Florida, Gainesville, FL, USA,
2Department of Cell Biology,, Suny Downstate Medical Center, Brooklyn, NY,
USA, 3Department of Physiology,, Florida State University, Tallahassee, FL, USA,
“Department of Physiology, Michigan State University, East Lansing, MI, USA

The endogenous circadian system via a set of autoregulatory clock
genes drives the rhythm of many physiological and behavioral pro-
cesses. Abnormal expression of clock genes is implicated in many
pathologic disorders like metabolic syndrome, obesity, premature
aging and abnormal sleep cycle. Previously, we reported that the
defects in clock gene expression of endothelial progenitor cells
(EPCs) from Type Il diabetic rats are involved in development of dia-
betic retinopathy. In the present study, we hypothesized that the
differentiation of EPCs towards endothelial cells is under the control
of clock genes and that in diabetes this pattern is altered. CD34*
cells (~95% starting purity) obtained from healthy or diabetic
donors were isolated by flow cytometry. CD34* cells were placed in
either hematopoietic supporting media (Stem cell factor, IL-3, IL-6,
FIt1) or endothelial differentiation media (VEGF, Serum and other
growth factors) and 1) evaluated at 0 hr and 96 hr using a combina-
tion of CD133 and CD144 markers by flow cytometry; 2) sampled
every 4 hr for 4 days to evaluate the expression pattern of the clock
genes (Clock, Bmall, Per1, Per2, Cry1 and Cry2) using qRT-PCR. Using
microarrays, the miRNA signature of differentiating CD34 cells was
compared to early EPCs and outgrowth endothelial cells (OECs).
Data was analyzed using Ingenuity pathway analysis software.
CD34* cells under hematopoietic supporting media rapidly began
expressing the stem cell marker, CD133 (p<0.05) with a significant
decrease in expression of the endothelial marker CD144 (p<0.05)
while exposure to the endothelial supporting media showed a re-
verse trend with a dramatic increase (p<0.05) in CD144 expression.
The mRNA pattern of clock genes, in CD34* cells sampled every 4
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hr showed an increase in amplitude of Bmal1, Per1, Per2, Cry1 and
Cry?2 of oscillations upon differentiation while expression of Clock
remained suppressed. Using specific siRNA to Per2 (2 fold; p<0.05)
and Cry2 (1.5 fold; p<0.05) we observed a reduction in CD133 ex-
pression under hematopoietic supporting conditions. Per2 and Cry2
mRNA showed a complete suppression in OECs, the most differ-
entiated population of the endothelial progenitor cells examined.
Microarray analysis mapped 59 miRNAs in non-diabetic and 56
miRNAs in diabetic EPCs regulating 1372 mRNAs among the three
different populations of EPCs. Further analysis of miRNA target
filter revealed unique 25 miRNAs targeting clock genes. gRT-PCR

to confirm miRNA targets identified in microarray analysis showed
a 50% reduction (p<0.05) in the expression of miR92a in diabetic
CD34*cells. In conclusion, clock genes play a pivotal role in differen-
tiation of CD34+ cells and correcting the period and amplitude of
clock gene oscillations in dysfunctional CD34+ cells may impact
their reparative function in disease states such as type 2 diabetes.
Interventional approach restoring proper miRNA regulation paves
a new therapeutic option for optimizing progenitor cell function
prior to their use in autologous cell therapy.
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TISSUE CHIMAERISM AFTER BONE MARROW CELL
TRANSPLANTATION.

Jaroslav, Mokry', Stanislav, Filip?, Alzbéta, Filipova?, Jifina, Vavrova*,
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Bone marrow (BM) cell transplantation represents a life-saving
treatment for syndromes involving BM failure and thalassemia.

To trace distribution of transplanted cells in the recipient organ-
ism, we utilized transgenic eGFP mice as donors whose cells were
tagged to endogenous vectors. BM ablation in recipient C57BI6/J
mice was induced by whole body lethal irradiation 9.5 Gy that
severely damages haemopoiesis. Irradiated splenectomized or
non-splenectomized mice were rescued by i.v. transplantation of
5x10° bone marrow cells performed 3 hours following irradiation.
Recipient tissues were examined by independent methods (incl.
quantitative PCR, flow cytometry, immunohistochemistry and fluo-
rescent microscopy) to determine the rate of colonisation of tissues
in non-splenectomised and splenectomised mice by transplanted
cells at different survival periods (8 to 180 days). A successful trans-
plantation led to establishment of a stable donor-cell chimaerism in
BM (approx. 80%) and in peripheral blood. Initial low engraftment
in the thymus led to 100% chimaerism after a 180-day survival in
non-splenectomised mice whereas in the small intestine and liver
the highest levels were reached by day 180 in splenectomised mice
(21% and 14% respectively). Results obtained from histological
examination correlated with data obtained from gPCR analysis and
provided detailed information on changes in local distribution of
transplanted cells. In the small intestine, the highest positivity was
observed in the mucosa while the epithelial lining contained only
sporadic GFP* intraepithelial lymphocytes. Stroma of in intestinal
villi contained up to 43% GFP* cell because of a high turnover and
production of new connective tissue cells. Inside the liver parenchy-
ma, cell chimaerism reached 26% after 180 days; GFP* cells partici-
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pated in a turnover of stromal elements incl. endothelial and Ito cell
while hepatocytes remained GFP-negative. BM cells after systemic
i.v. administration do not necessarily engraft homotopically back
to BM. Our data demonstrate BM transplantation induces a stable
post-transplantation chimaerism in several recipient tissues.

Poster Board Number: T-2125

ZINC-FINGER NUCLEASE MEDIATED CORRECTION
OF ALPHA-THALASSEMIA IN IPS

Chang, Chan-Jung, Bouhassira, Eric E.

Medicine, Hematology, Cell biology, Albert Einstein College of Medicine, Bronx,
NY, USA

iPS technology has the potential to provides an unlimited source
of cells for regenerative medicine. Since the first seminal report

in 2006, significant progress has been made toward the develop-
ment of practical applications. For instance, several groups have
developed transgene-free reprogramming methods. In the hema-
topoietic system, one major application would be a cure for the he-
moglobinopathies. Recent reports have demonstrated insertion of
lentivirus carrying a therapeutic beta-globin transgene in iPS from
beta-thalassemia patients, and correction of the mutation caus-
ing sickle cell anemia using homologous recombination. The gene
corrections were demonstrated at the genetic level and evidence
was provided that the correction was functional at the protein or
mRNA levels by differentiating the iPS into erythroid cells. however,
levels of expression were very low because current iPS differentia-
tion protocols yield erythroid cells that express mostly embryonic
and fetal hemoglobin and only trace amounts of beta-globin. We
report here correction of alpha-thalassemia major hydrops fetalis
using zinc finger nuclease mediated insertion of therapeutic globin
transgenes in the AAVST sites within the PPP1TR12C gene on human
chromosome 19. Four types of constructs were tested. With the
best one, which contains the beta-globin miniLCR driving the al-
pha-globin promoter and the alpha-globin gene with its 2 introns,
homozygous insertion in the two copies of the PPP1R12C genes
led to complete correction of chain imbalance in erythroid cells dif-
ferentiated from the corrected iPS (alpha-like/beta-like ratio = 1 and
0.9 respectively in basophilic and orthochromatic erythroblasts).
Because the alpha-globin genes are expressed at very high level in
cells derived from iPS, globin chain measurement could be made
precisely by HPLC in cells where the globin gene are expressed

at their maximum level. ZFN-mediated site specific insertion has
very attractive characteristics for gene therapy in iPS. Firstly, the
risk of insertional mutagenesis is eliminated provided that a “safe
harbor”is identified. Secondly, and equally importantly, the use of
this technology should eventually simplify clinical implementation
because a single set of validated constructs and reagents could be
used to correct the large variety of mutations that cause the hemo-
globinopathies. This presents considerable practical and economic
advantages over having to design and validate custom constructs
for each particular mutation. To determine if AAVS1 is a safe harbor,
we analyzed expression of the 10 closest genes to the site of inte-
gration. We found that transgene insertion at AAVS1 had no effects
on neighboring genes in undifferentiated cells but that it activated
four genes in erythroid cells derived from iPS. Because the level

of activation were relatively small, it is unclear if that disqualifies
the site as a safe harbor. Nevertheless, these results suggest that
additional landing pad should be developed and tested. The major
conclusion of the study is that ZFN-mediated gene insertion is a
very effective method to obtain high-level, quasi normal expression
of globin therapeutic cassettes.
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HISTONE ACETYLTRANSFERASE MORF AND MOZ
ARE ESSENTIAL FOR HEMATOPOIESIS AND SELF
RENEWAL OF HEMATOPOIETIC STEM CELLS

Katsumoto, Takuo, Kitabayashi, Issay

Division of Hematological Malignancy, National Cancer Center Research
Institute, Tokyo, Japan

Myst-type histone acetyltransferases, MOZ (MOnocytic leukemia
Zinc finger; Myst3, KAT6A) and its related MORF (MOz Related
Factor; Myst4, KAT6B), are involved in chromosome translocations
associated with FAB-M4/5 subtypes of acute myeloid leukemia. We
have reported that MOZ is essential for hematopoietic cell develop-
ment and self-renewal of hematopoietic stem cells. To explore the
possibility MORF also plays important roles in hematopoiesis, we
generated Morf-deficient mice with homologous recombination
methods. Morf-/- mice were smaller than their wild-type littermates
and died within 4 weeks after birth on C57BL/6 background. In
Morf-/- fetal liver, Flt3-negative KSL (c-Kit+, Sca-1+, Lineage-) cells
containing hematopoietic stem cells were slightly decreased.
Defects in megakaryopoiesis were also observed. Transplantation
analysis showed that Morf-/- fetal liver cells less efficiently reconsti-
tuted hematopoiesis when compare to wild-type cells. Especially,
contribution of Morf-/- cells to KSLs and myeloid compartments
were decreased in recipient mice. To reveal relationship between
MORF and MOZ in hematopoiesis, we generated double hetero-
zygous (Moz+/-, Morf+/-) mouse. Double heterozygous mice were
smaller than wild-type littermates and died at least 4 weeks after
birth. Number of KSL cells, especially Flt3- KSL cells and common
myeloid progenitors were decreased in the double heterozygous
embryos. The double heterozygous fetal liver cells also displayed
less activity to reconstitute hematopoiesis than Moz+/- or Morf+/-
cells. Since Morf-/- mice were alive at adult on a mixed C57BL/6/
DBA2 genetic background, we investigated adult hematopoiesis

in these mice. Morf-/- mice were smaller than their wild-type lit-
termates and had small number of thymocytes and splenocytes. In
Morf-/- bone marrow, CD34-negative KSLs including hematopoietic
stem cells were decreased. Aged or 5-FU treated Morf-/- mice had
reduced number of hematopoietic stem cells. MORF as well as MOZ
interacts with AML1 and PU.1 that were important for hematopoi-
esis and stimulated transcription of their target genes. These results
suggest that MORF and MOZ play important roles in hematopoi-
ietic lineage cell development and self-renewal of hematopoietic
stem cells, and that they modulate AML1 or PU.1-dependent
transcription.

Poster Board Number: T-2127

THE ROLE OF GH/IGF-I1 DEFICIENCY IN STEM CELL
PROTECTION, RENEWAL AND HEMATOPOIETIC
REGENERATION

Cheng, Chia-Wei', Adams, Gregor B2, Perin, Laura?, Wei, Min*,
Longo, Valter D.*

'Biological Sciences, University of Southern California, Los Angeles, CA, USA, ?Eli
and Edythe Broad Center for Regenerative Medicine and Stem Cell Research,
University of Southern California, Los Angeles, CA, USA, >Childrens Hospital

Los Angeles, Los Angeles, CA, USA, “Davis School of Gerontology, University of
Southern California, Los Angeles, CA, USA

The stem-cell aging hypothesis postulates that aging is caused, in
part, by the loss of functional adult stem cells required for tissue
regeneration and repair. The mechanisms regulating stem cell
stress resistance and its contribution to age-related degenerative
changes, however, remain unclear. Understanding cellular signaling

that can protect the stem cells from chronic toxicity and from being
depleted or exhausted after constantly replenishing damaged tis-
sues may shed a light on stem-cell aging hypothesis and augment
existing chemotherapy and stem-cell transplant therapies. Damp-
ening of IGF-I signaling, via either dietary intervention or genetic
modification, is known to promote longevity in organisms ranging
from yeast to mammals. In this study, we reported the potential
anti-aging and/or rejuvenation effect of low circulating IGF-1 in the
murine hematopoietic system. As in aging, multiple-cycles of che-
motherapy-induced chronic oxidative stress caused long-term stem
cells/progenitors impairment, in addition to the immediate tissue
damages. We hypothesize that GH/IGF-I deficiency can also benefit
the hematopoietic system in overcoming the cumulative long-term
toxicity associated with chemotherapy. Mice with either regular or
manipulated low IGF-I levels were challenged with multiple-cycle
cyclophosphamide (CP) treatments for 4-6 months and their he-
matopoietic system was examined. Preliminary results suggest im-
proved hematopoietic protection or recovery possibly supported
by the enhanced long-term repopulation capacity of the protected
hematopoietic stem cell/progenitors in mice with reduced circulat-
ing IGF-I. Interestingly, a newly discovered type of pluripotent stem
cells, Very-small-embryonic-like (VSEL)(Oct-4+ SSEA-1+Sca-1+Lin-
CD45-) stem cells, was also found to respond to the changes of IGF-I
level. VSEL stem cells are known play an important role in repair of
various tissues. Whether the low-IGF-I recruited VSEL directly supply
the HSCs pool or indirectly repair the stem cell niche and eventually
enhance hematopoietic regeneration, however needs to be further
investigated. The protective effect of low IGF-I was then confirmed
with human amniotic fluid stem cells (hAFSC), as an in vitro model,
to investigate the therapeutic potential of manipulating IGF-I
signaling in human stem cells. Here we present a study linking
stem cell aging with stem cell exhaustion under chronic toxicity of
chemotherapy and demonstrate that reducing IGF-I signaling may
augment cellular stress response and therefore improved hemato-
poietic recovery from long-term chemotoxicity.

