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Background. We evaluated the effect of autologous
marrow stromal cells (MSCs) on neovascularization and
blood flow in an animal model of chronic limb ischemia.

Methods. Chronic hind limb ischemia was created by
ligating the left common iliac artery of male Lewis rats.
Three weeks after ligation, 5.0 million LacZ�MSCs (n �
10) or culture medium (n � 10) were injected into the
anteromedial muscle compartment of the left thigh. At 4
and 6 weeks after injection, half the animals (n � 5) from
each group underwent femoral artery ultrasonic blood
flow measurements of the ischemic and nonischemic
limbs to obtain a flow ratio. The animals also underwent
angiography and measurements of blood vessel density
and arteriolar density. Qualitative histologic assessment
of the limb muscles was performed.

Results. LacZ�MSCs were found to differentiate into
endothelium (F VIII�), vascular smooth muscle (positive
�-smooth muscle actin), skeletal muscle (positive

desmin), and adipocytes. Ischemic hind limbs where
MSCs were implanted had greater vascular density and
arteriolar density than control limbs (p < 0.001). Femoral
artery flow index (left femoral artery flow/right femoral
artery flow) was 0.89 � 0.12 and 0.90 � 0.06 for rats
injected with MSCs measured at 4- and 6-weeks, respec-
tively, compared with 0.50 � 0.15 and 0.50 � 0.10 for the
control rats (p < 0.001). Angiography demonstrated re-
constitution of the left femoral artery in rats that received
MSC implantation through pelvic and abdominal wall
collateral formation.

Conclusions. Local MSC implantation induces a neo-
vascular response resulting in a significant increase in
blood flow to the ischemic limb. Marrow stromal cells are
also capable of spontaneously regenerating the various
components of muscular tissues.
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Marrow stromal cells (MSCs) are pluripotent adult-
type stem cells that have been shown to differen-

tiate into different cellular phenotypes, including osteo-
cytes, chondrocytes, and cardiomyocytes [1, 2]. Several
studies have suggested that these mesenchymal stem
cells undergo milieu-dependent differentiation, and as
such have the potential to participate in organ repair and
regeneration [3, 4]. Previous studies from our laboratory
have demonstrated that these cells have the potential to
induce a neovascular response in murine matrigel angio-
genesis assay [5]. In the present study, we explored the
ability of autologous MSCs to not only induce new blood
vessel growth but also improve blood flow in an animal
model of chronic limb ischemia.

Material and Methods

Animals
Male Lewis rats (250 to 275 g) were obtained from Charles
River Laboratories (Laprairie Co, Quebec, Canada). These
isogenic rats were used as donors and recipients of MSCs to
simulate autologous implantation. All animals were studied
using guidelines published in “Guide for the Care and Use
of Laboratory Animals” (National Institutes of Health pub-
lication 85-23, 7th edition, revised 1996).

Harvest and Culture Expansion of Bone Marrow
Stromal Cells
We sacrificed male Lewis rat and harvested bone marrow
by flushing femurs and tibias with Dulbecco’s modified
Eagle’s medium supplemented with 10% fetal bovine
serum and 50 U/mL penicillin/streptomycin. We plated
whole marrow in tissue culture dishes and 5 to 7 days
later discarded the nonadherent hematopoietic cells and
maintained the adherent bone marrow stromal cells at
37°C with 5% CO2.

Generation of LacZ� Marrow Stromal Cells
Marrow stromal cells were labeled with retroviral parti-
cles carrying the LacZ gene that codes for the prokaryotic
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