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bstract

Atherosclerotic diseases are responsible for a significant part of morbidity and mortality in western countries. According to the classical
iews, atherosclerotic lesions develop as the result of an inflammatory process initiated by endothelial damage. The discovery that bone
arrow-derived cells participate in endothelial repair and new vessel growth has changed the pathogenetic models of cardiovascular disease.
hese cells, termed endothelial progenitor cells (EPCs), represent the endogenous endothelial regenerative capacity and the ability to form
ew collateral vessels. In this review we describe how quantitative and qualitative alterations of EPCs have a significant role in virtually all
tages of the atherosclerotic process and in the clinical manifestations of the diseases: starting from the impact of risk factors on EPCs, through

he mechanisms that link EPC reduction/dysfunction to plaque formation, and finally to the clinical syndromes. An attempt to diverge our
ttention from the vessel wall to the bloodstream reveals a central role of EPCs in atherogenesis.

2007 Elsevier Ireland Ltd. All rights reserved.
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. Introduction blood supply to an organ, leading to symptoms such as angina
pectoris, intermittent claudication, angina abdominis and ren-
Atherosclerosis is a systemic inflammatory disease of the
rterial wall [1]. Atherosclerotic plaque can critically reduce
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vascular hypertension. Furthermore, acute thrombotic or
aemorrhagic complications of the plaque can result in arte-
ial occlusion, leading to myocardial infarction or stroke.
herefore, atherosclerosis is a major issue in public health,

s it associates with significant morbidity and mortality. A
amage to the inner layer of the arterial wall, the endothe-
ium, constitutes the primum movens of the process that leads
o plaque formation. Classical risk factors for atherosclerosis
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ig. 1. Regulation of EPCs following the natural history of atherosclerosis. AT

oncur to determine endothelial damage, but mechanisms are
till incompletely understood.

Noteworthy, the endothelium has the ability to repair itself
2]. When a small area of the intima is removed experimen-
ally, endothelial cells at the edges of the lesion proliferate and

igrate toward the centre, because of lost contact inhibition.
f the endothelium is young and healthy, the local repair pro-
ess is complete and the intimal layer is reconstituted. On the
ontrary, if the endothelium is older or it receives the assaults
f one more risk factors, such as cholesterol, hypertension,
r hyperglycemia, local repair is defective and a plaque may
evelop as the result of an inflammatory process elicited
ainly by macrophage accumulation [3]. In the last 10 years,

t has become apparent that endothelial repair is driven not
nly by local cells, but also with the contribution of circulat-
ng cells [4]. Cells with the ability to repair the endothelium
ave been termed endothelial progenitor cells (EPCs). EPCs
erive from the bone marrow and can be mobilized to the
eripheral circulation upon a variety of stimuli including tis-
ue ischemia through the release of growth factors [5]. Once
n peripheral blood, EPCs constitute a pool of cells that can
ctively repair the endothelial layer by forming a patch at
ites of intimal damage [6,7]. These processes are mediated
y interactions between EPCs and mature endothelial cells
hrough the expression of adhesion molecules and the release
f chemokines [8–10]. The actual quantitative contribution of
PCs to the endothelial homeostasis is not known precisely,
ut studies that used chimeric animals carrying green fluores-
ent protein (GFP)-positive bone marrow show that EPCs are
ritical for endothelial repair and that EPC depletion impede
omplete regeneration [11–13]. Additionally, EPCs are also
ntegrated into the endothelium of the nascent vasculature,

prouting from existing vessels (neoangiogenesis) or devel-
ping de novo mostly as the result of an inflammatory-like
rocess (neovasculogenesis) [14]. Compensatory angiogen-
sis is a clue event triggered by the critical reduction in blood

p
t
e

rosclerosis; EPC, endothelial progenitor cells; IMT, intima-media thickness.

