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The identification of bone marrow-derived endothelial progenitor cells

has altered our understanding of new blood vessel growth and tissue

regeneration. Previously, new blood vessel growth in the adult was

thought to only occur through angiogenesis, the sprouting of new

vessels from existing structures. However, it has become clear that

circulating bone marrow-derived cells can form new blood vessels

through a process of postnatal vasculogenesis, with endothelial

progenitor cells selectively recruited to injured or ischemic tissue.

How this process occurs has remained unclear. One common element

in the different environments where vasculogenesis is believed to occur

is the presence of a hypoxic stimulus. We have identified the chemokine

stromal cell-derived factor-1 (SDF-1) and its receptor CXCR4 as critical

mediators for the ischemia-specific recruitment of circulating progen-

itor cells. We have found that the endothelial expression of SDF-1 acts
as a signal indicating the presence of tissue ischemia, and that its

expression is directly regulated by hy
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Until recently, new blood vessel growth

in the adult was thought to occur exclu-

sively through angiogenesis, defined as

the sprouting of vessels from existing

vascular structures. However, a study

published by Asahara et al. (1997) dem-

onstrated the existence of circulating

endothelial progenitor cells (EPCs), per-

manently altering our understanding of

new blood vessel growth. In contrast to
angiogenesis, EPCs are mobilized from

the bone marrow and recruited to foci of

neovascularization where they form new

blood vessels in situ through a process

called vasculogenesis (Figure 1). Once

thought to be limited to embryonic

development, vasculogenesis appears to

be preserved in the adult and contributes

to postischemic vascular regeneration.

Furthermore, striking parallels in the

regulatory steps of embryonic and post-

natal vasculogenesis suggest that the

initiating stimuli and regulatory path-

ways may be similar.

As with many areas of stem cell

research, the biology and ontogeny of

EPCs are not without controversy. The

lack of unique cell-specific surface

markers to facilitate definitive identifi-

cation and purification of EPCs has

made a rigorous understanding of line-

age difficult and has suggested the need

for alternative approaches to their char-

acterization (Flake 2004). Putative

populations of EPCs, or circulating endo-

thelial precursors, have been defined by

the use of markers for hematopoietic

stem cells (CD34, AC133), differentiated

endothelial cells (VEGFR2/KDR/flk-1),

and monocytic (CD14) cells (Figure 2)

(Asahara et al. 1997, Fernandez Pujol

et al. 2000, Fernandez Pujol et al. 2001,

Gehling et al. 2000, Harraz et al. 2001,

Peichev et al. 2000, Schmeisser et al.

2001). Most of these immunologic

markers and their cell specificity were

originally identified before the descrip-

tion of EPCs and may need to be

reexamined in light of the host of newly

proposed progenitor cells. The unclear

lineage of EPCs has complicated efforts

to clarify the molecular mechanism of

postnatal vasculogenesis, including sim-

ple issues such as whether one or several
cell types are involved, or whether these

cells continuously recirculate or are

exclusively released in response to an

ischemic stimulus.

In light of these difficulties, it is

perhaps not surprising that the biologic

function and the physiologic importance

of these cells have proven to be contro-

versial. Although it would be difficult to

argue against the presence of scattered

endothelial cells derived from the bone

marrow, the frequency and means by

which this effect is exerted have been

the topic of heated debate. Some argue

that these cells are simply a source of

proangiogenic cytokines and play an
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