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ABSTRACT. During the last decades, the role of the vascular endothelium has been well documented and 
investigated and all the studies that were made lead to the conclusion that this vascular endothelium isn’t just a 
monolayer and a simple barrier, but a complex organ with various functions. This monolayer provides a “first 
line” physiological defense against atherosclerosis and it is considered to play an important role in inflammation 
and angiogenesis. 
The mature endothelial cells are involved in the repairement of the monolayer injury, thus having a limited 
capacity of recovery, thing that has lead to the investigation of the circulating endothelial progenitor cells and 
their role in this vascular healing. 
Recent studies showed that these cells have a huge role in the fast endothelization of the areas touched by the 
vascular damage and that several cardiovascular risk factors, but also several cardiovascular diseases decrease 
the number and function of these helpful and important cells.  
The treatment with ACE inhibitors seems to normalize and reverse not only the high blood pressure but also the 
number of the endothelial progenitor cells, and by this also the endothelial dysfunction. 
In this review, we summarize the most important aspects about endothelial progenitor cells, endothelial 
dysfunction, hypertension , ACE inhibitors and also what they have in common. 
KEYWORDS: stem cells, endothelial progenitor cells, EPCs, endothelial dysfunction, hypertension, ACE 

inhibitors. 

 

INTRODUCTION 
For many species of animals, the development 

of the vascular system is essential, during the embryonic 

phase. In this process, the local mesodermal precursors 

will differentiate into vascular and endothelial cells 

(ECs) to form a primary vascular plexus, process that has 

been named vasculogenesis. [1,2] . This process, 

vasculogenesis, was belived to occur only in the 

embryonic development and not in postnatal life, until 

the description of circulating endothelial progenitors 

(CEPCs). [1] 

 

The hemangioblast, blood islands and angioblasts 

During mammalian development, the 

hemangioblast from the yolk sac, the initial site of 

hematopoiesis and blood vessel formation, can 

differentiate in hematopoietic cells (HCs) and endothelial 

cells (ECs), as it has been seen by Murray in 1934. [3,4] 

The most powerful evidence to support the idea of a 

common progenitor was the study of differentiating 

embryonic stem cell cultures, where the “blast colonies” 

were giving rise to both lineages from transiently. [3, 5] 

The blood islands are aggregation of 

mesodermal cells that colonize the presumptive yolk sac. 

The peripheral cells (angioblasts) become ECs, whereas 

central cells become HCs. Angioblasts are defined as 

cells with some, but not all, the markers characteristic of 

an EC. [3,6]Endothelial cells that are derived from the 

yolk sac can induce the differentiation of mature 

myeloid, erythroid and lymphoid cells and their 

progenitors. [3,7,8,9] SCL/Tal-1 and VEGFR-2 (vascular 

endothelial growth factor receptor – 2) are co expressed 

in isolated mesodermal cells that give rise to ECs, while 

HCs seem to express only SCL/Tal-1. [3] The maturation 

of the blood vessel involves a sequential pattern in which 

SCL/Tal-1 and VEGFR-2 are expressed first, followed 

by PECAM-1, CD34, VE-cadherin and later Tie-2. The 
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expression of SCL/Tal-1 is finally down 

regulated by mature ECs. [3] 

In 1963, Stumo et al. were the first to indicate 

the presence of circulating ECs using Darcon grafts. This 

study indicated that new endothelium on the flow surface 

of the grafts derived from blood-borne cells. [3] It has 

also been observed that circulating ECs are present in 

diseases marked by vascular injury as: sickle cell anemia, 

acute myocardial infarction, thrombotic 

thrombocytopenic purpura and active cytomegalovirus 

infection. [3, 10,11,12,13] 

The total number of circulating ECs in normal adults is 

2.6 ± 1.6 per ml of peripheral blood and at least half are 

microvascular as defined by CD34+ . [3,13] 

 

Specific/non specific markers of CEPCs 

Immature EPCs and primitive HSCs 

(hematopoietic stem cells) are impossible to be 

differentiated as they share the same common surface. 