Poster Board Number: T-2128

REPROGRAMMING OF COMMITTED ERYTHROID
PROGENITORS TO MAGAKARYOCYTES BY FLI1
AND ERG1 TRANSCRIPTION FACTORS

Kheolamai, Pakpoom', Siripin, Darin?, U-pratya, Yaowalak?,
Chayosumrit, Methichit?, Supokawej, Aungkura*, Manochantr,
Sirikul', Issaragrisil, Surapol®

'Division of Cell Biology, Faculty of Medicine, Thammasat University,
Pathumthani, Thailand, *Siriraj Center of Excellent for Stem Cell Research,
Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand,
3Division of Hematology, Department of Medicine, Faculty of Medicine Siriraj
Hospital, Mahidol University, Bangkok, Thailand, *Department of Clinical
Microscopy, Faculty of Medical Technology, Mahidol University, Bangkok,
Thailand

Megakaryocytes and erythrocytes are derived from common pro-
genitors called megakaryocytic-erythroid progenitor cells (MEPs).
However, megakaryocyte lineages follow a very different gene
expression program and morphological transformation from that
of erythrocyte lineages. Although, previous studies suggest that
transcription factors ERG1 and FLIT might play roles in directing
MEP differentiation toward megakaryocyte lineage, the functions
of these transcription factors in directing and maintaining mega-
karyocyte gene expression program are still not fully elucidated.
To study the roles of ERG1 and FLI1 in directing and maintaining
megakaryocyte gene expression program, we overexpressed Erg1
and Fli1 genes in purified human erythroid progenitor cells (which
are derived from bone marrow and umbilical cord blood mono-
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nuclear cells by magnetic activated cell sorting with the use of
erythrocyte lineage markers, anti-CD71 and anti-glycophorin A an-
tibodies). Phenotypic characteristics of the transformed erythroid
cells were subsequently determined by cell morphology and the
expression profiles of several erythroid and megakaryocyte lineage
markers as well as their ability to form megakaryocyte colonies
under appropriate culture condition. Our results showed that the
percentages of Erg1- and Fli1-overexpressed erythroid cells which
express megakaryocyte-lineage marker CD41 was 27-folds higher
than those of non-transformed erythroid cells (35.7 £ 2.8 % vs. 1.3
+ 0.6 %, P<0.05) after 5 days of culture in megakaryocyte inducing
medium. In addition, the morphology of the overexpressed Fli1 and
Erg1 erythroid cells was change from small cells with high nuclear/
cytoplasmic ratio (which are typical for erythroid) to large multi-nu-
cleated cells that expressed megakaryocyte specific marker, glyco-
protein lIb/llla while the morphology of non-transformed erythroid
cells were remain the same. Moreover, the transformed erythroid
cells could also generate several megakaryocyte colony-forming
units under collagen-based megakaryocyte culture condition while
non-transformed erythroid could not generate any megakaryo-
cyte colonies under the same condition. In conclusion, our study
indicates that both FLI1 and ERG1 play critical roles in directing
MEP differentiation toward megakaryocyte lineage. Moreover, the
expressions of Fli1 and Erg1 genes are sufficient to reprogrammed
committed erythroid cells to megakaryocytes as determined by
morphology, the expression profile of megakaryocyte specific
marker and their ability to form megakaryocyte colonies under ap-
propriate culture condition. The function of these reprogrammed
erythroid cells is currently investigated.

Poster Board Number: T-2129

SAFETY AND SEIZURE CONTROL IN PATIENTS
WITH MEDICALLY REFRACTORY MESIAL
TEMPORAL LOBE EPILEPSY TRANSPLANTED WITH
AUTOLOGOUS BONE MARROW MONONUCLEAR
CELLS

DaCosta, Jaderson C.', Portuguez, Mirna W.", Schilling, Lucas P.',
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Silvia', Marinowic, Daniel?, Soder, Ricardo', Garicochea, Bernardo'

'Instituto do Cérebro PUCRS, Porto Alegre, Brazil, ’Instituto de Pesquisas
Biomédicas PUCRS, Porto Alegre, Brazil

Temporal lobe epilepsy (TLE) is a highly prevalent syndrome in
patients with seizures and it is usually refractory to drug treatment.
Anatomical and physiological changes are often present in patients
with TLE such as mesial temporal sclerosis (MTS) characterized

by extensive cell loss, reactive gliosis, mossy fiber sprouting and
neurogenesis in the hippocampus and para-hippocampal struc-
tures. Hippocampal sclerosis can be verified by magnetic resonance
imaging (MRI). Stem cells are proven to have the ability to reduce
seizure frequency and to preserve the hippocampal neuronal
networks in experimental model of chronic epilepsy. The aim of this
study is to verify the safety and the therapeutic potential of bone
marrow mononuclear cells (BMMC) transplantation on seizure
control in patients with medically refractory mesial temporal lobe
epilepsy (MTLE). To be eligible, patients had to be at least 18 years
old and have to be diagnosed as MTLE according the Commission
report of the International League Against Epilepsy. They were
submitted to neurological evaluation, MRI study with hippocampal
volumetry, 72 hour- VideoEEG for epileptic seizure recording and
laboratory tests. Also, patients were evaluated with a standardized
neuropsychological test battery, focusing on verbal and nonverbal
memory domains, consisting of the Wechsler Memory Scale-
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Revised, the Rey Auditory Verbal Learning Test, and the Rey Visual
Design Learning Also, patients were evaluated with a standardized
neuropsychological test battery, focusing on verbal and nonverbal
memory domains, consisting of the Wechsler Memory Scale-Re-
vised, the Rey Auditory Verbal Learning Test, and the Rey Visual De-
sign Learning Test. All patients who fulfilled selection criteria were
invited to take part. After informed consent those with seizures
originating in one temporal lobe that had consistent data from MRI
and neuropsychological tests showing convergence for the same
side, underwent BMMC transplant by selective posterior cerebral
artery catheterism. This study was approved by Ethics Committee
from our institution and National Committee on Ethics in Research
and it is registered on www.clinicaltrials.gov (NCT00919266). All
patients who fulfilled selection criteria were invited to take part.
After informed consent those with seizures originating in one
temporal lobe that had consistent data from MRI and neuropsycho-
logical tests showing convergence for the same side, underwent
BMMC transplant by selective posterior cerebral artery catheterism.
This study was approved by Ethics Committee from our institution
and National Committee on Ethics in Research and it is registered
on www.clinicaltrials.gov (NCT00919266). Twenty patients have
already undergone this procedure. Fourteen patients were submit-
ted to 3 and 6 months follow-up. After a follow-up of 6 months,
nine patients (64.3%) were free of disabling seizures (Engel’s Class
1). There were no complications related to the procedure. No ad-
ditional lesions were detected on MRI. Also, no significant hippo-
campal volumetric change was observed. The EEG analysis showed
a decrease of theta activity and spike density. Given these data

we believe that BMMC autologous transplant for the treatment of
MTLE is indeed feasible and seems to be safe so far. Seizure control
achieved in this first experience gives us a very promising path in
therapeutic potential of stem cells transplant in this population.

Poster Board Number: T-2130

NERVE GROWTH FACTOR IN COMBINATION
WITH COLLAGEN HAS NOVEL ACTIVITIES IN
PRESERVING GROWTH FACTOR-ACTIVATED
HEMATOPOIETIC STEM CELL SURVIVAL AND
EXPANSION IN VITRO

Knapp, David JHF', Wohrer, Stefan', Rowe, Keegan', Copely,
Michael, Benz, Claudia’, Oostendorp, Robert A.2, Eaves, Connie J.!
'Terry Fox Laboratory, Vancouver, BC, Canada, ?lll Department of Internal
Medicine, Klinikum Rechts der Isar der Technischen Universitdt Miinchen,
Munich, Germany

Background: Many conditions have been found to stimulate the ex-
pansion of cells with long term hematopoietic repopulating ability,
but conditions that preserve durable self-renewal remain elusive.
We have previously shown that hematopoietic stem cells (HSC)
from adult mouse bone marrow stimulated to divide in single-

cell serum-free cultures execute a limited number of self-renewal
divisions in the presence of 300 ng/mL Steel Factor + 20 ng/mL
IL-11. However, only 40% of cells in highly purified HSC suspensions
survive and form clones, and the yield of HSCs with durable self-
renewal activity after one week is <10%. Medium conditioned by
murine UG-26 fibroblasts (CM) improves both of these endpoints. It
was therefore of interest to identify the responsible factors. Meth-
ods: Affymetrix array analysis was performed on RNA obtained
from highly purified HSCs (CD45+EPCR+CD150+CD48-,“E-SLAM”
cells, ~ 50% HSCs) before and after their incubation for 6 hours

in CM only, in CM+100 ng/mL SF+20 ng/mL IL-11 (+GFs), or +GFs
only. We then used the GO classifier to identify “receptor activity”
transcripts in fresh ESLAM cells and “extracellular region” transcripts
in UG26 cells (data online at GSE11589) to identify factors secreted
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by UG26 cells that had a putative receptor on ESLAM cells. Evidence
of differential pathway activation in the presence of factors in CM
was obtained by comparing ESLAM cells stimulated +CM (+GFs).
For clonogenic assays, single ESLAM cells were sorted into each
well of a 96-well plate +GFs and one or more candidate CM factors.
Input cells were then scored for their ability to generate >=10 cells
after >=1 week. HSCs in 7-day cultures initiated with 30 ESLAM
cells were quantified in limiting dilution transplant assays using
congenic, sublethally irradiated W41/W41 recipients (3 dilutions/
experiment) and detection of positive mice 16 weeks later (mice
with >1% donor-derived circulating WBCs and a >=1% donor con-
tribution to the myeloid WBCs). Results: We identified transcripts for
172 "extracellular region” proteins in the UG26 cells for which there
were also matching transcripts in the fresh ESLAM cells for one or
more interacting proteins. Of the 430 tested Reactome pathways
surveyed, we found 250 for which some members showed signifi-
cantly altered transcript expression (p<0.05) between the tested
conditions. Within this subset were a number of pathways for which
a cognate cytokine gene was expressed in the UG26 cells. These
included “signalling by NGF”and a “collagen-mediated activation
cascade”. From these data, a number of factors were selected and
clonogenic assays used to identify those that promoted ESLAM

cell survival and clone formation in cultures +GFs. Of the factors
tested, we found collagen, NGF (nerve growth factor), and Matrigel
increased ESLAM cell cloning efficiency to 72%, 86%, and 100%, re-
spectively (holm-adjusted p values <=0.01). Of the defined factors,
NGF + collagen gave the highest clonogenicity (97%). Transplants
showed that 7-day cultures+GFs that also contained NGF+collagen
maintained HSCs numbers at 74% of input levels (95% Cl 0.37-1.49)
with retention of multi-potency and subsequent in vivo self-
renewal activity. Conclusions: NGF+collagen, 2 factors produced
by stromal cells, in addition to SF+IL-11 promote the survival and
proliferation of HSCs in vitro with significantly enhanced preserva-
tion of HSC functional properties.

Poster Board Number: T-2131

PYRUVATE KINASE M2 PLAYS DISTINCT ROLES IN
HEMATOPOIETIC STEM CELLS AND LEUKEMIA

Wang, Ying-Hua’, Israelsen, William?, Vander Heiden, Matthew?,
Scadden, David T

'Stem Cell and Regenerative Biology, Harvard University and Massachusetts
General Hospital, Boston, MA, USA, David Koch Institute for Integrative Cancer
Research, Massachusetts Institute of Technology, Cambridge, MA, USA

It has been increasingly realized that different cell states employ
different metabolic modes. Whether the metabolic mode is a de-
terminant of cell state is unclear, but studies in cancer cells suggest
that metabolic shifting from glycolysis toward oxidative phos-
phorylation can modify in vitro and in vivo function of tumorogenic
cells. Cancer cells uptake glucose at a rate higher than normal cells
but convert the majority of glucose into lactate even in the pres-
ence of oxygen, a phenomenon known as aerobic glycolysis or the
Warburg effect. Normal somatic cells thought to also preferentially
use anaerobic metabolism are tissue stem cells, particularly the self-
renewing hematopoietic stem cells (HSC) resident in the hypoxic
microenvironment of the bone marrow. Recently the molecular
basis for the Warburg effect in cancer cells has been identified as
due to a specific isoform of pyruvate kinase M2 (PKM2). In contrast,
normal tissues that use oxidative phosphoryation as their major
metabolic mode express the alternatively spliced isoform PKM1.
Interestingly, we observed that cells in the hematopoietic lineage,
including HSC, predominantly express PKM2. In order to under-
stand the role of PKM2 and glycolysis in normal hematopoiesis as
well as in hematological malignancy, we have generated a geneti-

cally modified mouse strain that allows conditional deletion of the
PKM2 specific exon. Our data show that PKM2 deletion does not
compromise normal HSC function under homeostatic conditions.
Rather, loss of PKM2 results in a competitive advantage over wild-
type HSC, as evidenced by enhanced bone marrow reconstitution
in a competitive transplantation assay. The altered cellular function
by PKM2 deletion is accompanied with decreased glycolysis and
increased oxidative phosphorylation specifically in the primitive
stem/progenitor cell population. Notably, however, the absence
of PKM2 appears to markedly disadvantage the establishment of
leukemia in mice when hematopoietic cells express human leu-
kemogenic alleles associated with either acute or chronic myeloid
leukemia. Such a distinction in response between normal and
malignant cells is unprecedented to our knowledge and may offer
a highly unique opportunity to advantage normal while disadvan-
taging malignant cells of the hematopoietic lineage by targeting a
single metabolic enzyme.

