Acta Physiologica Sinica, February 25, 2005, 57 (1): 1-6 1
http://www.actaps.com.cn

Endothelial progenitor cellsin angiogenesis

XU Qing-Bo'
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Abstract: Circulating blood contains a subtype of progenitor cells that have the capacity to differentiate into mature endothelial cells
in vitro and in vivo. These cells have been termed endothelial progenitor cells (EPCs). The isolation of EPCs by adherence culture or
magnetic microbeads has been described. EPCs are characterized by the expression of 3 markers, CD133, CD34, and the vascular
endothelial growth factor receptor-2. After differentiation, EPCs express CD31, vascular endothelial cadherin, and von Willebrand
factor. Evidence is accumulating that EPCs can facilitate endothelial repair and angiogenesis in vivo. We observed that EPCs can
regenerate damaged endothelial cellsin vascular grafts in apoE-deficient mice, and that abundant vascular progenitor cells are present in
the adventitia of the vessel wall. It is not clear yet, however, whether these EPCs are essential for these angiogenic and atherogenic
processes. Moreover, there are still many uncertainties about how cardiovascular risk factors alter EPC function. Thus, further studies
on the mechanisms of EPC homing, releasing and attaching will be of help to explore areas of potential basic research and clinical
application of EPCs.
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Introduction participated in vasculogenesis in the animal hindlimb is-
In 1997, Asahara et al.¥ reported for the first timeabout  chemic modd. In these studies, they used EPCs that was
endothelia progenitor cells (EPCs) thet differentiated from  spindle-shaped, derived from peripheral blood, and cul-
CD34+-enriched mononuclear cdlsin peripheral bloodand  tured for less than 3 weeks. This EPC showed the limited
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proliferating potential for long-term culture and disappeared
4 to 6 weeks later in in vitro condition. But there were
reportg?? suggesting the existence of another type of EPC
that originated from bone marrow, circulated in periphera
blood, and showed different morphology and proliferation
pattern from EPCs that Asaharal” reported.
Accumulating evidence indicates the both types of EPCs
in the blood have the capacity to proliferate, migrate, and
differentiate into mature endothelial cdls. EPCs are char-
acterized by expressing CD34 and vascular endothelial
growth factor receptor-2 (VEGFR-2), 2 antigens shared
by embryonic endothelial progenitors, and hematopoietic
stem cellg¥. Bone marrow-derived endothelial progenitors
are largely responsible for generating endothelial cells of
microvessels or neovascularization in ischemic or dam-
aged tissues*®, while vascular progenitor cells might be
important for replacement of dead endothdlial cdlsin large
vessels, Vascular progenitor cells mainly localizein the ad-
ventitial layer and few, if any, in the intima under the en-
dothelium®. In addition, Planat et al.[” reported that adi-
pose tissues contain progenitor cells which serve as com-
mon progenitors for both adipocytes and endothelial cdls.
These vascular progenitor cells could be a source for re-
pairing the endothelium via direct or indirect pathways.

Stem/pr ogenitor cells

One of the most promising areas in basic research to-
day involves the use of stem cells. These unique cells
have the capability to transform and replenish the dif-
ferent tissue types that make up the body, and they also
represent the fundamental building blocks of organ
development. In general, stem cells can be divided into
two broad categories: adult (somatic) stem cells and
embryonic stem cellg®. One of the most fascinating
and important aspects of stem cells is their ability to
differentiate in vitro, via“ progenitor cells’, into termi-
nally differentiated somatic cells of all tissue types, in-
cluding cardiomyocytes® and endothelial cells'?. Be-
cause of the discovery that stem cells have a role in
vascular repair, stem cell research could be important
not only for understanding the pathogenesis of the
disease, but also for development of cell-based thera-
pies and tissue-engineering.

Most published papers in the fidd use the term progeni-
tor cells to describe circulating and bone marrow-derived
cdlgl, Evidence indicates that circulating “ endothdial”
progenitor cdls differentiate into mature endothdial cdls,
macrophages, smooth muscle cells and cardiomyo-
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cytes213 although recent papers demonstrated that bone
marrow cells cannot differentiate into cardiomyocytesin
vivol*®¥, |n addition, bone marrow progenitor cells also
differentiate into other types of cellg*®. Importantly, re-
cent reports from severa groups demonsgtrated that abun-
dant progenitor cells exigt in the adventitia of the arterial
wall®® and fat tissues”, which might be sources of circu-
lating EPCs. At the present, it less clear how EPCs are
released from tissuesinto blood (Fig. 1). Further study is
needed to dlarify the molecular mechanisms of progenitor
cell release and whether other sources of progenitor cdls
contribute to EPC pooal in circulation.