EPCs don’t have an exclusive marker and both EPCs and 

mature ECs express similar endothelial-specific markers 

like: VEGFR-2, Tie-1, Tie-2, VE-cadherin. [3, 14, 15, 

16, 17] But further, to identify the differences is difficult 

and complicated because of the fact that HCs subsets 

express markers similar to those of ECs, such as CD34, 

PECAM, Tie-1, Tie-2, Eph and VEGR-1, transcription 

factors such as SCL/Tal-1 and AML1, von Willebrand 

factor (vWF) [3, 18,19]. In 1997, Asahara et al., used a 

poly clonal antibody to the intracellular domain of 

VEGFR-2 to show that CD34+, VEGFR-2+ circulating 

EPCs form colonies that take up acetylated LDL. They 

injected into mice, rats and rabbits who were undergoing 

neovascularization because of hind limb ischemia, 

CD34+, VEGFR-2+ ,  CD34-, VEGFR-2- and observed 

that only CD34+ and VEGFR-2+ incorporate into the 

vasculature in a manner consistent with their being ECs. 

[3, 20] 

Another hematopoietic stem cell marker, 

AC133+ is also expressed on EPCs subsets, but not 

mature ECs. [21]. AC133+ cells from granulocyte 

stimulating factor – mobilized peripheral blood can 

differentiate into ECs when cultured in the presence of 

VEGF and stem cell growth factor. [22] 

AC133 has been shown to be the best selective 

marker for identifying EPC and that circulating CD34+, 

VEGFR-2+ and AC133+ cells constitute a phenotypically 

and functionally distinct population of circulating ECs 

that may play a role in postnatal vasculogenesis. [3] 

 

The source of CEPCs 

Most circulating EPCs reside in the bone 

marrow in close association with hematopoietic stem 

cells and the stroma. The local proliferation and 

transmigration of EPCs across the bone marrow/blood 

barrier may be promoted by these stem cells and stroma 

cells. [3] In adults, EPCs mobilized from bone marrow, 

migrate first from a quiescent niche within the bone 

marrow into a permissive, proliferative 

microenvironment called vascular zone of marrow. [3] 

The MMP-9 (matrix metalloproteinase-9) as well as the 

survival/mitogenic activity of the stem cell cytokine 

SkitL appears critical during this process.[3] The release 

of EPCs from bone marrow into the circulation can be 

induced by granulocyte macrophage colony stimulating 

factor (GM-CSF) or VEGF and its critically dependent 

on the activity of endothelial nitric oxide synthase 

(eNOS) expressed by stromal cells in bone marrow. [3, 

23] The EPCs in the peripheral blood may derive from 

the bone marrow and be not yet incorporated into the 

vessel wall. [3] Peripheral blood mononuclear cells from 

adult humans can be enriched in EPCs by addition of 

VEGF, FGF-2, insulin-like growth factor and EGF to the 

culture medium for 7-10 days. After local injection in 

vivo, these cells contribute to the formation of new 

vessels in the ischemic limb. [3,24]. Monocytic EPCs 

may enhance the angiogenic process via release of 

inflammatory mediator that stimulate granulation tissue 

formation. [3] 

EPCs can be released into the circulation in 

response to angiogenic growth factors, chemokines and 

cytokines released following various stimuli, such as 

vascular trauma. [25,26]  EPCs are belived to exert their 

function in two possible ways: by activating locally the 

ECs and/or by differentiating into adult endothelial cells 

that can be incorporated the damaged vessels. [25] 

 

 Endothelial dysfunction, endothelial progenitor cells 

and vascular repair  

Atherosclerosis, a process poorly understood 

until now, despite intense efforts, is a progressive and 

complex pathology. It is characterized by the thickening 

of the arterial wall, with complications in various 

vascular beds. [25] It has been demonstrated by several 

studies that the endothelium, a thin layer of cells 

localized between the blood flow and the vascular wall, 

plays a very important role in the regulation of vascular 

tone and structure, and that this monolayer isn’t a simple 

barrier, but a complex organ. [25] This complex organ, 

with paracrine and autocrine function, provides “ a first 

line” physiological defense against atherosclerosis. The 

endothelium is now considered to be of a huge 

importance in maintaining the vascular homeostasis, in 

regulating the vascular structure and tone and to play an 

important key role in inflammation and angiogenesis. 