Poster Board Number: T-2132

GNAT-LIKE PROTEIN DOWN-REGULATES GLOBIN
SYNTHESIS BY BINDING ACETYL COENZYME A

Kulkeaw, Kasem', Inoue, Tomoko?, Mizuochi, Chiyo', Horio, Yuka',
Lim, Wai Feng', Cong, Hoang Tran', Ishitani, Tohru?, Sugiyama,
Daisuke’

'Advanced Medical Initiatives, Advanced Medical Initiatives, Fukuoka,

Japan, *Medicine and Biosystemic Science, Graduate School of Medical
Sciences, Fukuoka, Japan, 3Post-Genome Science Center, Medical Institue of
Bioregulation, Fukuoka, Japan

Globin synthesis is crucial event in erythroid differentiation and
regulated by hisotne acetylation. We identified novel molecule
that regulates histone acetylation through our database of anemic
zebrafish induced by cold-exposure. This molecule belongs to the
family of GCN5-related N-acetyltransferase (GNAT), which functions
in histone acetylation. Mouse GNAT-like gene was up-regulated as
hematopoietic stem cells differentiate into mature erythrocytes
synchronizing with increase of globin gene expression. Although
this GNAT-like protein could bind to acetyl coenzyme A (acetyl
CoA), it lacked histone acetylation activity. Ectopic expression of
mouse GNAT-like gene in erythroleukemia cells decreased histone
acetylation and globin gene expression, whereas knock down of
GNAT-like gene in zebrafish embryos increased gene and protein
expressions of globin. Taken together, this GNAT-like protein down-
regulates globin gene synthesis likely through competing with
other GNATs for acetyl CoA binding.

Poster Board Number: T-2133

TRANSCRIPTOME ANALYSIS WITHIN THE
IMMGEN DATABASE IDENTIFIES REGULATORS OF
PROGENITORS AND STEM CELLS.

Gazit, Roi', Garrison, Brian', Shay, Tal?, Costello, James?, Collins,
James J.3, Regev, Aviv?, Rossi, Derrick J.!

'Program in Cellular and Molecular Medicine, Inmune Disease Institute, Boston,
MA, USA, ?Broad Institute, Cambridge, MA, USA, *Department of Biomedical
Engineering, Boston University, Boston, MA, USA

Although hematopoietic stem cells are the best characterized of
adult tissue-specific stem cells, surprisingly little is known about the
mechanisms that regulate their central properties of self-renewal
and multi-lineage potential. Towards improving the molecular
understanding of HSCs and their proximal multi-potent and oligo-
potent progenitor subsets, we performed expression profiling

of these primitive progenitors and analyzed the data within the
context of the ImmGen microarray database comprised of over 700
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microarrays that encompasses the vast majority of immune cell
types. Principle component analysis positioned all hematopoietic
stem and progenitor subsets (HSPCs) in a cluster at a central posi-
tion in relation to downstream effector cells showing the related-
ness of HSPC subsets and consistent with their role as undifferenti-
ated precursors of all blood lineages. Gene set enrichment analysis
revealed that HSPCs were most enriched for cell growth and cell
cycle pathways in line with their role as transit amplifying cells.
Analysis of the multipotent subsets (MP) identified a novel group
of genes encoding KRAB-domain containing proteins, predicted to
be transcriptional repressors- suggestive of a role in suppressing
lineage commitment in these otherwise uncommitted cells. Genes
involved in transcriptional regulation were identified in HSCs and
co-expression analysis of these factors showed that those with
established roles in HSC quiescence and self-renewal clustered
separately from a set of factors of unknown function in HSCs.
Finally, enforced expression of one transcription factor, HIf was able
to imbue stem and progenitors with a sustained primitive immune-
phenotype, and extensive self-renewal and multi-myeloid lineage
potential. This work, within the ImmGen project, presents a reliable
reference of whole-transcriptome data across the immune system,
finding novel genes as candidate regulators of adult HSCs.

Poster Board Number: T-2134

DISRUPTION OF TET2 LEADS TO ENHANCED SELF-
RENEWAL AND COMPETITIVE REPOPULATING
CAPACITY OF FETAL LIVER HEMATOPOIETIC STEM
CELLS
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Hideaki'

'Division of Hematology, Department of Internal Medicine, Keio University
School of Medicine, Tokyo, Japan, 2Department of Life Science and Medical
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TET2 (ten-eleven-translocation 2) gene has been reported to be
frequently mutated in various human myeloid and lymphoid
malignancies. These observations suggest critical roles of TET2 dys-
function in molecular pathogenesis of hematologic malignancies.
Recent studies using conditional knockout mouse model indicated
that mouse Tet2 loss leads to clonal dominance of adult hematopoi-
etic stem cells (HSCs) in competitive repopulation assay. However,
self-renewal capacity of adult HSCs has never been addressed pre-
cisely by serial transplantation assay. In addition, the effect of Tet2
loss on HSCs was never examined in the fetal livers (FLs). Since FL
HSCs and adult HSCs differ in several aspects of their phenotypes
and functions, we speculated that Tet2 might be involved different-
ly in the regulation of FL and adult hematopoiesis. To address this
issue, we analyzed E14.5 FL cells from Tet2 gene-trap (Tet2%) mice.
RT-PCR analysis showed that over 99% of Tet2 mRNAs from endog-
enous promoter were trapped by the gene-trap cassette in Tet29V
9 mice, showing that Tet2% allele can be considered as a null allele.
Initial analysis showed that Tet29V9t embryos developed normally,
but most Tet29vs* mice were perinatally lethal. Interestingly, Tet29"
9 embryos displayed significant increase in lineage (Lin)Sca-1*c-
Kit* (LSK) fraction compared to wild type (WT) (Tet2**) littermate
(1.45+0.62% vs. 0.8520.34%, p=0.0027). In addition, common
myeloid progenitor (CMP) fraction (IL7Ra’ Lin~ Sca-1- c-Kit* CD34*
FcgRiII/lI") was significantly increased in Tet29¥ FLs compared to
WT (9.04+1.09% vs. 6.26+0.53%, p=0.008). In serial transplantation
assays, donor cells derived from Tet2+/¢t and Tet29"9* FLs showed
significantly higher peripheral blood chimerism in secondary and
tertiary recipient mice as compared to that of WT cells, showing
that disruption of Tet2 leads to the enhanced self-renewal capacity
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of FL HSCs. Moreover, donor-derived HSC fraction (CD34LSK cells)
was significantly expanded in the recipients of Tet29V9 FL cells, sug-
gesting that increased self-renewal capacity is cell intrinsic to Tet29V
9t HSCs. We have also examined differentiation of Tet2-mutant FL
cells in the recipients’ peripheral blood, and found that Tet29v¢t cells
displayed impaired differentiation to Gr-1*CD11b* mature granu-
locytes. Liquid culture of FL cells with cocktails of cytokines in vitro
demonstrated that Tet29v9 FL cells retained higher percentage and
number of LSK, Lin-and c-Kit* cells after the culture for 7-days com-
pared to WT cells, showing enhanced resistance of Tet29/s cells to
differentiative stimuli in in vitro culture. It is of note that Tet2*/9* mice
showed a significant increase in LSK compartment in the BM com-
pared to wild type littermate (0.48+0.11% vs. 0.32+0.04%, p=0.04).
However, they presented no signs of extramedullary hematopoiesis
such as splenomegaly and expansion of LSK cells in spleens during
an observation up to 35-weeks.Taken together, we demonstrate
that Tet2 critically regulates self-renewal and long-term repopulat-
ing capacity of FL HSCs and has pleiotropic functions in hematopoi-
etic differentiation. In addition, enhanced HSC self-renewal, expan-
sion of HPC and myeloid progenitors and perturbed differentiation
induced by TET2 ablation likely to set molecular basis for malignant
transformation, which explains high incidence of loss-of-function
mutations of TET2 in hematologic malignancies.

Poster Board Number: T-2135

DECOUPLING OF TUMOR-INITIATING ACTIVITY
FROM STABLE IMMUNOPHENOTYPE IN HOXA9-
MEIS1 DRIVEN AML

Gibbs, Kenneth', Jager, Astrea?, Crespo, Oliver?, Goltsev, Yury?,
Trejo, Angelica?, Richard, Chase?, Nolan, Garry?
'Stanford/AAAS/NSF, Arlington, VA, USA, 2Stanford, Stanford, CA, USA

Increasing evidence suggests tumors are maintained by cancer
stem cells; however, their nature remains controversial. In a HoxA9-
Meis1 (HOM) model of acute myeloid leukemia (AML), we found
that tumor-initiating activity existed in three, immunophenotypi-
cally distinct compartments, corresponding to disparate lineages
on the normal hematopoietic hierarchy_stem/progenitor cells
(Linkit*), and committed progenitors of the myeloid (Gr1+kit*) and
lymphoid lineages (Lym~kit*). These distinct tumor-initiating cells
(TIC) clonally recapitulated the immunophenotypic spectrum of
the original tumor in vivo (including cells with a less-differentiated
immunophenotype) and shared signaling networks, such that in
vivo pharmacologic targeting of conserved TIC survival pathways
(DNA methyltransferase and MEK phosphorylation) significantly
increased survival. Collectively, HOM AML is organized as an atypi-
cal hierarchy that defies the strict lineage marker boundaries and
unidirectional differentiation of normal hematopoiesis. Moreover,
this suggests that in certain malignancies tumor-initiation activity
(or“cancer-stemness”) can represent a cellular state that can exithat
exists independently of distinct immunophenotypic definition.

Poster Board Number: T-2136

TIM-3 EXPRESSION IN THE VARIOUS TYPES OF
HEMATOLOGICAL MALIGANANT LEUKEMIC STEM
CELLS

Kikushige, Yoshikane, Shima, Takahiro, Miyamoto, Toshihiro,
Akashi, Koichi

Kyushu University, Fukuoka, Japan

Acute myeloid leukemia (AML) originates from self-renewing

leukemic stem cells (LSCs), an ultimate therapeutic target for AML.
We identified T-cell immunoglobulin mucin-3 (TIM-3), as a surface
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molecule expressed on LSCs in most types of AML except for acute
promyelocytic leukemia, but not on normal hematopoietic stem
cells (HSCs). TIM-3+ but not TIM-3- AML cells reconstituted human
AML in immunodeficient mice, suggesting that the TIM-3+ popula-
tion contains most, if not all, of functional LSCs. We established an
anti-human TIM-3 mouse IgG2a antibody having complement-
dependent and antibody-dependent cellular cytotoxic activities.
This antibody did not harm reconstitution of normal human

HSCs, but blocked engraftment of AML after xenotransplantation.
Furthermore, when it is administered into mice grafted with hu-
man AML, this treatment dramatically diminished their leukemic
burden, and eliminated LSCs capable of reconstituting human AML
in secondary recipients (Kikushige et al, Cell Stem Cell, 2010). We
extended the analysis of TIM-3 expression in the various types of
human hematological malignancies, and found that human TIM-3
was expressed in the vast majority of CD34+CD38- leukemic stem
cell fractions of human myeloid malignancies including chronic
myeloid leukemia, chronic myelononocytic leukemia and myelo-
dysplastic syndrome (MDS). Especially in MDS, the expression level
of TIM-3 on CD34+CD38- leukemic stem cells is dramatically up-
regulated along with disease progression to AML, suggesting the
important role of TIM-3 during leukemogenesis. We also intensively
investigated the function of TIM-3 signaling in human hematologi-
cal malignancies. In this presentation, we would like to discuss the
further details of human TIM-3 function in myeloid leukemic stem
cells.

