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he effect of hypoxic preconditioning on adult stem
ell differentiation, function, and angiogenesis
amid Abdollahi MD, Lisa J Harris MD, Stephen McIlhenny BS,
ing Zhang PhD, Matthew Ferroni BS, Thomas Tulenko PhD,
aul DiMuzio MD
homas Jefferson University, Philadelphia, PA

NTRODUCTION: This study evaluates the effect of hypoxia on
SC differentiation and function.

ETHODS: Human ASCs (CD13�29�90�) isolated from peri-
mbilical fat were cultured in EC-differentiating medium at nor-
oxic or hypoxic conditions for up to 2 weeks. We assessed EC

ifferentiation (expression of CD31, vWF, and eNOS) and stem cell
arkers (OCT4, SOX2, Nanog, KLF4) by RT-PCR. We evaluated

he response to hypoxia (expression of HIF-1alpha) by immunoblot,
nd quantified VEGF expression by ELISA. Last, we evaluated an-
iogenic potential by observing capillary-like structure formation on
atrigel.

ESULTS: After differentiation in normoxia, ASCs expressed the
C markers CD31 and vWF. Growth in hypoxia suppressed these
hanges in a time-related manner, suggesting promotion of stemness
ather than differentiation. We did not, however, observe expression
f any stem cell markers in hypoxia. We did observe upregulation of
IF-1alpha protein in response to hypoxia by 24 hours, with up-

egulation of VEGF mRNA by RT-PCR over 2 weeks. VEGF protein
howed significant increase with exposure to hypoxia in a time-
elated manner (19.8 vs 11.9 pg/mL, day 4; P�.01); this was also
uantified at the mRNA level where there was a 2.5-fold increase of
EGF at day 4. Conditioned medium from hypoxic cultures of ASC
romoted formation of capillary-like structures by EC.

ONCLUSIONS: These data suggest that hypoxia suppresses endo-
helial differentiation but serves as a potent stimulus of VEGF pro-
uction likely by upregulation of HIF-1alpha. Given the known
ericapillary location of ASCs in vivo, these findings support the
ypothesis that ASC plays an important role in angiogenesis in re-
ponse to tissue ischemia.

tabilization of hypoxia-inducible factor-1 enhances
roangiogenic potential of bone marrow–derived
esenchymal stem cells

ae Hee Ko MD, Denise A Chan PhD, Jason P Glotzbach MD,
mato J Giaccia PhD, Geoffrey C Gurtner MD, FACS,
ichael T Longaker MD, MBA, FACS

tanford University, Stanford, CA

NTRODUCTION: Hypoxia-inducible factor-1 (HIF-1) plays a cen-
ral role in cell survival during hypoxia by activating multiple down-
tream proangiogenic genes. However, polyl hydroxylase domain-2
PHD-2) protein induces degradation of HIF-1 during normoxia.
ecent evidence indicates that hypoxia facilitates bone marrow–
erived mesenchymal stem cell (bmMSC) response to injury and
eovascularization. This study evaluates the effect of normoxic
IF-1 stabilization by silencing PHD-2 on the proangiogenic po-
ential of bmMSC. m
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ublished by Elsevier Inc.
ETHODS: A self-inactivating lentiviral vector expressing an
hRNA sequence against PHD-2 or a scrambled shRNA sequence
as generated. Early passage mouse bmMSC were transduced with

he lentivirus and subjected to puromycin selection for stable trans-
ene expression. QRT-PCR and Western blot were performed to
etermine the expression of PHD-2, HIF-1a, and VEGF. The trans-
uced cells were also plated on matrigel in the presence or absence of
ouse endothelial bEnd.3 cells and assessed for tube formation.

ESULTS: Compared with the scrambled shRNA as control, trans-
uction with the lentiviral shRNA against PHD-2 significantly ab-
ogated expression of PHD-2 (*p�0.001) and increased expression
f HIF-1 and VEGF in bmMSC. When plated on matrigel, the
HD-2 knockdown bmMSC migrated and aligned to create sprout-

ng capillary tubes, in marked contrast to control cells that remained
s round cells. In coculture with bEnd.3 cells, complex meshlike
tructures formed where the HIF-1 stabilized bmMSC appeared to
nteract and recruit the endothelial cells.