[25] 

The dysfunction of this monolayer, of the 

endothelium, the so called endothelium dysfunction, is 

one of the earliest process that occur in the pathogenesis 

of atherosclerosis. The mechanisms that can contribute to 

this endothelial dysfunction are: oxidative stress, up 

regulation of adhesion molecules, augment in response of 

the inflamatory process and prothrombotic state. Also, 

the vasoactive peptides (such as: angiotensin II, 

endothelin-1) but also hypercholesterolemia, 
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hyperhomocysteinemia, hyperglycemia play 

an important role in this process, as well as the apoptosis 

of the endothelial cells. [25,27] 

Oxidative stress can inhibit three major 

endothelium-dependent vasodilator pathways: nitric 

oxide (NO), prostacycline and endothelium-derived 

hyperpolarizing factor. A reduction in the bioavailability 

of NO, the deterioration of prostanoid synthesis 

(including: prostacyclin, thromboxane A2 and 

isoprostanes) and an increased release of endothelin-1 

can contribute to this endothelial dysfunction. Also, the 

activation of peroxisome proliferator-activated receptors 

(PPARs) (a pathway of prostacyclin signaling) seem to 

have beneficial and important roles over the endothelium. 

This vasodilatator peptide derived from endothelium, 

prostacyclin, is tought to have angiogenic properties that 

are closely linked to its specific action on the PPAR 

signaling pathway. [25,28,29] 

A pivotal endothelium-derived substance, the 

nitric oxide (NO), a substance synthesized from the 

substance L-arginine via eNOS (endothelial NO 

synthase), have a major role in vasorelaxation, inhibition 

of leukocyte-endothelial adhesion, vascular smooth 

muscle cell proliferation and migration, and platelet 

aggregation. So, an alteration in NO production or in its 

activity is considered a major mechanism of endothelial 

dysfunction, thus contributing to atherosclerosis. [25,30] 

Although many studies had been conducted until now, 

studies which demonstrate the implications of this 

substance in the pathogenesis of atherosclerosis, no 

single mechanism can completely explain the endothelial 

dysfunction, and one explanation could be because of the 

fact that atherosclerosis is a complex disease process and 

that multiple regulatory mechanisms are involved in 

bioactivity of the endothelial NO. [25] 

Recent studies showed that reduced EPCs levels 

seem to be correlated with endothelial dysfunction and 

with increased risk of cardiovascular disease, as well as 

various cardiovascular diseases and cardiovascular risk 

factors (hypertension, diabetes, hypercholesterolemia, 

smoking) are related to an impairment in EPCs, both in 

number and in function. [25,31,32] So, levels of 

circulating EPCs has been proposed as a surrogate index 

of cumulative cardiovascular risk. [25] 

The quantification of EPCs can be done by two 

most used methods: (1) FACS analysis (fluorescence-

activated cell sorting) of total blood cells or circulating 

mononuclear cells and (2) culture assay of blood-derived 

mononuclear cells. [25] The CEPCs are characterized by 

the expression of CD133, CD34 and VEGFR-2, so they 

can be identified and quantified based on the expression 

of these cell surface markers. [25,33] . The most used 

markers to identify human EPCs had been the marker 

combination of CD34+KDR+, CD34+CD133+  and 

CD34+CD133+ KDR+. [25,34] The EPCs are present in a 

very small number, especially in the circulatory blood of 

adults (aprox. 0.01% of all cells) [25]. 

