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Background—Endothelial progenitor cells (EPCs) have been identified in adult human peripheral blood. Because
circulating EPCs should originate from bone marrow (BM), we examined whether BM mononuclear cells (BM-MNCs)
can give rise to functional EPCs and whether transplantation of autologous BM-MNCs might augment angiogenesis and
collateral vessel formation in a rabbit model of hindlimb ischemia.

Methods and Results—Rabbit BM-MNCs were isolated by centrifugation through a Histopaque density gradient and
cultured on fibronectin. EPCs developed from BM-MNCs in vitro, as assessed by acetylated LDL incorporation, nitric
oxide (NO) release, and expression of von Willebrand factor and lectin binding. Unilateral hindlimb ischemia was
surgically induced in rabbits (n58), and fluorescence-labeled autologous BM-MNCs were transplanted into the
ischemic tissues. Two weeks after transplantation, fluorescence microscopy revealed that transplanted cells were
incorporated into the capillary network among preserved skeletal myocytes. In contrast, transplanted autologous
BM-fibroblasts did not participate in EC capillary network formation (n55). Then, in an additional 27 rabbits, saline
(control; n58), autologous BM-MNCs (n513; 6.962.23106 cells/animal), or BM-fibroblasts (n56; 6.561.53106

cells/animal) were injected into the ischemic tissues at postoperative day 7. Four weeks after transplantation, the
BM-MNC–transplanted group had more angiographically detectable collateral vessels (angiographic score: 1.560.34
versus 0.9460.26 and 1.160.14; P,0.05), a higher capillary density (2365.8 versus 1061.9 and 1160.8 per field;
P,0.001), and a greater laser Doppler blood perfusion index (5056155 versus 361635 and 358622 U; P,0.05) than
the control and BM-fibroblast–transplanted groups.

Conclusions—Direct local transplantation of autologous BM-MNCs seems to be a useful strategy for therapeutic
neovascularization in ischemic tissues in adults, consistent with “therapeutic vasculogenesis.”(Circulation. 2001;103:
897-903.)
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Neovascular formation in adults has been considered to
result exclusively from proliferation, migration, and

remodeling of preexisting endothelial cells (ECs), a process
referred to as angiogenesis.1–3 In contrast, vasculogenesis, a
process defined as the formation of new blood vessels from
endothelial progenitor cells (EPCs) during embryogenesis,3–5

begins by the formation of blood islands that comprise EPCs
and hematopoietic stem cells (HSCs).6,7 Blood islands fuse
with each other to create primordial vascular networks in the
embryo. EPCs and HSCs are believed to originate from
common mesodermal ancestral cells (ie, hemangioblasts)
because of the presence of common cell surface antigens,
such as Flk-1/KDR, Tie-2, and CD34.8–11

Recently, circulating EPCs have been discovered in adult
peripheral blood and human umbilical cord blood.12,13Circu-
lating EPCs have been shown to participate in postnatal

neovascularization after mobilization from bone marrow
(BM).14 Moreover, in an earlier study, Noishiki et al15 raised
the possibility of facilitating luminal endothelialization and
mural angiogenesis in an artificial vascular prosthesis by BM
transplantation. Shi et al16 recently showed that BM cells
mobilized and participated in endothelialization of implanted
artificial vascular grafts. Although these studies suggest that
EPCs originate from BM in adults, little is known as to
whether functional EPCs can develop from adult BM cells
and whether transplantation of autologous BM can quantita-
tively and functionally augment neovascular formation in
ischemic tissues in adult species. These issues seem to be
relevant, because therapeutic angiogenesis is an emerging
strategy to salvage tissues from critical ischemia.17–19

Accordingly, we tested the hypotheses that (1) functional
EPCs may develop from BM mononuclear cells (BM-MNCs)
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