Poster Board Number: T-2137

EFFECT OF NANOSEGMENTS ON EX VIVO
EXPANSION OF HEMATOPOIETIC STEM AND
PROGENITOR CELLS CULTURED ON SURFACE
HAVING SEVERAL NANOSEGMENTS

Higuchi, Akon, Jui-Shiang, Shiao

Department of Chemical & Materials Engineering, National Central Univ,
Chung-Li, Taiwan

Umbilical cord blood (UCB) is an attractive source of hematopoi-
etic stem and progenitor cells (HSPCs) for HSPC transplantation.
However, the low number of HSPCs obtainable from a single
donor of UCB limits direct transplantation of UCB to the treatment
of pediatric patients. In this study, we investigated the ex vivo
expansion of HSPCs cultured on biomaterials grafted with several
nanosegments, i.e., polyamine, fibronectin, RGDS, and CS1 (EILD-
VPST), at several surface densities. No direct correlation was found
between fold expansion of HSPCs and physical parameters of the
culture dishes, i.e., surface roughness and water contact angle

of the culture dishes. However, a small amount of grafted amino
groups, less than 0.8 residual mol/cm?, on the dishes was effec-
tive for the ex vivo expansion of HSPCs. A high amount of grafted
amino groups hindered the ex vivo expansion of HSPCs on the
dishes. HSPCs cultured on dishes with a high concentration of CS1
(2.40 residual mol/cm?) showed greater expansion of HSPCs and
more pluripotent colony-forming units (i.e., colony-forming unit-
granulocyte, erythroid, macrophage, and megakaryocyte (CFU-
GEMM)) than those on fibronectin-grafted and polyamine-grafted
dishes. These data suggest that the specific interaction between
HSPCs and CS1 helps to maintain the pluripotency of HSPCs during
the ex vivo expansion of HSPCs. This is the first study on the effect
of the surface density of nanosegments immobilized on culture
dishes on the ex vivo expansion of HSPCs. An amount of grafted
amino groups less than 0.80 residual mol/cm? on the dishes was
effective for the ex vivo expansion of HSPCs in 2D culture. A high
amount of grafted amino groups on the dishes hindered the ex
vivo expansion of HSPCs. There was no direct correlation between

fold expansion of HSPCs and physical parameters of the culture
dishes, i.e.,, RMS surface roughness and water contact angle, while
HSPCs cultured on dishes containing a high concentration of CS1
showed much higher fold expansion of HSPCs and colony-forming
units (CFU-GEMM) than those on other dishes, such as fibronectin-
grafted and polyamine-grafted dishes. These data suggest that the
specific interaction between HSPCs and CS1 helps to maintain the
pluripotency of HSPCs during the ex vivo expansion of HSPCs. CS1 is
one of the cell-binding domains of fibronectin. However, the ex vivo
expansion and CFU expansion of HSPCs cultured on fibronectin
(FN)-grafted dishes were less than those on PS-CS1-H (CS1-grafted
polystyrene [PS] with high concentration of CS1) dishes, although
the ex vivo expansion and CFU expansion of HSPCs on PS-FN (fibro-
nectin [FNI]-grafted polystyrene [PS]) dishes were higher than those
on PS or TCPS (tissue clture polystyrene) dishes. The presentation
of specific binding site number of CS1 is 500 times (440,000/880)
higher than that of fibronectin at the same grafting weight density
of CS1 and fibronectin on dishes, because of low molecular weight
of CS1 (approximately 880 dalton from 110 [average molecular
weight of amino acids] x 8 [No. of amino acids in CS1]) than fibro-
nectin (440,000 dalton). The presentation of specific cell-binding
domains of CS1 at high concentrations seems to be important for
the signal transduction that promotes the ex vivo expansion of
HSPCs.

Poster Board Number: T-2138

IN VIVO IMAGING OF DYNAMIC INTERACTIONS
WITHIN THE HAEMATOPOIETIC STEM CELL NICHE

Lane, Steven', Scott, Mark?, Okwieka, Patricia?, Williams, David?,
Scadden, David*, Lo Celso, Cristina?

'Queensland Institute of Medical Research, Brisbane, Australia, lmperial College
London, London, United Kingdom, *Children’s Hospital Boston, Boston, MA, USA,
“Harvard Medical School, Boston, MA, USA

The stem cell microenvironment (or niche) is a critical regulator of
stem cell function. Haematopoietic stem cells (HSC) reside within
the bone marrow and therefore have been traditionally inacces-
sible to direct observation. For this reason, despite numerous
functional studies demonstrating a role of several bone marrow
stroma cells in regulating HSPC function and number, still very
little is known about the anatomical location of HSC during steady
state and in response to several types of stimuli. Many functional
studies over the years have pointed to osteoblasts, bone-lining cells
responsible for matrix deposition during bone growth and remod-
elling, as regulators of the HSC pool. Moreover, several studies have
indicated that multiple perivascular stroma cells actively influence
HSC fate. It is an open question whether HSC firmly localise within
a specific niche or whether they migrate between different niches,
defined by distinct bone marrow microenvironments, where they
receive different stimuli leading to their quiescence vs. prolifera-
tion, self-renewal vs. differentiation. Another open question is
whether leukaemia development affects HSC-niche interactions
and whether leukaemia stem cells (LSC) and HSC compete for niche
space. Confocal and two-photon hybrid microscopy allows visual-
ization of single transplanted HSC in the calvarium bone marrow of
live mice. FACS-purified, ex-vivo labelled haematopoietic stem and
progenitor cell (HSPC) populations can be visualised upon their
initial arrival in the niche (homing) and following the first divisions
(early engraftment). We showed that long-term repopulating (LT)
HSPC selectively localize proximal to osteoblasts within a few hours
from transplantation, whereas their progeny are more distal. By
analysing homing and early engraftment patterns of mutant HSPC
known to dominate or fail when in competition with normal HSC
for bone marrow engraftment, and of wild type HSC transplanted
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into environments known to improve or hinder their function,

we monitored dynamic interactions between HSC and the bone
marrow microenvironment and collected further evidence that
HSC and HSC progeny localization near osteoblasts correlates with
positive transplantation outcome. Finally, we used a mouse model
of acute myeloid leukaemia based on retroviral transduction of
the MLL-AF9 oncogene and observed that leukaemic granulocyte-
monocyte precursors (L-GMP), an established LSC population,
share the same homing pattern of normal GMP rather than that of
LT-HSPC. This indicated why MLL-AF9 LSC are insensitive to niche-
derived signals that otherwise affect normal HSC function.

Poster Board Number: T-2139

DUAL FUNCTION OF CX32 IN HEMATOPOIESIS:
MAINTENANCE OF CELL QUIESCENCE AND
SUPPORT OF PROLIFERATION OF HEMATOPOIETIC
STEM/PROGENITOR CELLS

Hirabayashi, Yoko', Yoon, Byung-II?, Tsuboi, Isao? Kanno, Jun',
Trosko, James E#, Inoue, Tohru?

'Center for Biol Safety & Res, Natl Inst of Health Sciences, Tokyo, Japan,
2Laboratory of Histology and Molecular Pathogenesis, College of Veterinary
Medicine, Kangwon National University, Chuncheon, Korea, Republic of,
3Department of Biological Function & Structural Medicine, Nihon University
School of Medicine, Tokyo, Japan, “Michigan State University, East Lansing, Ml
USA

Membrane channel connexin (Cx) forms gap junctions that are im-
plicated in the homeostatic regulation of various cellular functions,
including growth control and differentiation, apoptosis, and the
synchronization of electrotonic and metabolic functions. Our stud-
ies of the role of Cx32, a member of the Cx family, in steady-state
hematopoiesis and its potential protective role against leukemo-
genesis were reported previously (Exp Biol Med 232:700-12, 2007;
J Membr Biol 217:105-13, 2007). Namely, in wild-type mice, Cx32
expression was detected in primitive hematopoietic stem/pro-
genitor cells by immunocytochemistry and reverse transcriptase-
polymerase chain reaction analysis, although it was not detected
in unfractionated bone marrow cells. Cx32-knockout (KO) mice
showed decreased numbers of peripheral mononuclear cells and
various progenitor cell compartments, an increased number of
cells in primitive stem cell fractions, such as the lineage marker
(-)/c-kit (+)/stem cell antigen-1(+) (LKS) fraction, and a clearly
delayed regeneration of progenitor cells after chemical abrasion.
Furthermore, the incidence of methyl nitrso-urea (MNU)-induced
leukemia was markedly high in the Cx32-KO mice after a single
administration of MNU. Subsequent cell-cycle analysis of the LKS
fraction using a cell sorter with Hoechst 33342 showed a significant
increase in the percentage of the S phase fraction in the Cx32-KO
mice. In this study, we examined the cell cycle of hematopoietic
stem/progenitor cells (GM, CFU-GM; S9, CFU-S9; and 513, CFU-
S13) by evaluating cycling stem/progenitor cells with continuous
incorporation of bromodeoxyuridine (BrdUrd) in vivo for up to

6 weeks followed by exposure to ultraviolet A to eliminate only
BrdUrd-incorporating cells (Exp Biol Med 227:474-9, 2002). The
Cx32-KO mice showed an increased rate of percent kill (percentage
of BrdUrd-incorporating stem/progenitor cells) of S13 during the
initial 1 hr (S phase fraction); a prolonged doubling time of S13 and
S9 or a shortened doubling time of GM; and an increased rate of
percent kill at plateau level (entire cycling fraction) of S13 and GM.
These findings indicate the dual function of Cx32 in hematopoiesis,
i.e., one is the restoration of stem/progenitor cell quiescence and
maintenance of primitive stem cells to prevent exhaustion, and the
other is the support of stem/progenitor cell proliferation. Without
Cx32, the percentage of the entire cycling fraction including the S
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phase fraction of not only the LKS fraction but also S13 increased,
whereas simultaneously, doubling time of both S13 and S9 de-
creased. In contrast, GM showed a rather shortened doubling time
and also a higher percentage of the cycling fraction in the Cx32-KO
mice than in the wild-type mice, which might be regulated much
strongly by the positive feedback from the decreased numbers

of peripheral mononuclear cells than the direct Cx32 function.
Moreover, these findings may provide a good explanation for the
cumulative incidence of MNU-induced leukemogenesis in Cx32-KO
mice, which was higher but increased more slowly than that in the
wild-type mice.

Poster Board Number: T-2140

EXPRESSION OF EBF2 IN IMMATURE
OSTEOBLASTIC CELLS DEFINES A NICHE FOR
HEMATOPOIETIC STEM CELLS

Hinzen, Christoph, Zimber-Strobl, Ursula, Kieslinger, Matthias

Institute of Clinical Molecular Biology and Tumor Genetics, Helmholtz Center
Munich, Munich, Germany

Hematopoietic stem cells (HSC) need a specialised microenviron-
ment to maintain hematopoiesis life-long. Several cell types like
osteoblasts, osteomacs, adipocytes, CXCL 12 abundant reticular
(CAR) cells and nestin-positive mesenchymal stem cells have been
implicated in the support of HSC. Among those, the strongest
evidence for a functional involvement exists for osteoblastic cells,
but the exact nature of HSC supporting osteoblastic cells is not
clear. Early B cell factor 2 (Ebf2) is a transcription factor expressed
specifically by mesenchymal stem cells, immature osteoblastic cells
(IEO) and adipocytes of the bone marrow. Deficiency for Ebf2 does
not alter the number of these cells, but their ability to support HSC
and immature hematopoietic progenitors. In vitro studies suggest
that the HSC supporting function is mediated via its expression in
osteoblastic cells, but the differentiation stage as well as the contri-
bution of other cell lineages like MSC and adipocytes is unclear. To
analyse the cellular contribution to HSC support exactly, we gener-
ated a conditional Ebf2 knockout mouse line. At this point, we were
successful in generating such a line, as ubiquitous deletion of the
Ebf2flox allele fully recapitulates the phenotype of Ebf2-mutant
animals. Surprisingly, deletion of Ebf2 in adipocytes (Ap2-Cre) does
not influence HSC frequency to a detectable level, whereas dele-
tion in immature osteoblastic cells (Osterix-Cre) fully recapitulates
the phenotype of the conventional deletion of Ebf2. Furthermore,
deletion of Ebf2 using the Prx1-Cre line, which supposedly is active
in mesenchymal stem cells, does not lead to any phenotypic altera-
tions. Taken together, the data show that Ebf2 is required for HSC
maintenance specifically via its expression in immature osteoblastic
cells, thereby defining these cells as components of a niche for
HSC. As Ebf2 is a transcription factor, this finding also opens up the
possibility of systematically analysing the transcriptional profile and
target genes of Ebf2 in primary niche cells.

Mesenchymal Stem Cell Differentiation

Poster Board Number: T-2141

MECHANICAL DERIVATION OF FUNCTIONAL
MYOTUBE FROM ADIPOSE DERIVED STEM CELLS
Choi, Yu Suk’, Vincent, Ludovic G.', Lee, Andrew R., Dobke, Marek
K2, Engler, Adam J.!

'Bioengineering, University of California, San Diego, La Jolla, CA, USA, ?Plastic
Surgery, University of California, San Diego, La Jolla, CA, USA

In recent years, ECM stiffness and resulting cell contractility have
been identified as potent stem cell differentiation regulators. Suc-
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cessful stem cell-based therapies will require acclimating cells to
the abnormally stiff ECM of muscular dystrophy while inducing
and/or maintaining myogenesis, fusion, and dystrophin delivery.
Here we directly compare ASC to BMSC stiffness responsiveness
and show myotube formation derived from ASCs on matrices that
mimic skeletal muscle. ASCs are shown here to not just simply
reflect the qualitative stiffness sensitivity of bone-marrow-derived
stem cells (BMSCs) but to exceed BMSC myogenic capacity (40-
fold higher myogenic marker expression on myogenic stiffness),
expressing the appropriate temporal sequence of muscle tran-
scriptional regulators on muscle-mimicking extracellular matrix in
a focal adhesion- and contractility-dependent manner. 2% of ASCs
formed multi-nucleated myotubes with a continuous cytoskel-
eton (10-fold higher than chemical induction) that was not due to
misdirected cell division; microtubule depolymerization severed
myotubes, but after washout, ASCs re-fused at a rate similar to pre-
treated values. BMSCs never underwent stiffness-mediated fusion.
ASC-derived myotubes, when replated onto non-permissive stiff
matrix, maintain their fused state. Fusion frequency was increased
by a contractile agonist, lysophosphatidic acid and decreased by

a myosin inhibitor, blebbistatin. ASCs generated higher tangen-
tial force than BMSCs and showed more non-muscle myosin Ilb.
Mechanical induction was mediated via focal adhesions; vinculin
assembled earlier in ASCs. Inhibiting fibronectin-integrin binding
using alpha 5 or V integrin siRNA blocked mechanosensing process
as ASCs fail to ‘feel’myogenic 10kPa gel and to show myogenic
mRNA expression. Together these data imply enhanced mechano-
sensitivity for ASCs, making them a better therapeutic cell source
for fibrotic muscle.