ow, and determines the extent of residual tissue ischemia.
he ischemic organ, through the release of growth factors and
ytokines, stimulates bone marrow to release EPCs which,
n turn, specifically home at the damaged sites through the
xpression of chemokine receptors, and finally stimulate new
essel growth [5]. Therefore, EPCs represent the fulcrum
f a negative compensatory feedback loop which maintains
ascular homeostasis. Thanks to their comprehensive role
n endothelial regeneration and compensatory angiogenesis,
PCs are currently considered an integrated component of

he cardiovascular system that is subject of intense research
nd debate [15]. Not only the extent of the EPC pool is
n indicator of vascular health, but also normal functions
f EPC are required for adequate homeostasis. Functional
PC properties are explored in vitro using standardized
ssays for proliferation and colony formation, migration
n a Boyden-like chamber, adhesion to a mature endothe-
ial monolayer, and incorporation into vascular networks on

atrigel. Number and function of EPCs are indeed two sides
f the same coin and their alterations have been related to
ardiovascular disease and atherosclerosis [16]. Moreover,
uantitative and qualitative EPC properties are co-regulated
y the same molecular pathways, so that EPC decrease is
sually associated with dysfunction, and EPC increase is usu-
lly associated with enhanced function. Remarkably, there
re exceptions to this rule, which merit attention, because
ould potentially disclose relevant mechanisms of EPC
egulation.

. The impact of risk factors on EPCs
The natural history of atherosclerosis begins early, when
redisposing factors appears. Almost all classical risk fac-
ors for atherosclerosis have been shown to exert detrimental
ffects on EPC number and function. Currently, negative
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PC modulation is considered one mechanism by which risk
actors worsen cardiovascular health [17].

Age is a predominant determinant of the extent of the
irculating EPC pool: the EPC level is strongly negatively
orrelated with age and, as subjects get older, function of their
PC progressively decline, in terms of survival, differentia-

ion, proliferation and migration [18–21]. This phenomenon
s likely part of the global aging process, which limits the
unctional reserve of virtually all organs and tissues, includ-
ng bone marrow. Nonetheless, as age increases, other risk
actors, such as hypertension and diabetes, become more
revalent and may independently impact on EPC biology.

In animal models of hypertension, as well as in sub-
ects with essential hypertension, EPCs become precociously
enescent and dysfunctional [22]. Higher blood pressure
evels are associated with lower EPC levels in the general pop-
lation [23], in diabetic subjects [24] and in coronary patients
25]. Hyperactivity of the rennin–angiotensin–aldosterone
ystem (RAAS) as been recognized as one link between
ypertension and altered EPC biology. Both in vivo and in
itro, angiotensin II (At-II) supplementation negatively mod-
lated EPCs through induction of oxidative stress, an effect
hat was prevented by angiotensin receptor blockers (ARBs)
22,26]. Further, in vitro aldosterone inhibited EPC gener-
tion and differentiation by attenuating release of vascular
ndothelial growth factor (VEGF) and Akt signalling, while
he effects were prevented by spironolactone and antioxidants
27]. With this background, it is tempting to speculate that
ndothelial dysfunction, arterial stiffness and vascular rar-
faction seen in patients with hypertension may be attributed,
t least in part, to exhaustion of the EPC pool.

Extensive human and animal studies have shown that type
and type 2 diabetes mellitus are characterized by profound
PC reduction and dysfunction [28,29]. Hyperglycaemia

tself together with the resulting oxidative stress probably
ccount for this alteration [30]: through a defective PI-3K/Akt
athway, high glucose dampens EPC differentiation and
bility to integrate into vascular structures and induces apop-
osis. The imbalance in FoxO phosphorilation/acetylation
nd its nuclear translocation likely mediated the downstream
ffects of high glucose by modulating proapoptotic gene
xpression. Remarkably, those alterations were prevented
y treatment with benfotiamine, a thiamine analogue that
moothes upstream mediators of glucose toxicity, such as the
exosamine pathway, non-enzymatic glycation, and protein
inase C activation [31]. As a clinical counterpart, reduc-
ion of EPC is more pronounced in subjects with higher
lucose levels [32] and accumulation of advanced glycation
ndproducts (AGEs) impairs EPC function and may alter the
icroenvironment of bone marrow and target tissues [33]. In