ONCLUSIONS: RNAi-mediated silencing of PHD-2 in bmMSC
tabilized HIF-1 under normoxia and increased in vitro angiogenesis.
his shRNA interference in bmMSC can improve their potential use

n cell-based therapies for vascular disease and wound healing.

argeting of tumor angiogenesis using engineered
rojan Horse mesenchymal stem cells
laudius Conrad MD, PhD,* Yves Hüsemann PhD,
anno Niess MD, Irene von Lüttichau MD, PhD,
alf Huss MD, PhD, Christian Bauer MD, PhD,
arl-Walter Jauch MD, PhD, Christoph Klein MD, PhD,
hristiane Bruns MD, PhD, Peter Nelson MD, PhD
assachusetts General Hospital, Boston, MA

NTRODUCTION: Tumor angiogenesis represents a promising tar-
et for the selective delivery of cancer therapeutics.

ETHODS: We developed a novel combined gene/stem cell con-
truct composed of engineered, bone marrow–derived mesenchymal
tem cells (MSCs) and a differentiation-specific toxic gene product to
electively target exogenous genes to tumor angiogenesis environ-
ents. The stem cell component of the construct consisted of engi-

eered, immortalized MSC lines that show remarkable pluripotency
nd readily generate new vessel growth. When injected into the pe-
ipheral circulation, the cells were actively recruited to growing tu-
or vasculature of a murine orthotopic pancreatic and a spontaneous

reast cancer model. The MSCs were engineered to express the her-
es simplex virus-thymidine kinase (TK) gene under the control of
he Tie2 promoter enhancer, which effectively directs expression of
K when the MSCs develop endothelial-like characteristics. The TK
ene product in combination with the prodrug ganciclovir (GCV)
roduces a potent toxin, which affects replicative cells.

ESULTS: Due to selective stem cell homing into the tumor neo-
ngiogenesis and gene transcription after initiation of differentiation
nly, this therapy creates a toxic environment that is tumor-specific.
oreover, efficacy of this construct was demonstrated by significant

eduction in tumor growth and prolongation of life in both tumor

odels.
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ONCLUSIONS: This Trojan Horse combined stem cell/gene ther-
py can be a novel treatment strategy for effective patient-tailored
herapy of solid tumors.

igh expression levels of putative hepatic stem/
rogenitor cells biomarkers related to tumor
ngiogenesis and poor prognosis of hepatocellular
arcinoma
ang Xu MD, PhD, Fan Jia MD, Yang Xin-Rong PhD, Yu Bin PhD
iver Cancer Institute, Fudan University, Shanghai, China

NTRODUCTION: It has been reported that cases of hepatic stem
ell–like hepatocellular carcinoma (HCC) subtypes had poor prog-
osis. More studies are still needed to investigate the prognostic
alues and the precise mechanisms of putative hepatic stem/
rogenitor cells (HSCs/HPCs) in HCC patients.

ETHODS: Fourteen biomarkers related with HSCs/HPCs or tu-
or angiogenesis were assessed by qRT-PCR and then validated by

issue microarrays (TMAs) in 3 independent cohorts of HCC pa-
ients who underwent curative resection (n � 67, 314, and 73).

ESULTS: Most of the biomarkers were found overexpressed in
ecurrent HCC patients by qRT-PCR. HSCs/HPCs biomarkers cy-
okeratin 19, ABCG2, CD133, Nestin, CD44 and angiogenesis
gents CD34, VEGF, and PD-ECGF were confirmed as significant
redictors for overall survival (OS) and/or relapse-free survival (RFS)
n TMAs analysis. Compared with the low HSCs/HPCs profile
roup, patients with high HSCs/HPCs profile had significantly
ower OS and RFS (p�0.0001) and expressed higher VEGF levels
p � 0.012) and microvessel density (MVD; determined by CD34
mmunostaining; p � 0.030). Based on Cox regression, a simplified

odel including CD133, CD44, Nestin, and MVD was constructed
nd confirmed as an independent predictor for OS (p�0.0001) and
FS (p�0.0001), regardless of alpha-fetoprotein level, tumor stage,
nd recurrence time (p�0.0001 for all).