Poster Board Number: T-2142

CONTROLLING STEM CELL FATE WITH SPATIALLY
VARYING EXTRACELLULAR MATRIX STIFFNESS

Choi, Yu Suk, Vincent, Ludovic G., Lee, Andrew R., Engler, Adam J.
Bioengineering, University of California, San Diego, La Jolla, CA, USA

Regenerative musculoskeletal applications have been plagued
with setbacks owing in part to the fibrosis present in degenerative
muscle disorders, which increases collagen density and transgluta-
minase activity that stiffens the extracellular matrix (ECM). Injection
of undifferentiated stem cells into diseased muscle, i.e. cellular
myoplasty, was thought to ameliorate the disease, but instead
causes cell calcification due at least in part to the abnormally stiff
environment. Here, we have developed a patterned hydrogel that
can assess stem cell phenotype maintenance and engraftment
potential in a fibrotic-like environment in vitro. This “Zebraxis”
bioreactor contains alternating regions of firm (10 kPa; myogenic)
and stiff (34 kPa; fibrotic or osteogenic) or soft (1 kPa; neurogenic)
and firm that mimic fibrotic muscle or innervated, healthy skeletal
muscle, respectively. In the non-fibrotic model (1 vs. 10 kPa), C2C12
myoblasts migrate onto 10kPa stripes after day 1 and formed myo-
tube by day 7 in lower serum conditions. Adipose-derived stem
cells (ASCs), which we have previously shown are myogenic on firm
ECM, also migrated onto firm stripes and fused on the non-fibrotic
model. Supporting cell types on soft regions, e.g. PC12 neurons,
should help this process. With the fibrotic model (10 vs. 34 kPa),
ASCs and C2C12 myoblasts segregated on 34 and 10 kPa make
direct contact and will mimic cellular myoplasty in vitro. Using
ASC-derived myotubes-rather than undifferentiated stem cells-this
in vitro system highlights our ability to monitor engraftment po-
tential improvements in vitro using novel fibrosis-mimicking tissue
equivalents. Our efforts to develop tissue engineered musculoskel-
etal systems hinge on the understanding gained here about the

stem cell-microenvironment interaction so that we may overcome
the fibrosis problem.

Poster Board Number: T-2143

RAPMYCIN ATTENUATES OSTEOGENIC
PROPERTIES OF DAXAMETHASONE ON HUMAN
BONE MARROW DERIVED MESENCHYMAL STEM
CELLS

Faghihi, Faezeh', Eslaminejad, Mohamad Reza baghaban?
'Department of Stem Cells & Developmental Biology, Royan Institute for Stem
cell Biology and Technology, Tehran, Iran, Islamic Republic of, Department of
Stem Cells & Developmental Biology, Royan Institute for Stem Cell Biology &
Technology, Tehran, Iran, Islamic Republic of

Introduction: Application of allograft Mesenchymal Stem Cells in
combination with immunosuppressive drugs which have osteo-
genic properties, would be a very good option to regenerate bone
defects in clinics. Rapamycin, and Dexamethasone in particular, are
two commonly used immunosuppressive drugs in clinics which
have been shown to possess osteogenic properties. The aim of
this study was to assess osteogenic properties of Rapamycin in
combination with dexamethasone on promotion of osteogen-

esis in human bone marrow- derived Mesenchymal Stem Cells.
Metods: To do that, Bone marrow-derived mesenchymal stem

cells were cultured in osteogenic medium supplemented with
10nM Dexamethasone without rapamycin(Control) and with 1, 10,
and 100 nM rapamycin, then evaluated at 7, 14 and 21 days post
induction. Osteoblastic differentiation was characterized quanti-
tatively by Alkaline Phosphatase Activity and Alizarin Red Staining
Assay. Results: Our pilot study results showed that rapamycin alone
showed no remarkable osteogenic differentiation effect on human
mesenchymal stem cells, therefore we evaluated the synergistic
effect of rapamycin and dexamethasone in promotion of osteo-
genesis. Our results showed that at day 7, Alkaline Phosphatase
enzyme activity significantly increased in groups treated with Dexa-
methason and 1nM rapamycin rather than dexamethasone alone(
Control). Two weeks post induction, the enzyme activity increased
significantly in all groups in comparison with the same groups at
day 7; however, the enzyme activity was remarkably decreased in
groups treated with Rapamycin in comparison with Dexametha-
sone alone, and there was not a remarkable difference in enzyme
activity in groups treated with 1, and 10 nM Rapamycin. At day

21, no significant difference was observed between groups which
received both rapamycin( 1 & 10nM) and Dexamethasone in one
hand, and the control group which received dexamethasone alone
on the other hand; however in presence of 100nM of rapamycin
the enzyme activity was the least among he others. Evaluation of
mineralization by alizarin red- based osteogenesis assay showed no
difference between either control group( Dexamethasone alone)
or other treated groups ( Rapamycin & Dexamethasone ) at day 7.
However, one week later, matrix mineralization increased signifi-
cantly in control group(Dexamethasone alone) in comparison with
groups which received 10 & 100 nM of Rapamycin . At third week of
induction, control group( Dexamethasone alone) showed a remark-
able increase in matrix mineralization in comparison with other
groups. Conclusion:Our results showed that Rapamycin would not
be a good stimulator for promotion of osteoblastic differentiation
of human bone- marrow- derived mesenchymal stem cells in com-
bination with Dexamethasone. Not only have any synergistic effect
in induction of osteogenesis with Dexamethasone, rapamycin
attenuates the inductive effect of Dexamethasone in human bone
marrow- derived mesenchymal stem cells.
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THE EFFICACY OF PURMORPHAMINE IN
PROMOTION OF OSTEOGENESIS IN HUMAN BONE
MARROW-DERIVED MESENCHYMAL STEM CELLS:
APPROPRIATE DOSE AND RESPONSE TIME.

Faghihi, Faezeh', Eslaminejad, Mohamadreza Baghaban?,
Chehrazi, Mohammad?, Zomorodian, Elham’, Sayahpour, Forugh
Azam'
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Stem Cell Biology and Technology, ACECR, Tehran, Iran, Islamic Republic of,
3Department of Epidemiology & Reproductive health, Royan Institute for
Reproductive Biomedicine, ACECR, Tehran, Iran, Islamic Republic of

Background: The Osteogenic differentiation capacity of human
mesenchymal stem cells for bone formation and regeneration,
leads to establish different strategies in order to provide reproduc-
ible systems for induction and enhancement of osteogenesis in
these cells. Besides growth factors, some small molecules, such as
purmorphamine serve as chemical tools in promotion of osteogen-
esis ; however, there has been no exact evaluation on the appropri-
ate dose and the response time of this molecule for promotion of
osteogenesis. The aim of this ongoing study is to define the most
appropriate dose and the response time of Purmorphamine, to
evaluate its efficacy in the promotion of osteogenesis in human
Bone Marrow Mesenchymal Stem Cells in vitro and in vivo.
Methods: To do that, Bone marrow derived mesenchymal stem
cells were cultured in high glucose Doulbeco’s modified eagle
medium supplemented with 10 nM Dexamethasone without
purmorphamine ( control) and with 1, 3, 5, and 10 uM of this

small molecule and evaluated at 7, 14 and 21 days post induction.
Results: Although ALP activity was low 7 days post induction, it
increased significantly (p< 0.05) in cells treated with 3 uM of pur-
morphamine in comparison with control group. Interestingly, one
week later, this enzyme activity remarkably increased in all treated
groups, especially in groups which received 3 and 5 pM doses of
this small molecule. The enzyme activity decreased again one week
later at day 21, and no significant difference was observed between
purmorphamine- treated groups and the control one. Interest-
ingly, our Real-time PCR results showed that 5microM of purmor-
phamine significantly(p< 0.05) increased the expression level of
RUNX-2, an early transcription factor of osteogenesis, Osteocalcin
and Osteopontin, two important matrix protein transcripts at day
14 post induction; however, the groups which received 10 uM of
purmorphamine showed significant over expression of osteocalcin
and osteopontin, not earlier than the end of the third week. We
also analyzed mineralization capacity of the cells with and without
(control) purmorphamine. Our results showed that although a
significant increase in matrix mineralization was observed in all
treated and non- treated groups from day 7 up to 21 days post
induction; this augmentation was not significant in comparison
with control group at each day. Conclusion: As whole, this part of
our study indicates that (1) events related to osteoblast differen-
tiation, including increased ALP activity and bone specific gene
expression are enhanced in hBMMSCs at 2nd week post induction
by 5 uM purmorphamine. (2) Due to high activity of ALP and over
expression of bone specific genes such as RUNX-2 in the presence
of 5microM of purmorphamine at day 14 and subsequent decrease
in ALP activity and RUNX-2 expression at day 21; in order to in vivo
study, we recommend to treat the cells with 5 uyM purmorphamine
at least for 14 days in transplantation.
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TRANSFORMING GROWTH FACTOR BETA

1 INDUCES THE DIFFERENTIATION OF RAM
MARROW DERIVED MESENCHYMAL STEM CELLS
INTO MALE GERM LIKE CELLS

Ghasemzadeh H., Mohammad’, Eslaminejad, Mohammad-Reza
Bagheban’, Batavani, Rooz-Ali2, Seddighi G., Mohammad-Ali®
'Stem cell, Royan institute, Tehran, Iran, Islamic Republic of, ’Clinical science,
Faculty of veterinary medicine, Urmia university, Urmia, Iran, Islamic Republic
of, *Andrology, Royan institute, Tehran, Iran, Islamic Republic of

Many researchers have defined differentiation capacity of mesen-
chymal stem cells (MSCs). These cell types can be isolated from dif-
ferent sources such as bone marrow, fat tissue, neural system, lungs
and muscles and can differentiate into very different cell types of
all three germ layers. There are many reports about differentiation
capacity of MSCs to mesoderm, ectoderm and endoderm cells and
these findings have stimulated researchers to study the possibil-
ity of their application for treatment of some human diseases like
diabetes, blindness, cancers, bone and cartilage problems and etc.
In recent years one of the most attractive topics about MSCs was
their application for infertility treatment. Some papers have shown
a group of MSCs that have germ cells characteristics and some pa-
pers have shown MSCs capacity for differentiation into germ cells.
The main design of these studies was based on treatment of MSCs
by some materials (small molecules, growth factors, hormones and
[[Unsupported Character - [[Unsupported Character - &#8943;1111) in
vitro. Although there are some good reports about the differentia-
tion of MSCs to germ cells in vitro but this confusing issue needs
more detailed and accurate studies. In this study we have shown,
MSCs can be induced to differentiate into the male germ-like cells
by TGFB1. Materials and methods: Bone marrow aspiration was
done from tibia of a newly mature ram under deep sedation condi-
tion that was induced by Ketamine and Xylazin injection. After use
of density gradient (Lymphodex) and centrifuging (1200 rpm at
4°C for 20 min) mononuclear layer include MSCs was cultured in
complete culture medium. Passage 3 MSCs used for treatment with
TGFf1. A 21 day treatment was done and after that the cells were
examined by RT-PCR and real-time RT- PCR for germ cell-specific
genes expression. The genes examined were OCT4, Vasa, piwil2,
Dazl and B—1integrin and immunocytochemistry was done for
evaluation of PGP9.5 - the spermatogonia specific gene- expres-
sion. Quantitative alkaline phosphatase (ALP) activity assay was
done too. In addition, treated cells were evaluated for cartilage spe-
cific genes, Col [[Unsupported Character - [[Unsupported Character
- [[Unsupported Character - &#1216;]11111[[Unsupported Character

- [[Unsupported Character - [[Unsupported Character - &#1216;11111]
and Aggrecan to ensure that no chondrogenic differentiation has
happned. Results: Real-time PCR analysis showed upregulation of
Vasa and 31 integrin and downregulation of OCT4 and Piwil2. Dazl
expression wasn't seen in MSCs after 21 days treatment by RT-PCR.
ALP activity increased by TGFf1 treatment and high expression

of PGP9.5 was observed in cells after treatment in compare with
control group. Discussion: Although Dazl expression was seen in
the sheep testis cells, it wasn't seen in 21 days treated MSCs. Totally,
due to the increase of Vasa and B—1integrin expression and down
regulation of OCT4, gene expression pattern of sheep testis germ
cells, germ cell gene expression pattern during germ cells develop-
ment, increased ALP activity in MSCs after treatment that is high in
germ cells too, no expression of cartilage specific genes and PGP9.5
high expression, we can conclude that TGFP1 induced germ cell
differentiation in sheep marrow-derived MSCs.
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EVALUATION OF DIFFERENT CONCENTRATIONS
OF RETINOIC ACID IMPACTION ON GERM CELL
SPECIFIC GENES EXPRESSION IN RAM MARROW
DERIVED MESENCHYMAL STEM CELLS