upport of this notion, diabetic subjects with a longer disease
uration and a higher level of glycohaemoglobin had lower

evels of EPCs in their peripheral blood. Diabetic subjects
ave an impressive risk of developing accelerated atheroscle-
osis and myocardial or peripheral ischemia. This has been
ecently attributed to impaired endothelial regeneration and
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osis 194 (2007) 46–54

efective compensatory angiogenesis [34,35], both of which
ay be related to EPC decrease and dysfunction.
Cigarette smoking is a potent inducer of vascular dys-

unction and atherosclerosis. Smoking causes exhaustion
f circulating EPCs and smoking cessation rapidly favours
estoration of a normal EPC pool [36]. Additionally, EPCs
solated from healthy smokers exhibit a global functional
mpairment (proliferation, differentiation, adhesion, migra-
ion and tubulization) compared to non-smokers [25,37].
moking habit is also a cause of chronic obstructive pul-
onary disease (COPD). COPD has been associated with
PC depletion [38], especially when secondary cardiovascu-

ar abnormalities are present, which was more pronounced in
mokers than in non-smokers [39]. EPCs have been disclosed
o be sensitive to oxidative stress, and cigarette smoking
n fact contains a deadly cocktail of toxic compounds that
ct as mutagens and oxidants: those substances overwhelm
he effects of nicotine, which has a surprising potential to

obilize EPCs and enhance their function [40].
Cholesterol is the major component of the atheroscle-

otic plaque and hypercholesterolemia remains so far the
trongest risk factor for atherosclerosis. Consistently, higher
holesterol level was associated with EPC depletion inde-
endently upon other risk factors. Moreover, proliferation,
igration and in vitro vasculogenesis by EPCs were impaired

n hypercholesterolemic subjects [41]. In another study, EPC
ulture yield from healthy subjects was strictly related to the
ipid profile, especially HDL [42]. Indeed, supplementation
f HDL prevented EPC apoptosis, increased eNOS expres-
ion in culture [43], and promoted progenitor cell-mediated
ndothelial repair in vivo [44]. By converse, treatment with
therogenic lipoproteins (LDL and VLDL) reduced the num-
er of EPC colony units, while oxidized LDL reduced
PC survival, differentiation and vascular network formation

45–47].
Sedentary lifestyle negatively impacts on cardiovascular

ealth in terms of body composition, cardiac function, lipid
rofile and carbohydrate metabolism. By converse, physical
xercise counteracts those alterations and help maintaining
ascular homeostasis. Interestingly, physical training induced
obilization of EPCs from bone marrow to peripheral blood

n normal mice [48], healthy subjects [49] and in subjects with
oronary artery disease [50,51]. This phenomenon may be
ransient and the specific type of exercise required to mobilize
PC (aerobic or anaerobic) is still not clear [52]. Even if we
urrently do not know whether sedentary subjects have indeed
lower steady-state level of EPC than training subjects, at

resent exercise activity remains the only known lifestyle
ntervention to stimulate EPCs [53].

Linked to sedentary lifestyle and excessive caloric intake,
besity is characterized by EPC defect in relation to waist
ircumference. Adipokines derived from visceral fat, such as

eptin [54] and TNF-alpha [55], play negative effects on cul-
ured EPCs and may be one link between obesity and EPC
epletion. Remarkably, visceral obesity is typically asso-
iated with other risk factors, clustered in the metabolic
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yndrome (MetSyn). The diagnosis of MetSyn pinpoints a
ardiovascular risk that is higher than the sum of its parts.
arallely, clustering components of the MetSyn reduce EPC

evel in a synergistic way, that is more than if the negative
mpact of each component was additive [56]. This is because
he underlying pathophysiological link, insulin resistance, is
robably itself a determinant of the EPC pool, as it is and
ndependent risk factor for cardiovascular disease.