Several studies had shown that the number of 

functionally active EPCs is influenced by various 

angiogenic cytokines, cardiovascular risk factors, by 

lifestyle modifications like: physical exercise, body 

weight loss, smoking cessations; and also by some 

pharmacological interventions. [25] Among risk factors, 

hypertension is the strongest predictor of EPCs 

migratory impairment. [35] In adult subjects without a 

history of cardiovascular disease, the number of 

circulating EPCs is inversely correlated with 

Framingham risk score, which includes systolic blood 

pressure as a major component. [35] Studies conducted 

both in hypertensive animals and humans demonstrated 

that one possible mechanism which can explain the low 

number of CEPCs in hypertensive patients is the 

accelerated senescence of EPCs. [35,36] Hypertension is 

associated with increased oxidative stress, an mechanism 

that affects both angiogenesis and vasculogenesis, so it 

may be that progenitor cell dysfunction plays a role in the 

pathogenesis of hypertension. [35,36] Increased ROS 

levels decrease bone marrow cell differentiation into 

cells of endothelial phenotype in vitro and hamper their 

therapeutic effect in vivo. [35] 

Moreover, angiotensin II diminishes telomerase 

activity in EPCs, accelerates the onset of EPCs 

senescence through an increase in oxidative stress and 

affects in vitro EPC proliferation. [35] 

 In experimental models of hypertension, but 

also in patients with essential hypertension, because of 

the impaired endothelial dysfunction, there is a reduced 

vessel regeneration action in hypoxic underperfused 

tissues. [35] Several experimental and clinical studies 

have suggested that statins, ACE inhibitors (angiotensin-

converting enzyme), ARBs (angiotensin II type 1 

receptor blockers), PPAR-γ agonists and erythropoietin 

might improve the microcirculatory network. [35] The 

mechanisms of these actions are not well defined, but can 

likely include activation of the PI3-kinase/Akt pathway 

and endothelial nitric oxide synthase, as well as 

inhibition of NAD(P)H oxidase activity of progenitor 

cells. [35,37] 

ACE-inhibitors are the first class of blockers of 

the renin-angiotensin system, a class of drugs with not 

only anti-hypertensive effects, but also with pleiotropic 

effects. They are the most effective antihypertensive drug 

class in improving endothelial-dependent vasodilatation 

in large arteries of patients with essential hypertension. 

[35,38,39,40] 

There is a growing evidence that suggests that 

one of the pleiotropic effects of ACE-inhibitors on the 

cardiovascular system involves the modulation of the 

number and function of EPCs activity and this seems to 

be a class effect, confirmed by several studies of different 

molecules of the class (enalapril, Ramipril, perindopril, 

quinapril). [25, 41] 

Treatment with enalapril seems to increase 

CEPCs levels by stimulating the mobilization, rather than 
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the maturation. Enalapril augments the 

concentration of circulating SFD-1α, but decreases its 

concentration in the bone marrow in response to ischemic 

stress, suggesting that the reduced binding of EPCs to 

SFD-1α in bone marrow may help to the release and 

mobilization of EPCs after ACE-inhibitor treatment. [41] 

Also, the treatment with Ramipril for 4 weeks 

increased EPCs levels, in patients with stable CAD. They 

observed that Ramipril increased NO levels and that 

because of the activation of bradykinin B2-receptor 

pathway, it may contribute on the functional 

improvement of EPCs, that was seen after the treatment 

with ramipril. [25, 42] 

Also, it was observed that the addition of 

quinapril and metoprolol to EPC therapy induced the 

neovascularization and it reduced the number of 

apoptotic cardiomyocytes, thus without a completely 

understood mechanism. [25, 43] 

A long-acting ACE-inhibitor, perindopril, has 

demonstrated to augment the number of CEPCs and to 

re-establish the ability of mononuclear cells from the 

bone marrow to differentiate into EPCs in a hind limb 

ischemia model in spontaneously hypertensive rats, alone 

or combined with indapamide. [25, 44]  

 

CONCLUSIONS 
As a conclusion, there is enough evidence that 

support the idea that ACE inhibition improves the 

biology of EPCs independently of a vasodilator or 

hemodynamic effect, although  many questions have no 

answer involving the angiogenic effects of the drugs: the 

clear role of NO in the vasculogenesis induced by ACE 

inhibitors,  is efficacy and potency the same for all the 

molecules of the class regarding their angiogenic action, 

the EPC improvement is the same in patients with other 

diseases like: metabolic syndrome, diabetes [25] ? Are 

ACE inhibitors the class of antihypertensive drugs with 

the best cardiovascular benefits ? 
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