Ghasemzadeh H., Mohammad’, Eslaminejad, Mohammad-Reza
Bagheban', Batavani, Rooz-Ali?, Seddighi G., Mohammad-Ali#
1Stem cell, Royan institute, Tehran, Iran, Islamic Republic of, *Clinical science,
Faculty of veterinary medicine, Urmia university, Urmia, Iran, Islamic Republic
of, *Andrology, Royan institute, Tehran, Iran, Islamic Republic of

Introduction: Mesenchymal stem cells (MSCs) can be isolated from
several sources and have high capacity for differentiation to differ-
ent cells types of all three germ layers. In recent years some studies
have discussed about the application of MSCs for germ cells (GCs)
production in vitro and infertility treatment especially in males.
Some researchers have suggested that some materials like some
hormones, growth factors, retinoic acid and[[Unsupported Char-
acter - &#8943;]] can induce GCs differentiation from MSCs in vitro.
In this study we evaluated and compared effects of three different
concentrations of retinoic acid (RA) treatment on male GC-specific
genes expression in bone marrow-derived MSCs in sheep. Our main
goal was to obtain germ cells from MSCs by RA treatment. Material
and methods: MS like cells was isolated from an aspiration of bone
marrow from tibia of a newly mature male sheep under deep seda-
tion condition that was induced by Ketamine and Xylazin injection.
The cells mesenchymal stemness characteristics confirmed by

test of their osteogenic, adipogenic and chondrogenic capacity of
differentiation. Passage 3 MSCs were cultured in complete media
culture containing three different concentrations of RA for 21 days.
RA concentrations were 1 uM (RA1), 5 uM (RA2) and 10 uM (RA3). At
the end of the experiment time the cells were analyzed with RT-PCR
and real-time RT-PCR for expression of male GS-specific genes and
were immunostained for PGP9.5 - spermatogonia specific gene -
expression. The genes examined for RT-PCR and real-time RT-PCR
were OCT4, Vasa, piwil2, Dazl and B—1integrin. Quantitative alkaline
phosphatase (ALP) activity assay was done too. Results: Real-time
PCR analysis showed upregulation of Vasa and $—1integrin and
downregulation of OCT4 and Piwil2 in all three groups. The greatest
effect on genes expression was seen in RA3 group. Dazl expres-
sion was negative in 21 days treated MSCs. ALP activity increased
by RA treatment but the amount of ALP in RA2 was greater than
RA1 and RA3 groups and RA3 was the lowest. Expression of PGP9.5
increased in 21 days treated cells in compare with control group.
PGP9.5 expression pattern was dose dependent and increased with
increase of RA concentration. Discussion: Although Dazl expres-
sion was seen in the sheep testis cells, it wasn't seen in 21 days RA
treated MSCs. Totally, given the increase of Vasa and B—1integrin
expression and down regulation of OCT4, gene expression pattern
of sheep testis germ cells, germ cell gene expression pattern during
germ cells development, overall increase of ALP activity in MSCs
after treatment that is high in germ cells too and high expression of
PGP9.5, maybe it could be concluded that RA can induces germ cell
differentiation in sheep marrow-derived MSCs and the maximum
effect was seen in 10 uM RA concentration .
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THE EFFECT OF THREE-DIMENSIONAL PILLAR
SURFACES ON CELL ADHESION AND OSTEOGENIC
DIFFERENTIATION

Kaivosoja, Emilia’, Suvanto, Pia? Barreto, Gongalo', Aura, Susanna?
Soininen, Antti?, Franssila, Sami?, Konttinen, Yrjo T."

'Department of Medicine, Institute of Clinical Medicine, Helsinki University
Central Hospital, Helsinki, Finland, 2Department of Materials Science and
Engineering, School of Chemical Technology, Aalto University, Espoo, Finland,
3ORTON Research Institute of the ORTON Orthopaedic Hospital, Helsinki,
Finland

Introduction The hypothesis was that compared to conventional
two-dimensional (2D) cultures, substrates containing 3D nano- and
micron-size pillars would allow cultured cells to grow at two or
more different levels and help them attach to and extend e.g. from
top-to-top or top-to-bottom, activating their cytoskeleton to pro-
mote osteogenesis. Materials and methods Fibroblasts, osteoblast-
like Sa0S-2 cells and human mesenchymal stem cells (MSC) were
studied. Plain substrates were compared to 200 nm, 5 um and 20
pum high pillars fabricated from Si or Ormocomp®. Some of the Si
pillars were coated with diamond-like carbon (DLC) or TiO2. Adhe-
sion of cells was evaluated with scanning electron microscopy
(SEM) and staining of actin cytoskeleton. Activation of cytoskeletal
tension was studied by staining extracellular signal-regulated
kinases (ERK) and Rho-associated protein kinase (ROCK). Osteo-
genic markers, alkaline phosphatase (ALP), osteopontin (OP) and
mineralization (Alizarin Red, OsteoimageTM) were stained to visual-
ize the effect of pillars on osteogenesis. Results and discussion SEM
and immunofluorescence staining of actin cytoskeleton of hMSCs
and fibroblasts showed adhesion to high pillar edges at 7.5 hours
and stretching between adhesion contacts at different levels well
over 100 pm distances at 5 days. SaOS-2 cells, which are about half
the size of hMSCs or fibroblasts, adhered flatly and individually on
horizontal and vertical substrate surfaces without showing respect
for contact inhibition. ERK and ROCK immunostaining verified the
activation of the cytoskeleton in the stretched cells at 14 and 21
days. In contrast to expectations, the success of induced osteogen-
esis was thoroughly dominated by the cytocompatibility of the
substrate, with early ALP, intermediate OP and late mineralisation
markers, together with bone nodule formation, being seen in plain
and low profile TiO2 pillars, but being poor in the 20 pm landscape.
Only cell-high 5 um pillars slightly enhanced induced osteogenesis.
In 2D cultures, MSCs grew to confluence, with extensive cell-to-cell
contact on their periphery allowing intercellular communication,
whereas in 3D pillar surroundings cells were stretched between
their two or more substrate contact points, with most of their cel-
lular surface bathing in cell culture fluid. This lack of intercellular
cell-cell contacts seems to suppress the osteogenesis promoting
effects of cytoskeletal organization and tension, which osteogen-
esis promoting effects have otherwise been shown in many other
experimental settings.

113



ISSCR 10th Annual Meeting www.isscr.org/2012

Detailed Program and Abstracts — Thursday, June 14

Poster Board Number: T-2148

PULSED ELECTROMAGNETIC FIELD PROMOTES
PROLIFERATION OF HUMAN MESENCHYMAL
STEM CELLS AND DEHYDROEPIANDOSTERONE
ENHANCES OSTEOGENESIS

Kaivosoja, Emilia, Sariola, Veikko, Chen, Yan, Konttinen, Yrjo T.

Department of Medicine, Institute of Clinical Medicine, Helsinki University
Central Hospital, Helsinki, Finland

Introduction: The stem cell fate is determined by soluble factors,
physical forces, cell-cell and cell-extracellular matrix contacts. We
studied the effect of pulsed electromagnetic field (PEMF) and
dehydroepiandosterone (DHEA) on the proliferation of human
mesenchymal stem cells (hMSC) and osteoblastic SaOS-2 cells and
on the osteogenic differentiation of hMSCs. The ability of stem cells
to differentiate into bone cells is critical for fracture healing and
integration of implants into bone. PEMF has been clinically used
since food and drug administration approval in 1979 to promote
bone fracture healing and others bone disorders for at least three
decades its applications include osteoporosis, bone fractures, pseu-
doarthroses and osteotomies. The cellular mechanism by which
the PEMF exerts its effects is still mainly unknown. DHEA is a pro-
hormone produced in the reticular zone of the adrenal cortex, but
only in man and other primates. It is in peripheral cells and tissues
metabolized by steroidogenic, intracrine enzymes to various active
sex steroids, e.g. 176-estradiol (E2) or dihydrotestosterone (DHT).
Such functionally active sex steroids play key roles in bone metabo-
lism and their failure is a well-recognized cause of post-menopausal
osteoporosis in women and osteoporosis in hypogonadism in men.
Materials and methods Human osteogenic sarcoma Sa0S-2 (ECACC
890500205) cells and bone marrow derived hMSCs (PoieticsTM,
Lonza, Basel, Switzerland) were cultured. PEMF were produced

by OSSATEC® Bone growth stimulation device (Uden, The Nether-
lands) using continuous stimulation. To test the effect of DHEA, the
cells were cultured in 1, 10 uM or 100 uM DHEA (Sigma Aldrich, St.
Louis, MO, USA), with and without 100 nM dutasteride (Avodart®,
GlaxoSmithKline), which inhibits type | and Il 5-alpha-reductase.
Proliferation was studied using the MTT-method at days 4-21 and
differentiation at days 1-28 with quantitative real time polymerase
chain reaction and staining of osteogenic markers. Results and dis-
cussion PEMF promoted the proliferation rate of both cell types and
DHEA decreased it in a concentration dependent manner. PEMF
stimulation increased hMSC proliferation by 16% at day 14 and
Sa0S-2 proliferation by 30% at day 11 compared to non-stimulated
cells. DHEA treatment decreased the proliferation rate of hMSCs by
58% at day 21 and proliferation of SaOS-2 cells by 35% at day 14
compared to non-stimulated cells (p < 0.001 for all comparisons).
DHEA clearly promoted the osteogenesis of hMSCs, which were
induced to osteogenesis with beta-glyserophosphate, ascorbate
and dexamethazone. Alkaline phosphatase, SMAD1, RUNX2, osteo-
calcin (OC) and osteopontin (OP) RNA levels were increased and
Alizarin red S and hydroxyapatite specific OsteolmageTM stainings
showed mineralization. In addition, DHEA increased OC and OP
mRNA levels of non-induced hMSCs. At this low seeding density,
3000 cells/cm2, PEMF did not have major effects on osteogenesis,
which is logical as proliferation and differentiation are generally
considered opposite and mutually exclusive states in cell biology,
with proliferation being followed by differentiation. Conclusions
PEMF stimulated the proliferation of hMSCs and Sa0OS-2 cells and
DHEA stimulated the osteogenic differentiation of hMSCs.
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EXPANSION AND DIFFERENTIATION OF HUMAN
MESENCHYMAL STROMAL CELLS

Sinor-Anderson, Amy D., Carter, Stephanie M., Rgske-Nielsen,
Allan, Gjelstrup, Louise, Marwood, Tina K.
Thermo Fisher Scientific, Roskilde, Denmark

Human mesenchymal stromal cells (hnMSC) are candidates for
clinical use because they are readily expanded in culture, have
immuno-modulatory potential and can differentiate into the
osteogenic, chondrogenic and adipogenic lineages. Their thera-
peutic potential is currently studied as part of clinical trials to treat
diseases such as graft-versus-host disease and osteoarthritis, as
well as in the regeneration of cardiac muscle following myocardial
infarcts. Whether the requirements are for clinical or research use,
obtaining a substantial number of cells can constitute a bottleneck
for the investigator. \MSC display some plasticity in their culture
conditions, but several investigators report a higher growth index
and increased differentiation potential at lower seeding densities.
We present here a protocol enabling the clinician or researcher

to rapidly expand a population of hMSCs on Thermo Scientific
Nunclon Delta cell culture treated surface utilizing the potential

of Thermo Scientific HyClone AdvanceSTEM Mesenchymal Stem
Cell Basal Medium, developed specifically for the optimal expan-
sion and maintenance of undifferentiated hMSCs. A definite test of
multi-potency is a functional test. In consequence, we subjected
the expanded hMSC to differentiation. The cells were differentiated
into osteoblasts or adipocytes in Nunc 48 well multidishes.