Male gender is the archetypal factor associated with
ncreased risk of atherosclerotic disease: males develop
therosclerotic lesions on average 10 years before females.
gain, EPCs may have a role in this gender-related
ichotomy, as the female hormones estrogens have been rec-
gnized as important regulators of EPC number and function
57].

Among classical risk factors, family history of cardiovas-
ular disease has not been clearly related to EPC alterations.
owever, the EPC level distributions of subjects with and
ithout with risk factors for cardiovascular disease have
verlapping tails, suggesting that there should be other deter-
inants. Genetic background is likely to be involved in

he determination of both the steady-state EPC pool and
he response to injury. For instance, polymorphism of the
tromal-derived growth factor (SDF)-1 influences the ability
o mobilize EPCs from bone marrow to peripheral blood [58].
bservational studies enrolling subjects with a positive fam-

ly history of precocious myocardial infarction in first-degree
elatives will provide excellent pathophysiologically insights
nto genetic and environmental EPC regulation.

Finally, besides classical risk factors, also emerging risk
actors, such as low-grade inflammation [59,60] and hyper-
omocysteinemia [61] have been related to alterations in EPC
umber and/or function. Therefore, part of the residual varia-
ion of EPC that is not explained by classical risk factors, age
nd sex, may be attributed to occult biological phenomena
hat silently increase cardiovascular risk. This is why EPC
ount itself is going to become a novel surrogate marker of
isk [62,63].

. The prognostic value of EPCs

EPC levels decrease in parallel with the presence of risk
actors. The extent of the EPC pool negatively correlates with
umulative indexes of cardiovascular event risk, such as the
ramingham risk score, and multiple risk factors act syner-
ically in reducing EPC, as in increasing risk [25,56]. Two
mportant studies have confirmed the independent prognostic
alue of EPCs. Werner et al. have demonstrated that cardio-
ascular event rate at 1 year increases in parallel with decrease
n baseline EPC level in patients with angiographically doc-
mented coronary artery disease, after adjustment for known

onfounders [64]. Almost simultaneously, Schmidt-Lucke
t al. showed that reduced level of EPCs independently
redicted atherosclerotic disease progression in a mixed
opulation of healthy subjects and coronary patients [65].

i
c
t
t

osis 194 (2007) 46–54 49

hese studies support clinically the relevance of the endoge-
ous EPC pool as an indicator of the vascular regenerative
apacity.

. EPCs in the progression of atherosclerosis

Not only EPC count reflects cardiovascular risk and pre-
icts future events, but is also directly related to disease
everity.

Subjects with subclinical atherosclerosis, defined as an
ncreased carotid intima-media thickness (IMT), have a lower
ool of EPCs than subjects without signs of atherosclero-
is, independently upon risk factors and C-reactive protein
23]. IMT is considered a strong biomarker of cardiovas-
ular risk: it correlates closely with the anatomical vascular
emodelling, and its measurement is accepted as the best way
o detect early atherosclerosis in asymptomatic individuals.
herefore, besides the effects of risk factors, EPCs further

educe as initial atherosclerosis develops. As atherosclerosis
s a systemic disease and it is expected to affect at the same
xtent all major vascular beds, symptoms will develop ear-
ier in those tissues supplied by small arteries. Indeed, the

ost precocious form of clinically evident atherosclerosis,
hat is erectile dysfunction, is itself associated with a more
rofound EPC reduction than would be attributable to clas-
ical risk factors [66]. The resulting pathogenetic concept
s that EPC depletion, conveyed by clustering risk factors,
educes the ability to repair the endothelium, thus triggering
ubsequent steps in the development of the atherosclerotic
laque.