ONCLUSIONS: High expression levels of HSCs/HPCs biomark-
rs are related to tumor angiogenesis and poor prognosis of HCC.
he simplified model based on HSCs/HPCs and tumor angiogenesis
rofile can be used to classify HCC patients with high risk of tumor
ecurrence after operation.

otential of adipose-derived stem cells harvested
rom diabetic mice on wound healing
ouya Dastouri MD, Rei Ogawa MD, PhD, Douglas Helm MD,
aolo Erba MD, Dennis P Orgill MD, PhD, FACS
righam and Women’s Hospital, Boston, MA

NTRODUCTION: Adipose-derived stem cells (ASCs) have poten-
ial applications for repair and regeneration of damaged tissues. We
ypothesized that ASCs harvested from diabetic mice (db-ASC) may
ccelerate wound healing and participate in differentiation and neo-
ascularization.

ETHODS: ASCs were harvested from inguinal fat pads of 2 male,

5-week-old diabetic mice (C57BL/KsJ-Leprdb). Following 3 pas- M
ages, cells were analyzed by FACS and CD31�/CD45�/CD29�/
D90� cells were used for transplantation. Following a 1 � 1-cm

ull-thickness skin wound, 5 ¥ 105 cells diluted in 0.5 mL of saline
ere injected into overlying muscle in each wild-type (C57BL/6)

n � 8) and diabetic (n � 7) mouse wound. DiI staining was used for
ell tracking. Saline-injected groups served as controls (n � 6). 7 and
4 days following transplantation, digital photographs of wounds
ere taken, and tissues were harvested for histological and gene ex-
ression evaluation.

ESULTS: DiI-positive db-ASCs were distributed throughout both
he diabetic and wild-type wounds, and DiI-PECAM double-
ositive cells were detected in the wound. Real-time RT-PCR re-
ealed VEGF, VEGFr, PDGF, and PDGFr levels were significantly
igher in wild-type wounds treated with db-ASCs. Diabetic wounds
reated with db-ASCs had decreased VEGF but increased TGF,
EGFr, and PDGFr levels. After 7 days, digital photographs showed
b-ASC-treated diabetic and wild-type wounds had significantly
igher wound area closure compared with their control groups.

ONCLUSIONS: db-ASCs may accelerate wound healing and ac-
ively participate in neovascularization, although further investiga-
ion is needed on safety and efficacy of db-ASCs.

novel single cell gene expression analysis
dentifies critical gene transcription deficits in
iabetic murine mesenchymal stem cells

ason P Glotzbach MD, Ivan N Vial BA, Michael Januszyk BS,
ari Thangarajah MD, Victor W Wong MD, Michael G Galvez BA,

ae Hee Ko MD, Michael T Longaker MD, MBA, FACS,
eoffrey C Gurtner MD, FACS
tanford University, Stanford, CA

NTRODUCTION: While mesenchymal stem cells (MSCs) have
hown promise for regenerative medicine, diabetic MSCs exhibit
mpaired stem cell function in response to tissue injury. Traditional
ranscriptional analysis cannot define differences among subpopula-
ions. We applied a novel microfluidics-based single cell gene expres-
ion analysis across 48 gene targets to characterize the differences
etween diabetic and wild-type MSCs. We identified a unique MSC
ubpopulation with a highly pluripotent transcriptional profile that
s more rare in diabetes, which may explain the observed dysfunc-
ions in diabetic MSCs.

ETHODS: Total bone marrow was harvested from wild-type and
iabetic (streptozotocin-induced and db/db) C57BL/6 mice. Cells
ere expanded in culture, and FACS was used to sort individual
SCs (defined as Sca-1�/CD45�/Lin�). Single cell mRNA was

onverted into cDNA by low-cycle preamplification and loaded onto
icrofluidics chips for quantitative-PCR analysis.

ESULTS: Our analysis identified a subpopulation that expressed
ca-1, a murine stem cell surface marker, as well as Klf4, ID2, and
EST, which function to maintain pluripotency. Taken together, the
xpression of these genes strongly suggests that these unique cells
epresent a highly pluripotent subpopulation of murine MSCs. This
ubpopulation was 10% of normal MSCs, 1% of type I diabetic
SCs, and not found in type II diabetic MSCs (p � 0.01).