Poster Board Number: T-2150

EFFECTS OF VALPROIC ACID ON THE EXPRESSION
OF NEUROTROPHIC FACTORS IN HUMAN BONE
MARROW MESECHYMAL STEM CELLS

Cho, Goang-Won', Koh, Seong-Ho? Kang, Byung Young? Noh, Min-
Young? Kim, Hee J.2, Kim, Kyung S.2, Kim, Seung H.?
'Biology, Chosun University, Seoul, Korea, Republic of, °Neurology, Hanyang

University Hospital, Seoul, Korea, Republic of, *Corestem, Seoul, Korea, Republic
of

Human bone marrow-mesenchymal stromal cells (hBM-MSCs) can
differentiate into diverse cell types and secrete a variety of trophic
factors, which provides an excellent cell therapy tool for disease
models. However, limited efficacies have been reported in autolo-
gous or allogeneic stem cell transplantation. For the improvement
of efficacy of stem cell therapy, the optimized conditions of stem
cells need to be defined. In this study, we have evaluated the ef-
fects of valproic acid, known as HDAC inhibitor, in human BM-MSCs
and identified the increment of trophic factors including ANG,
BDNF, ECFG1, GDNF, HGF, IGF, PIGF, TGF-1p, and B-Pix in 200 pg/ml
VPA treated MSCs for 12 hours. The MSCs were not changed their
features in this conditions. MSCs also have presented the increased
cell protective effect against oxidative injuries tested by MTT assay
and improved migratory ability examined by Boyden chamber in
this VPA treated condition. It suggests that the natural deficit MSCs
from unhealthy donor may be improved their capacities by treat-
ment of VPA with optimal dose and time, which may help better
efficacies in stem cell therapy.
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EFFECT OF T3 ON CHONDROGENESIS IN VITRO
OF HUMAN MESENCHYMAL STEM CELLS FROM
UMBILICAL CORD STROMAL SOURCE

Arufe Gonda, Maria', de la Fuente, Alexandre?, Mateos, Jesus?,
Fuentes-Boquete, Isaac’, De Toro, Javier', Blanco, Fco.2
'Medicine, Univ of A Coruia, A Coruia, Spain, ?INIBIC, A Coruiia, Spain

There are evidences about the thyroid hormone role into chondro-
genesis but its molecular implication is not clear. The current study
treats to answer this question working about a new in vitro model
of chondrogenesis using mesenchymal stem cells (MSCs) from hu-
man umbilical cord stroma tissues The umbilical cord tissues were
obtained from caesareans from healthy women in the Maternity Fa-
cility at Complejo Hospitalario Universitario de A Corufia under the
supervision of the hospital ethic committee. MSCs were isolated
from umbilical cord stroma tissue using an enzymatic digestion
and cultured the cells adhered to the plastic plate. Chondrogenic
process was performed using our model which consisted in grow-
ing the cells during two days in medium with FCS 10% in DMEM.
After 2 days the medium was replaced by a medium with KO serum
and TGF-83 which induces the chondrogenesis through spheroid
formation. Different amounts of human T3 (1, 10 or 100 ng/mL)
were adding to the medium to test their role into chondrogenesis
process, also different experiments with T3 alone or together with
M151, a specific steroid covalent receptor type 2 (SCR2) inhibitor,

in the chondrogenic medium, were performance to check which
was the T3 receptor which had an active role in the chondrogen-
esis. Spheroids made by this method were collected after 7, 14 and
28 days in culture and storage at -20°C for their posterior analysis.
Immunohistochemistry analysis of spheroids against COL2, COL1
and aggrecane stain was performed to check chondrogenic dif-
ferentiation stage and quantitative RT-PCR to check expression of
COL2, COLT and SOX9 genes also was made. Furthermore, proteins
involved into Wnt (B-catenin and GSK3-f) and Notch (Notch2 and
Jagged) pathways were analyzed by western. Immunohistochem-
istry analysis of the tissues from the spheroids demonstrated that
100 ng/mL of T3 improved significantly (P<0.05) the COL2 and
aggrecane staining after 14 days into chondrogenic medium versus
chondrogenic medium without T3. This improving was totally with-
drawal when the SCR2 inhibitor, M151, was added to the medium
at 2.5 ng/mL dose. Quantitative RT-PCR analysis confirm the immu-
nohistochemistry results, improving significantly (P<0.05) the COL2
and aggrecane gene expression after 14 days into chondrogenic
medium when 100 ng/mL of T3 was present and revealed that
expression of COL1 was significantly increased (P<0.05) when M151
(2.5 ng/mL) was added to this medium. Western analysis indicated
that B-catenin was increased in the spheroids when T3 (100 ng/mL)
was in the medium after 14 days (2 fold) with respect to medium
alone and was decreased until basal levels found in spheroids
growth into medium without T3, when M151 (2.5 ng/mL) was
present in the medium. Notch2 was increased (2 fold) during the
chondrogenesis when T3 was present in the medium with respect
to medium alone and the opposite effect was found when M151
was present in the medium. T3 is improving the chondrogenic dif-
ferentiation of mesenchymal stem cells from umbilical cord tissue
in our in vitro model. That effect is mediated through SCR2 as well
as T3 is associated the expression of 3-catenin and Notch2 in our
chondrogenic model.
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MACROMOLECULAR CROWDING AND HUMAN
MESENCHYMAL STEM CELL DIFFERENTIATION

Rashid, Rafi, Raghunath, Michael, Wohland, Thorsten
National University of Singapore, Singapore, Singapore

The ex vivo expansion of stem cells is an important step towards
realizing the great potential of stem cell-based therapy in modern
medicine. Stem cells are promising therapeutic agents because
they could serve as a source of replacement tissues and organs.
Cell-based therapies involve removing cells from a physiological en-
vironment and propagating them in an artificial cell culture system.
A challenge in stem cell research today is ensuring that therapeuti-
cally adequate numbers of cells are produced for subsequent trans-
fer to a patient. The non-physiological conditions to which cells are
exposed during their lengthy ex vivo cultivation compromise their
phenotype. Cells function less efficiently, resulting in sub-optimal
proliferation and differentiation. The ex vivo differentiation of
hMSCs into the adipogenic lineage is enhanced dramatically when
a Ficoll mixture is used as a macromolecular crowder in the dif-
ferentiation protocol. Macromolecular crowding is known to affect
molecular diffusion and biochemical reaction rates. Fluorescence
correlation spectroscopy (FCS) is a powerful single-molecule-sen-
sitive technique that has been used extensively to study dynamic
molecular processes in living cells and organisms. We have used
FCS to probe diffusive events in different experimental systems.
Our goal is to understand how Ficoll interacts with hMSCs and
improves their proliferation and differentiation. We have found that
molecular diffusion in the cell surface membrane and in supported
lipid bilayers (SLBs) is not changed significantly by the crowder,
suggesting that Ficoll does not directly alter membrane proper-
ties and cell surface signalling. We have measured the diffusion of
fluorophore-labelled Ficoll 70 and Ficoll 400 in the cytoplasm of
hMSCs as well as in solutions of physiologically relevant concentra-
tions of unlabelled Ficoll 70 and Ficoll 400. By using an appropriate
data fitting model, we are able to describe the mode of diffusion
occurring in the cytoplasm and solutions. Ficoll 70 and Ficoll 400
undergo anomalous subdiffusion (ASD) in the cytoplasm of hMSCs.
In the solutions, however, the degree of anomalous subdiffusion is
lower than it is in cytoplasm. However, we have data that conclu-
sively show that the same concentrations of Ficoll 70 and Ficoll

400 increase actin polymerization reaction rates in vitro. We have
also determined that Ficoll increases the rate of in vitro collagen
aggregation. As collagen is a principal component of the extracel-
lular matrix (ECM), we hypothesize that the excluded volume effect
caused by Ficoll in the stem cell culture media directly affects the
rate of deposition of ECM. Based upon our data, we conclude that
Ficoll crowders have a greater effect on biochemical reaction kinet-
ics than on molecular diffusion. Ficoll is thus an effective modulator
of the ex vivo behaviour of hMSCs.
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ISOLATION AND CHARACTERIZATION OF
MESENCHYMAL-LIKE STEM CELLS FROM HUMAN
SALIVARY GLAND

Baek, Hyunjung, Choi, Youngwook, Jeong, Jaemin, Kwon,
Heechung

Korea Institute of Radiological & Medical Sciences, Seoul, Korea, Republic of
Salivary glands produce and secret saliva. Stem cells of salivary
gland are known to regenerate and ameliorate on their function af-

ter damage. Here we report that salivary gland stem cells were iso-
lated from human salivary glands. In order to effectively isolate and
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amplify stem cells in large amounts from submandibular glands, we
developed a culture system (lasting four to five weeks) without any
selection. After five passages, we found adherent cells which have
expressed MSC surface antigen markers such as CD44, CD49f, CD90
and CD105, not including CD34 and CD45 hematopoietic stem

cell marker. As we expected, these cells were differentiated into
adipogenic, osteogenic, and chondrogenic cells with tissue-specific
induction medium. Finally, the mesenchymal-like stem cells were
isolated from submandibular gland and have great potential to can
be used to regeneration of other organ.
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ANALYSIS OF THE PROSPECTIVE CELL SURFACE
MARKERS FOR HUMAN MESENCHYMAL STEM
CELLS THAT READILY DIFFERENTIATE INTO
CARDIOMYOCYTES.

Ishimine, Hisako', Kurisaki, Akira’, Yamakawa, Norio', Sasao, Mari?,
Tadokoro, Mika?, Kami, Daisuke?, Ohgushi, Hajime?, Umezawa,
Akihiro®, Asashima, Makoto'

'Research Center for Stem Cell Engineering, National Institute of Advanced
Industrial Science and Technology, Tsukuba, Japan, ?Health Research Institute,
National Institute of Advanced Industrial Science and Technology, Amagasaki,
Japan, *Department of Reproductive Biology and Pathology, National Research
Institute for Child Health and Development, Setagaya, Japan

Myocardial infarction caused by chronic atherosclerosis of the
coronary artery could induce heart failure with high mortality.
Because myocardium has very limited ability of regeneration, heart
transplantation is currently considered to be the most effective
treatment for severe heart failure. In the case of patients with some
remaining heart functions, ventricular assist devices can be used to
complement their lost functions. For severe patients who need to
replace their heart, artificial hearts are used in order to bridge the
time to heart transplantation for a limited period of time. However,
at present these devices cannot be used forever, and long-time
antithrombogenicity, biocompatibility, reliability and durability are
needed to be improved. On top of that, limited number of donor
for heart transplantation causes serious issues of this methodol-
ogy. Recently, stem cell therapy is expected to be the alternative
regenerative medicine for heart failure. In addition to pluripotent
embryonic stem (ES) cells and induced pluripotent stem (iPS) cells,
Mesenchymal stem cells (MSCs) are one of the most promising
stem cell sources for regenerative medicine. MSCs have been stud-
ied extensively and shown to differentiate into various cells includ-
ing bone, cartridge, fat, neuron, skeletal muscle, and cardiac muscle
lineages in vitro. MSCs can readily differentiate into osteoblasts,
chondrocytes and adipocytes, but they do not differentiate into the
other type of tissue cells, such as cardiomyocytes, at high efficiency.
Recent reports suggested that delivery of adult MSCs into ischemic
tissue augments the recovery of cardiac function after ischemia

in vivo. The effects induced by MSCs are generally temporary and
limited.In this study, we investigated prospective cell surface
markers that enable to enrich cardiomyogenic progenitors from
MSCs derived from human bone marrow or adipose tissues. We
analyzed the cell-surface expressions of trans-membrane protein
markers that are essential during heart development using various
human MSCs and various human MSC cell lines were co-cultured
on mouse cardiomyocytes. These differentiated cells expressed
terminally differentiated cardiomyocyte-specific markers, such as
a-actinin, cardiac troponin T, and connexin-43. We found that cell-
surface expression of N-cadherin shows the best correlation to the
transdifferentiation potential into cardiomyocytes. In contrast, MSC
cell lines with low expression of N-cadherin showed apparently less
differentiation abilities toward cardiomyocytes. Similar correlation
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was also observed with primary human MSCs derived from bone
marrow and adipose tissue. We further demonstrated that the cell
population with higher cardiomyogenic potential can be isolated
from heterogeneous primary MSCs using N-cadherin antibody
immunoaffinity beads. N-cadherin-high MSC population separated
by anti-N-cadherin antibody beads revealed significantly higher
expression of Nkx2.5 and GATA4 mRNAs and higher differentiation
abilities into cardiomyocytes than those of N-cadherin-low expres-
sion. Our results suggested that N-cadherin could be a prospective
cell surface marker for MSCs that have higher cardiomyogenic
potential.
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CHARACTERIZATION OF OSTEOPROGENITORS
FUNCTIONALLY ISOLATED FROM HUMAN
MESENCHYMAL STEM CELLS BY A RUNX2-
RESPONSIVE REPORTER ADENOVIRUS

Bruderer, Marco', Stoddart, Martin J.", Vogel, Viola?, Alini, Mauro’
'"Musculoskeletal Regeneration Program, AO Research Institute Davos, Davos,
Switzerland, 2Laboratory for Biologically Oriented Materials, Department of
Health Sciences and Technology, ETH Zurich, Zurich, Switzerland

Objective: Mesenchymal stem cells (MSC) are a heterogeneous cell
population characterized by their self-renewal capability and their
multidifferentiation potential. Current isolation methods of MSCs
are still rudimentary due to the lack of a unique marker. Here, we
report a novel method for the isolation of osteoprogenitors from
human MSCs, along with the characterization of the resulting cell
populations. A subpopulation of MSCs was functionally identified
and isolated by coupling the expression of the key osteogenic
transcription factor Runx2 to the expression of enhanced green
fluorescent protein (EGFP) via a Runx2 reporter adenovirus. On that
basis, fluorescing cells can be selected by means of fluorescence
activated cell sorting (FACS). Material and methods: MSCs were
obtained from bone marrow aspirates by Ficoll separation and cell
attachment to plastic. MSCs were expanded in the presence of
bFGF. Cells were infected with the Runx2 reporter adenovirus using
lanthofection at 100 MOI. Cells were then subjected to osteogenic
induction for 3 days and sorted by means of FACS. The result-

ing cell populations, namely Runx2 GFP+, Runx2 GFP-, and the
unsorted cells, were separately expanded in the presence of bFGF,
and thereafter subjected to comparative investigation of their in
vitro osteogenic differentiation potential. Characterization of the
cell populations was substantiated with the assessment of their
proliferative capacity. Osteogenic differentiation was evaluated

by alkaline phosphatase (ALP) activity at d7, 14, and 21, as well as
45Ca incorporation at d21. To perform the functional analysis of
the Runx2 binding sites, a Runx2-driven luciferase reporter plasmid
as well as Runx2 expressing and non-expressing effector plasmids
were prepared. Results: Colony forming unit (CFU) analysis at d14
revealed that Runx2 GFP+ cells proliferate at a slower rate than the
other two cell populations. This suggests that Runx2 GFP+ cells
show a more committed/differentiated phenotype than the other
two cell populations. ALP activity of Runx2 GFP+ cells was shifted
towards earlier timepoints of osteogenic differentiation, showing
highest ALP activity at d7 as opposed to d14 for the other two cell
populations. 45Ca incorporation to assess matrix mineralization
was massively higher for osteogenically differentiated Runx2 GFP+
cells than for the other cell populations treated with the same
medium. Results of both assays are in accordance with each other,
indicating that Runx2 GFP+ cells are more osteogenic than Runx2
GFP- and unsorted cells. Further, we investigated the functionality
and specificity of the reporter by means of luciferase assay at 48
hours post-transfection. Upon cotransfecting Hela cells (which do
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not express Runx2) with a Runx2 expressing effector plasmid and

a luciferase reporter plasmid driven by the same Runx2 binding
sites used in the Runx2 reporter adenovirus, a clear transactivation
can be seen compared to the Runx2 non-expressing cotransfec-
tion control. These findings indicate that the Runx2 binding sites
are responsive to Runx2 protein. Conclusion: We have utilized a
Runx2-responsive reporter adenovirus to sub-divide osteogenically
induced human MSCs. Reporter-positive subpopulation displays
characteristics appropriate for osteoprogenitors: (1) a slower prolif-
eration rate, and (2) a more osteoblast-like phenotype upon in vitro
osteogenic differentiation, as compared with reporter-negative as
well as original cell population.
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MODULATION OF HUMAN MESENCHYMAL STEM
CELL BEHAVIORS BY NANOSCALE GROOVE
PATTERN TOPOGRAPHY