The logical implication of this model is that lower is the
PC level, more diffuse and severe should be the anatom-

cal atherosclerotic burden. In fact, studies demonstrating
linear correlation between EPC count and disease sever-

ty have become available. In asymptomatic subjects, EPC
ecrease was related to atherosclerosis severity assessed at
he carotid, aortic and femoral sites [67]. In patients with type
diabetes, EPC level was negatively correlated with both the

arotid atherosclerotic burden and the clinical stage of lower
imb atherosclerosis obliterans [68]. In another study, cir-
ulating EPC count was an independent determinant of the
everity of angiographically-detected coronary artery disease
69]. Noteworthy, there have been one report showing that
schemic heart disease is associated with dysfunctional but
ot reduced bone marrow-derived EPCs [70], thus suggesting
hat different cell sources may yield different results. Taken
ogether, these data support the notion that the level of circu-
ating EPCs is a direct indicator of the atherosclerotic burden
n virtually all arterial districts.

When the atherosclerotic plaque progressively grows until
t critically reduces blood supply to the target tissue, chronic

schemia develops: this is the case for stable angina and leg
laudication. Thereafter, arterial collateralization becomes
he only way to overwhelm vascular obstruction and, again,
he contribution of bone marrow-derived EPCs is critical.
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nterestingly, it has been shown that EPC level is correlated
ith the coronary collateral flow index, a measure of the

ollateral support in the coronary circulation [71]. Hence,
t is easy to anticipate that subjects with a depleted EPC
ool have an impaired ability to form collaterals and fail to
ompensate for the presence of a critical stenosis. Maybe
his is the explanation for the higher incidence of major
ardiovascular events in subjects with lower EPCs despite
djustment for coronary disease severity [64]. Similarly, it
xplains why patients with ischemic foot lesions display
urther EPC decline than patients without lesions despite
omparable atherosclerotic involvement [68]. Consequently,
epletion of circulating EPCs contributes to both endothelial
ysfunction, as an early event in the atherogenetic process,
nd to poor collateralization, as a late event leading to the
linical manifestations of atherosclerosis and cardiovascular
isease progression. From this picture, EPC count reveals as
he prototype of a novel class of cardiovascular biomarkers:
ot only EPCs are crucial in maintaining endothelial integrity
nd vascular homeostasis, but their amount in peripheral
lood is a strong surrogate measure of risk and a mirror of
egenerative capacity and atherosclerotic burden [62]. A sim-
lar comprehensive role had not been depicted before, not
ven for other well-established markers, such as C-reactive
rotein [72], and strengthens the notion that EPC alterations
re pathogenetically linked to cardiovascular disease.

. EPCs and the complications of atherosclerosis

The last event in the natural history of the atherosclerotic
isease is plaque complication: plaque haemorrhage, rup-
ure and thrombosis lead to vascular occlusion, which means

yocardial infarction or stroke. Despite all the history thus
ar has been characterized by progressive EPC depression, an
xtreme attempt to increase EPCs is now carried out to cope
ith the acute event (Fig. 1). Animal studies have definitively
emonstrated that tissue ischemia upregulates many growth
actors and cytokines, such as VEGF and SDF-1, which
each the bone marrow and stimulate the release of EPCs
hrough eNOS and MMP-dependent pathways [5,73–75].
hen, their specific homing at the damaged site is directed
y the interaction between chemokines produced locally
nd specific receptors on EPCs [76]. Enhancement of EPC
obilization limits the resulting damage, while inhibition of
obilization potentiates it [73,77]. In humans, myocardial

nfarction, unstable angina and direct vascular injury are fol-
owed by a sudden increase in circulating EPCs, while their
evel returns to basal after 1–2 weeks [78–82]. This reaction
hould limit tissue damage and promote early regeneration
ia a homeostatic negative feedback loop. In fact, it has been
hown in patients, that the extent of EPC mobilization after