I solation and cultur e of EPCs

EPCs can be isolated from bone marrow or peripheral
blood. In addition, EPCs have also been isolated from
fetal liver or umbilical cord blood®. To obtain two types
of EPCs sequentially from the same donors, Hur et al.[?
cultured total mononuclear cells from human peripheral
blood, called them early EPCs and late EPCs. Early EPCs
with spindle shape showed peak growth at 2 to 3 weeks
and died at 4 weeks, whereas |ate EPCs with cobble-
stone shape appeared late at 2 to 3 weeks, showed ex-
ponential growth at 4 to 8 weeks, and lived up to 12
weeks. Late EPCs was different from early EPCs in the
expression of VE-cadherin, Flt-1, KDR, and CD45. Late
EPCs produced more nitric oxide, incorporated more
readily into human umbilical vein endothelial cells
monolayer, and formed capillary tube better than early
EPCs. Early EPCs secreted angiogenic cytokines
(vascular endothelial growth factor, interleukin 8) more
so than late EPCs during culture in vitro. Both types of
EPCs showed comparable in vivo vascul ogenic capacity.
EPCs have the capacity to form capillary tubes in base-
ment matrix gel, to incorporate acetylated LDL and to
bind endothelial-specific lectin*?.

EPCs for angiogenesis.

EPCs may be involved in the regeneration of ischemic
myocardium by modulation of angiogenesis and
myogenesis, cardiomyocyte apoptosis, and remodeling
in the ischemic cardiac tissuel*?. EPCs have also been
reported to participatein cerebral neovascul arization after
ischemic stroke. The fluorescent-labelled EPC integrated
into the vascular network and improved blood flow in
the affected limb. Furthermore, in rats, after coronary
ligation, injection of EPC improved vascularization, re-
duced infarct size and preserved cardiac function*?,
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Fg. 1. EPC generation and angiogenesis. EPCs could be released from bone marrow, fat tissues, adventitia and possibly spleen into blood,
where they express CD133 at the early stage, and then CD34-Fk-1. Circulating EPCs can form neovessdsin infarcted tissues, repair damaged
endothelia cells of large vessals, and also be expanded in vitro using for cell thergpy.

Elegant experiments with bone marrow transplants in
animal models further proved that donor marrow-de-
rived endothelial cells (apparent from transgenic marker
gene expression behind and dependent on endothelial
promoters) are incorporated in new vasculature in
tumours, healing wounds, the myometrium and is-
chaemia-damaged brain tissues (stroke) of the host!8°],
From these combined data, it is likely that the EPC-
dependent vascul ogenesis facilitates both angiogenesis
and arteriogenesis (Fig. 1).

Progenitor cells regenerate dying matur e endothe-
lial cells

Atherosclerosisis aslowly progressive disease that begins
in childhood but does not become clinically manifest until
middle age or later®!, The atheroscleratic lesion is defined
by intimal cell praliferation, lipid accumulation, and con-
nective tissue deposition. Depending on their size and
composition, the lesions are usually divided into fatty
streaks, predominantly consisting of lipid-rich macroph-
ages and T lymphocytes within the innermost layer of the
artery wall, and plagues, advanced stages of the lesions,

which are also called “ atheroma’. The three major cellular
components of human atherosclerotic plagues are the
smooth muscle cells (SM Cs), which dominate the fibrous
cap, the macrophages, which are the most abundant cell
type around the necrotic core, and the lymphocytes?,
which have been mainly ascribed to the fibrous cap’®.

It may be impossible to determine with certainty the
lifegpan of endothelial cells at different sites of the arterial
wall in humans. Therefore, systematic examination of the
sequence of endothdlial turnover occurring in animal mod-
esthat arelike humansis particularly useful. Thereis evi-
dence of structural and functional heterogeneitiesin the
endothelium of large and middle-sized arteries®24, While
overal rates of cdl turnover arevery low'®, thereare dlus-
ters of increased cell replication that are correlated with
increased permeability to plasma proteing®2?, Thus, en-
dothelial turnover occurs at a physiological state whichis
enhanced or promoted by risk factors, e.g. hyperlipidemia
and hypertension.