Kim, Mun-Jung’, Lee, Bora?, Yang, Kisuk’, Park, Hyun-Ji', Im, Sung
Gap?, Cho, Seung-Woo'

'Department of Biotechnology, Yonsei University, Seoul 120-749, Korea,
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of

Cell-substrate interactions are crucial for controlling diverse cellular
behaviors. In particular, surface topographical effects of culture
substrate are known to modulate adhesion, alignment, prolifera-
tion, and differentiation of stem cells. In this study, we investigated
the effects of nanoscale topographies on the behaviors of human
mesenchymal stem cells (RMSCs). Human adipose tissue-derived
MSCs were cultured on polyurethane acrylate (PUA) nanopatterned
surfaces (150-300 nm in width, 300-600 nm in pitch, and 200 nm

in depth) grafted with glycidyl methacrylate (GMA) by initiated
chemical vapor deposition (iCVD) technique. The surfaces of PUA
substrates were modified with GMA group for potential grafting of
bioactive molecules with functional groups that have the bind-

ing affinity to GMA. Live/Dead staining assay revealed that there
was no significant difference in hMSC viability and proliferation
between GMA-coated and uncoated PUA nanopattern groups,
indicating that iCVD-mediated GMA coating did not cause signifi-
cant cytotoxicity. The morphological changes of hMSCs cultured
on the GMA-coated PUA groove nanopatterned surfaces were
examined by F-actin cytoskeleton (phalloidin) staining and com-
pared with those of hMSCs on the GMA-coated PUA flat surfaces.
Interestingly, the culture on the groove nanopatterned surfaces
significantly promoted elongation and alignment of hMSCs along
with the axis, whereas hMSCs cultured on the flat surfaces did not
exhibit such elongated and oriented morphology. Given that GMA
contains epoxy group that can readily bind to amine functional
group, diverse bioactive molecules including growth factors and
adhesion peptides can be easily immobilized onto the GMA-PUA
nanopatterned surfaces. Therefore, combinatorial effects of surface
topography and bioactive molecules will be examined for enhanc-
ing proliferation and lineage-specific differentiation of hMSCs in
future study. Acknowledgment: This study was supported by grants
(2010-0025982, 2010-0022037, and 2011-0027538) funded by the
National Research Foundation of Korea.

Poster Board Number: T-2157

GENERATION OF PRE-ADIPOCYTES FROM HUMAN
ADIPOSE DERIVED STEM CELLS AND HUMAN
PERIPHERAL BLOOD STEM CELLS

Denman, Desiree, Rodriguez, Alexx, Patch, Tonia, Sugaya,
Kiminobu

Burnett School of Biomedical Sciences, University of Central Florida, Orlando,
FL, USA

Mesenchymal stem cells (MSCs) are found throughout the body
and can be harvested from many sources including, blood, bone
marrow, and adipose tissue. Their multipotency enables them to
give rise to a variety of different linages, such as, adipocytes, osteo-
blasts and chondrocytes. MSCs have been terminally differentiated
into the above mentioned lineages using an array of techniques
and commercially available kits. Current protocols, suggest the use
of a cocktail of differentiation inducers to commit MSCs into certain
cell lineages, such as, 3-isobutyl-1-methyl-xanthine, dexametha-
sone, insulin, and indomethacin to guide MSCs to the adipose
lineage. A recent study also shows that adipose lineage commit-
ment can be induced in murine embryonal MSCs by treatment with
bone morphogenic protein-4 (BMP-4) alone. Thus, we hypothesize
that stem cells isolated from blood and adipose tissue treated

with BMP-4 will also demonstrate commitment to the adipose
lineage. Exposure of MSCs to BMP-4 directs them to the adipocyte
lineage by differentiating the MSCs into pre-adipocytes (PAs). PAs
are adipocyte precursor cells that are fibroblast-like in nature and
maintain the capacity for self-renewal. Their ability to self renew
plays a central role in maintaining adipocyte populations in the
body. The presence of intracellular lipid droplets, found in PAs and
adipocytes, is a strong indicator a cell is from the adipose lineage.
Oil Red O, a lysochrome diazo dye, is used to visualize the formation
of lipid droplets within cells. Oil Red O staining of BMP-4 treated
cells obtained from two sources, blood and adipose tissue, con-
firmed the presence of lipid droplets suggesting that BMIP-4 alone
can force commitment to the adipose lineage. However, both PAs
and adipocytes contain lipid droplets, therefore to further identify
whether the BMP-4 treated cells were PAs and not adipocytes, they
were tested for markers specific to PAs. Antibody staining showed
positive for the expression of PA markers, and were negative for
adipocyte markers in the BMP-4 treated cells. In conjunction, these
two staining methods demonstrate that adipose commitment is
possible in cells obtained from blood or adipose tissue through
exposure to BMP-4 alone. The ability to create PAs derived from
blood and adipose tissue will eliminate the need for using bone
marrow, a very invasive method of collecting MSCs. Additionally,
the self-renewal potential of PAs makes them a good alternative

to lipoinjection therapies. Current therapies use lipoaspirates that
are heterogeneous cell populations and contain low numbers of
adipocyte precursor cells. A low population of PAs fails to establish
an adipocyte regeneration pool, making the effects of lipoinjecton
short term. Thus, increasing the population of PAs before injection
may increase the longevity of current lipoinjection procedures
ensuring a more effective treatment.
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MITOCHONDRIAL ALTERATIONS DURING
ADIPOGENIC DIFFERENTIATION OF
HUMAN ADULT MESENCHYMAL STEM CELL

Kumar, Vinod

Department of Translational and Regenerative Medicine, Post gradugate
institute of medical education and research, CHANDIGARH, India

Mesenchymal stem cells (MSCs) received increased attention due
to their invaluable potential to differentiate into all kind of cell
lineages that can replenish the cell pool. However little effort has
been made in studying the metabolic aspects of stem cells. This
importantly involves mitochondrial alteration i.e. mitochondrial
number, membrane potential, ROS production and cellular redox
status.

We studied the mitochondrial alteration including their membrane
potential (MMP), cellular load, production of superoxides and
peroxides during adipogenic induction of human adult mesenchy-
mal stem cells. Human adult mesenchymal stem cells were isolated
from adult human bone marrow after consent. These MSCs were
characterized for the presence of stem cell surface marker i.e. CD90,
CD105 and CD 73 along with the absence of hematopoietic lineage
makers CD34 and CD45. They were successfully differentiated them
into hepatocytes, oseocytes and adipocyte and characterized using
lineage specific stains (glycogen storage using PAS stain and ICG
uptake, alizarin-red, Oil Red -O stain respectively). For targeted
study, MSCs were induced with adiopogenic medium (dexametha-
sone, insulin, IBMX, indomethacin) and the mitochondrial altera-
tions (peroxide and superoxide levels, mitochondrial load and mito-
chondrial membrane potential) was analysed from day of induction
to 21 days. All the mitochondrial alterations were analyzed by
flowcytometery. Cells were incubated with DCFH-DA for peroxide
and DHE for superoxide for 45mints at 37°C. For mitochondrial load
and MMP cells were incubated with NAO for 30 mints and JC-1 for
10 mints at 37°C respectively within 24 hrs of induction. Peroxide
level decreased by 12% and mitochondrial load by 17%. Peroxide
production gradually decreased after 2nd day of differentiation
whereas mitochondrial load remained unchanged throughout

the differentiation period of 21 days. The superoxide level and
mitochondrial membrane potential increased by 7% and 9% re-
spectively within 24hr of induction, after that there was continuous
decrease in the superoxide level with the progression of differentia-
tion while the mitochondrial membrane potential decreased upto
day 4 and after it become stable. Conclusion: Adipogenic induc-
tion decreased the peroxide levels, which are complemented by
decreased mitochondrial load, and increased superoxide levels. The
significance of these changes needs further studies. DCFH-DA: 2; 7'
- dichlor[[Unsupported Character - &#64258;]Juorescein diacetate;
DHE: dihydroethidium; NAO: 10-nonyl acridine orange; JC-1: 5, 5K,
6, 6k-tetrachloro1,1KX,3,3X-tetramethylbenzimidazolylcarbocyani

ne iodide; IBMX:1-methyl-3-(2-methylpropyl)-7H-purine-2,6-dione;
PAS: Periodic acid-Schiff ; ICG: indocyanine green.
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ENHANCEMENT DIFFERENTIATION OF HUMAN

INFRAPATELLAR FAT PAD STEM CELLSIN A
HYALURONAN-ENRICHED MICROENVIRONMENT

DING, DAH-CHING, Chu, Tang-Yuan
Dept of OBGYN, Buddhist Tzu Chi General Hospital, hualien, Taiwan

Microenvironment plays a critical role in guiding stem cell differen-
tiation. We investigated the effect of a hyaluronan (HA)-enriched
microenvironment on chondrogenesis of human infrapatellar fat
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pad stem cells (IFPSC). The IFPSC were obtained from patients
undergoing arthroscopy. HA-coated culture wells were used as
HA-enriched microenvironment. The mRNA expression of chondro-
genic, adipogenic and osteogenic marker genes were quantified by
real-time polymerase chain reaction. Sulfated glycosaminoglycan
(sGAG) deposition was detected by Alcian blue assay. The IFPSC
cultured in HA-coated wells (HA concentration from 25 to 100%)
showed enhanced aggregation and increased sGAG deposition.
The migration of IFPSC was promoted under chondrocyte condi-
tion medium. Our results suggest that HA-enriched microenviron-
ment induces chondrogenesis in IFPSC, which may be beneficial in
articular cartilage tissue engineering.
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UTILIZING COMPARATIVE GENOME-WIDE
EPIGENETIC AND TRANSCRIPTIONAL ANALYSIS
TO IDENTIFY AND CHARACTERIZE NOVEL
REGULATORS OF INFLAMMATION IN HUMAN
PRIMARY ADIPOSE TISSUE.

Camahort, Raymond’, Deo, Rahul?, Cowan, Chad'

"Harvard Stem Cell Institute, Harvard University, Cambridge, MA, USA,
2University of California, San Francisco, San Francisco, CA, USA

Over the past several years it has been increasingly recognized that
obesity is a strong contributing factor to a number of human dis-
eases including cardiovascular disease, cancer, and most notably,
type Il diabetes (T2D). One of the underlying features of the obesi-
ty-related insulin resistance observed with T2D is chronic low-grade
inflammation of adipose tissue. This inflammation is characterized
by a marked increase in macrophage infiltration into adipose tissue
with concomitant pro- inflammatory cytokine secretion. While sev-
eral recent studies have highlighted the link between obesity and
inflammation, the signals and mechanisms that trigger and main-
tain the inflammatory response are not well understood. In order
to better understand the role obesity is playing in inflammation-
mediated T2D, it is imperative to better understand the regulation
and function of immune modulating factors in adipocytes. Unfortu-
nately there are currently no robust in vitro model systems to study
adipose inflammation. A well-established model of adipocyte func-
tion is based on the use of cultured adipose derived mesenchymal
stem cells (ADMSCs). ADMSCs can be physically transitioned from a
fibroblast-like state to an adipocyte-like state using hormones and
mitogens. Although this tool has been very helpful for studying
the development and function of fat cells in vitro, ADSMC-derived
adipocytes are not exposed to the immune factors found in vivo,
therefore studying ADMSC-derived adipocytes alone is not an ideal
model for understanding mechanisms of adipose tissue inflamma-
tion. To bridge this gap between in vitro and in vivo adipocytes we
have devised a genome-wide epigenetic and transcriptional screen
to identify novel regulators of adipose inflammation. By comparing
sites of histone H3 lysine 4 methylation (H3K4me1, active pro-
moter/enhancer mark) and whole genome transcriptional profiles
between primary human adipocytes from several obese donors

to donor-matched ADMSC-derived adipocytes we have identified

a novel transcription factor which may play a role in regulation of
inflammation-mediated insulin resistance. Ectopic expression of
this single transcription factor in ADSMC-derived adipocytes leads
to upregulation of several transcriptional pathways characteristic of
an immune response. In addition, these adipocytes exhibit several
robust phenotypes characteristic of inflamed adipose ti