cute myocardial infarction is an independent predictor of
mprovement in ventricular function at 1-year follow-up [83].
owever, it is not known whether all patients with multiple

isk factors and advanced atherosclerosis, which have a severe

t
c
c
c

osis 194 (2007) 46–54

epletion of their EPC pool, can still mobilize EPC after an
cute event [17]. Interestingly, NO bioavailability, which is
ypically reduced in these patients, has revealed critical in
he process of ischemic mobilization of EPCs from bone mar-
ow [73]. Again, EPC regulation during myocardial infarction
ot only reflects the endogenous regenerative response, but
ore generally mirrors vascular health. Accordingly, diabetic

ats completely loose the ability to upregulate EPCs after
indlimb ischemia, an effect that is restored by correction
f hyperglycaemia [84]. This notion also provides a mech-
nistic insight into the myocardial protection conveyed by
tight glycometabolic control during acute coronary syn-

romes [85]. However, the functional integrity of mobilized
PCs is still matter of debate. While it was initially demon-
trated that mobilizing stimuli increase functional EPCs in
atients with multiple risk factors [86], recently, it has been
uggested that events accompanying EPC mobilization, such
s cleavage of CXCR4, may impair transiently their migra-
ory capacity [87]. This represents the most relevant example
n which number and function of EPCs are differentially mod-
lated; it also strengthens the key role of the SDF-1/CXCR4
xis for EPC function.

. Therapeutic implications: changing the natural
istory of atherosclerosis acting on EPCs

Importantly, there are various ways to increase circulating
PCs and improve their function. First, treatment of modifi-
ble risk factors is able to restore the EPC pool. Smoking
essation [36], reducing blood pressure with angiotensin-
onverting enzyme (ACE) inhibitors [24], lowering blood
lucose levels with insulin [58] and treating hypercholes-
erolemia with statins [73], all can induce a relevant increase
n the levels of peripheral blood EPCs. It is still not known
hether weight loss itself has positive effects on EPCs in
bese subjects: studies on this topic will be welcome. Cer-
ainly, age is a potent risk factors that we cannot modify.
owever, the increased risk associated with aging in the

emale population is mainly attributed to the deficiency
n sexual hormones after menopause. The discovery that
stradiol deprivation downregulates EPCs and that estrogen
eplacement restores the EPC pool [13], together with the
bservation that estradiol enhances recovery after myocar-
ial infarction and rendothelization after injury through EPC
ecruitment [88], is a novel rationale for hormonal therapies
n menopausal women. Besides estrogens, many other phar-

acological compounds display positive EPC-modulating
roperties [89]. Statins themselves potently stimulate EPC
obilization and differentiation and enhance EPC functions.
emarkably, those effects are independent upon lipids, sug-
esting that EPCs represent probably an outstanding target of

he so-called “statin pleiotropy” [90]. Even if in steady-state
onditions, statin therapy is associated with reduced EPCs in
oronary patients [91], small clinical trials suggest that statins
an increase EPCs also in patients with multiple risk factors
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nd established disease [92]. Thiazolidinediones, a class of
PAR-� agonists used in the treatment of insulin-resistant

ype 2 diabetics, have been shown to favourably modulate
PCs in vivo and in vitro [93–95]. Importantly, those effects
ere independent upon amelioration of insulin sensitivity and
ecrease in blood glucose levels, suggesting a direct effect of
litazones on EPCs. Thus, besides correction of risk factors,
e have at present different ways to increase EPCs using
nown and handy drugs that are already largely prescribed to
atients with cardiovascular risk factors or established dis-
ase. Curiously, those drugs are known to be provided with
leiotropic effects that confer cardiovascular protection and
low the progression of atherosclerosis. A step further should
e risk stratification on the basis of EPC levels together with
lassical risk prediction, upon which to decide how much
ntensively an individual patient should be treated.