To take advantage of transgenic animals, we recently
devel oped and characterised a new animal model of vein
graft atherosclerosis in wild-type? and apoE-deficient
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mice®, Thelesion displayed classical complex morpho-
logical features and a heterogeneous cellular composition.
Furthermore, transgenic mice expressing LacZ genes con-
trolled by specific endothdia, SMC or house keeping gene
promaters are now available. When these mice are crossed
with apoE knockout mice, which devel op spontaneous ath-
erosclerosig™, then staining the tissue with X-gal enables
the detection of endothdlia originsin vein grafts. We dem-
onstrated that circulating stem/progenitor cells cover the
surface of neointimal and atherosclerotic lesions of vein
grafts. Similarly, arterial endotheliumis aso replaced by
stemyprogenitor cellswhen an arterial segment isisografted
inanimal models. Furthermore, other groups have demon-
strated that circulating stem/progenitor cells contribute to
the endothdlial regeneration of vein graftd® and injured
arteries®% in mouse models, which can beinfluenced by
ageing, estrogen and drug treatment.

Concerning endothdia turnover and stemvprogenitor cdll
replacement in the vessel wall in humans, a recent report
demonstrated that significant endothdial cell replacement
by circulating progenitor cells occurs in human transplant
vesselg*, In addition, it is well known that endothelial
apoptosis occurs at the sites where the endothelium is ex-
posed to lower or disturbed shear stress. Evidence from
human study indirectly supports the notion that dead en-
dothelial cellsinarteries might be also replaced by progeni-
tor cells, rather than mature endothelia cells neighbouring
thelost cdl.

Ageing influences progenitor cells

Atherosclerosis is an ageing-related disease, in which al-
tered mature endothelial and progenitor cellsin ageing could
be responsible for the disease mechanism. The data have
indicated that ageing cells are sensitive to stress-induced
apoptosisin vitro and in vivol®., Arterial endothelium of
young people are much moreresistant toinjuries like smok-
ing or hyperlipidemia. It is conceivable that older people
have a higher turnover rate of endothelial cells. Such con-
tinuous endothelial damage or dysfunction leadsto an even-
tual depletion or exhaustion of a presumed finite supply of
endothdlial stemV/progenitor cellg*. Rauscher et al.? pro-
vided direct evidence that cells with vascular progenitor
potentia are decreased in the bone marrow of ageing apokE-
/- mice. Chronic treatment with bone marrow-derived pro-
genitor cdls from young nonatherosclerotic apoE-/- mice
prevents atherosclerosis progression in apoE-/- recipients
despite persistent hypercholesterolemia. In contrast, treat-
ment with bone marrow cells from older apoE-/- mice
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with atherosclerosis is much less effective. These sug-
gest that progenitor cell numbers can be exhausted with
ageing due to ongoing replacement of dead endothdia cells.

Summary and per spectives

Dueto the introduction of new techniques, a great amount
of information has become available at the cellular and
molecular levels during last decade, which has expanded
our understanding of the role of EPCs. EPCs obviously
participate in the regeneration of injured endothdium and
of ischemic organs. A standardization of the procedures
used for the isolation, phenctypic characterization, and
culture of these cells will be a prerequisite for the use of
EPC guantification in vivo as a diagnostic or prognostic
tool or asasurrogate marker in clinical or pharmacothera-
peutical studies. Besides other open questions, the role of
CD34-negative cdlsin the process of vessel wall or tissue
remodelling needs to be clarified. In addition, additional
experimental, clinical, and cdll biological studies are needed
to increase the understanding of the function of EPCs and
of the factors that determine their number and turnover
rate as well as the mechanisms that stimulate or inhibit
their mobilization, differentiation, and homing in vitro and
invivo. Such investigations are required to explore areas
of future basic and clinical research, particularly because
thefirgt clinical trialsusing progenitor cells have just been
started.

Furthermore, progenitor cells have the unique properties
for cell replacement and possible role in atherosclerosis.
Several key issues within this concept have to be addressed
in further studies. First, we need to know whether focal
areas of arterial endothelial cellsin humansare replaced by
progenitor celsin the physiological state at the early life, e
g. infant, and how it is related to initiation of fatty stresk.
At the present, it might be difficult, if impossible, due to
ethical and technical aspects. The second basic science
issue to be determined is the molecular mechanisms of
progenitor cells in homing, attachment, chemoattractant,
differentiation in vivo and in vitro. Finally, the data of in
vivo studies mostly come from investigations using animal
models, especially mice. Although some results obtained
from mice are verified by human studies showing asimilar
pattern*d, further confirmation on human subjects is
needed.

In summary, much knowledge on stemvprogenitor cells
and vascular cell biology has been gained, which should
permit us to develop new diagnostic tools and new strate-
gies for prevention and therapy, by further testing the hy-
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pothesis of angiogenesis and atherogenesis.
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