More sophisticatedly, there are pharmacological
pproaches not routinely used in cardiovascular patients,
hich have the potentiality to stimulate endogenous EPCs.
rowth factors that can naturally mobilize bone marrow
rogenitor cells to peripheral blood have been tested for
heir ability to treat various atherosclerotic diseases. While
avourable results have been reported in peripheral arterial
isease, such as improvement in limb perfusion [96],
imited benefits were shown in patients with myocardial
nfarction [97,98], although men seemed more susceptible
o favourable effects [99]. Moreover, doubts remain regard-
ng the functional integrity of EPCs mobilized by those
harmacological agents [87].

Finally, many clinical trials of cell therapy have shown that
ransplantation of autologous EPCs or other cellular pools
nriched with vascular progenitors is feasible in both coro-
ary and peripheral atherosclerotic diseases. The forerunner
OPCARE-AMI trial showed improvement in left ventric-
lar ejection fraction (LVEF) and decreased end-systolic
olume 1 year after transplantation of autologous bone mar-
ow cells or EPCs in patients with acute myocardial infarction
100]. Despite some inconsistencies, more recent controlled
rials have shown marginal but significant improvement in
VEF in patients receiving bone marrow cells versus control
atients already receiving state-of-the-art therapies, with the
ost favourable risk-benefit profile in patients with worse

aseline LVEF [101]. Also in the setting of chronic ischemic
eart disease, patients transplanted with bone marrow cells
ad a greater increase in LVEF compared with the con-
rol group [102,103]. In the setting of severe peripheral
therosclerosis with critical limb ischemia, two major tri-
ls have shown the even more enthusiastic effects of cell
herapies. In the TACT study, implantation of mononuclear
one marrow cells led to improvement in surrogate indexes,
uch as ankle-brachial index (ABI) and transcutaneous oxy-
en pressure, as well as in hard endpoints, such as pain,

lcer size and amputation [104]. Interestingly, Huang et al.
ave reported almost identical results in diabetic patients with
therosclerosis obliterans using peripheral blood progenitor
ells mobilized with granulocyte colony-stimulating factor
osis 194 (2007) 46–54 51

105], which may represent a more easily accessible source
f progenitor cells. Even if some doubts remain regarding the
est source of cells and the optimal patient selection, stringent
xperimental data and novel clinical trials demonstrate that
utologous EPC therapy really have the potential to modify
he natural course of atherosclerosis.

. Warning and conclusion

The methods employed in the study of EPCs are complex
nd not uniform [106,107]. Quantification of circulating EPC
s generally performed using flow cytometry [108]: the gold
tandard EPC phenotype relies on the expression of the imma-
ure antigens CD34 and CD133 and of the endothelial-lineage

arker KDR (VEGFR-2). Even if an excess of different anti-
enic definitions have been used and disagree exists regarding
he optimal antigenic characterization, CD34+KDR+ is still
he most credited phenotype. Moreover, EPCs can be counted
lso after culture isolation, and there is no definite demonstra-
ion that the direct ex vivo cytometry and the in vitro culture
ystem yield consistent measures of the actual EPC pool.

hile methods to explore EPC function are generally stan-
ardized, EPCs isolation itself is not uniform [109]: in our
pinion, regardless of the precise phenotype of origin, all
utative isolated EPCs should fulfil some key criteria, such
s self-renewal capacity, eNOS expression, and the in vivo
bility to incorporate into neovessels [110]. Unfortunately, an
lbeit partial lack of consensus sometimes makes disparate
tudies poorly comparable and, in some cases, inconsistent.
herefore, in this review we have intentionally abstained

rom methodological disquisitions to emphasize the compre-
ensive roles of EPC in atherosclerotic diseases, reporting
tudies which appear as much comparable as possible. The
esulting picture is amazingly harmonic and places EPCs at
he centre of the atherosclerotic process: like a Copernican
evolution, no more blood cells are passive bystanders, rather
re the new stars.
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