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Abstract
Circulating endothelial progenitor cells (EPCs) were first described in 1997 by Asahara et al. as “putative endothelial cells” 
from human peripheral blood. The study of endothelial progenitors is also intensifying in several pathologies associated with 
endothelial damage, including diabetes, myocardial infarction, sepsis, pulmonary arterial hypertension, obstructive broncho-
pneumopathy and transplantation. EPCs have been studied in several autoimmune diseases with endothelial involvement such 
as systemic lupus erythematosus, thrombotic thrombocytopenic purpura, antineutrophil cytoplasmic antibodies, vasculitis, 
rheumatoid arthritis, Goujerot-Sjögren and antiphospholipid syndrome. Factors involved in endothelial damage are due to 
overexpression of pro-inflammatory cytokines and/or autoantibodies. Management of these pathologies, particularly the long-
term use of glucocorticoids and methotrexate, promote atherosclerosis. A lack of standardized assessment of the number and 
function of EPCs represents a serious challenge for the use of EPCs as prognostic markers of cardiovascular diseases (CVD). 
The objective of this review was to describe EPCs, their properties and their involvement in several autoimmune diseases.

Keywords Endothelial progenitor cells · Autoimmune diseases · Antiphospholipid syndrome · Sjögren syndrome · 
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Introduction

Blood vessels consist of three layers which are the tunica 
intima, the tunica media, and the tunica adventitia. The 
tunica intima forms a barrier between the vessel and blood 
flow. It is composed of a layer of endothelial cells and an 
internal elastic lamina. The vascular compartment is subject 
to various lesional processes of physiological and/or patho-
logical origin, requiring reconstitution in order to maintain 
its integrity. Data have surfaced to show that reconstitution 

of endothelial cells (ECs) may prominently develop from 
locally residing progenitor cells [1].

The term endothelial progenitor cells (EPCs) refers 
to populations of cells that are capable of differentiat-
ing into mature endothelial cells and vasculogenesis. In 
physiological condition, a small fraction, of the order of 
0.01% of medullary endothelial progenitors, enters the 
general circulation to allow endothelial regeneration [2]. 
In 1997, Asahara et al. reported the isolation of putative 
EPCs from human peripheral blood, based on the cell-
surface expression of CD34 and other endothelial mark-
ers and introduced the novel concept of circulating EPCs 
[3]. In addition, the presence of CD133, a hematopoietic 
marker, appears to be a sign of immaturity [4]. Progres-
sively, CD133 expresion is lost and EPCs express pheno-
typic endothelial markers like VE cadherin or von Wille-
brand factor (vWF). Several works confirm the presence 
of EPCs in the general circulation as well as in cord blood 
and fetal liver [5].
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EPCs and Mobilization

Physiologically, ischemic models with tissue hypoxia induce 
mobilization of endothelial progenitors, initiating neovas-
cularization. This tissue hypoxia induces an increase in 
the expression of the transcription factor hypoxia induc-
ible factor 1α (HIF-1α), which is a proangiogenic factor. 
HIF-1α promotes the secretion of the vascular endothelial 
growth factor (VEGF) [6] as well as the stromal derived 
factor 1 (SDF-1) [7]. Administration of VEGF in a mouse 
model resulted in an increase in CD34+, VEGFR2+, VE 
cadherin + cells [8]. Several pro-inflammatory and immu-
nosupressor cytokines like IL-6, IFNα, TNF-α, IL-1β, IL-8, 
TGF-β but equally hematopoietic growth factors (GM-CSF, 
EPO) or gonadotropins (FSH, LH) are involved in EPCs 
recruitment, mobilization and survival [9, 10] .

EPCs and Nomenclature

EPCs have been studied in various pathologies over the 
last two decades. However, the definition of EPCs has 
long lacked consensus, making comparison of results dif-
ficult [11]. This can be explained by the heterogeneity 
of the cell populations that can be isolated within EPCs. 
Two distinct methods are used to study EPCs (Fig. 1). 
First, a quantitative measurement of the number of EPCs 
is done by flow cytometry. As there is no specific marker 
for EPCs, it is essential to associate several expressed 
targets in order to selectively target the population of 
interest. Indeed, CD34+/VEGFR2 + can also identify 
mature endothelial cells detached from the vascular wall. 

A marker like CD133 + can be used, with a progressive 
appearance showing ECPs precocity and a progressive 
disappearance showing cell maturity. Second, functional 
aspects of EPCs (migration, adhesion and differentiation), 
are studied in cell culture models, after isolation by gradi-
ent density of mononuclear cells.

This distinction of endothelial progenitors is made 
according to the time of culture with early endothelial 
progenitors (Colony Forming Unit-Hill (CFU-Hill) and 
late endothelial progenitors (endothelial colony form-
ing cells (ECFCs)) [12]. A distinction is made between 
“myeloid angiogenic cells” (MACs) and ECFCs. The phe-
notypic expression shows a lineage that is hematopoietic 
for MACs and endothelial for ECFCs [12]. The role of 
these two cell contingents in angiogenesis is different.

MACs derive from cultivated peripheral blood mono-
nuclear cells. They specifically express surface cell mark-
ers CD45+, CD14 + CD31+, and CD146−, CD133−, and 
Tie2−. MACs are not able to differentiate into ECs. They 
promote angiogenesis by paracrine secretion of proan-
giogenic factors leading to proliferation, migration and 
tube formation. ECFCs derive from cultivated umbili-
cal cord blood and peripheral blood mononuclear cells. 
They express CD31+, CD146+, CD105+, and CD45- and 
CD14- immunophenotype [12] (Fig. 1). ECFCs differenti-
ate into ECs and are involved in vasculogenesis, angio-
genesis and maintenance of vascular integrity [13]. The 
combination of these two cellular contingents amplifies 
mature EC formation. This distinction of cell line, names, 
phenotypes and functions is depicted in more detail by 
Medina et al. [12].

Fig. 1  Characteristics, lineage 
and physiological roles of 
endothelial progenitor cells. 
MACs: myeloid angiogenic 
cells; ECFCs: endothelial 
colony forming cells
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Methods

We performed a systematic review literature in PubMed 
using terms “endothelial progenitor cells” and ‘thrombotic 
thrombocytopenic purpura, Sjögren’s syndrome, antiphos-
pholipid syndrome, systemic lupus erythematosus, ANCA 
vasculitis, rheumatoid arthritis or systemic sclerosis” cover-
ing the period of January 1st 1997 to December 31th 2022. 
We included studies with EPCs comparison in several auto-
immune disorders. We only included articles written in Eng-
lish. Two investigators assessed the articles for eligibility 
and data extraction (GF and PB). We only evaluated EPC. 
We excluded articles based on titles and abstract in order to 
select eligible articles for full text review. Literature review, 
animal studies were excluded (Fig. 2).

EPCs and Endothelial Dysfunction

During vascular endothelium damage, EPCs are released 
from the bone marrow to blood and promote vascular 
reendothelialization. Several studies reported correla-
tion between EPC activity with endothelial damage and 
cardiovascular risk factors [14–18]. They observed a 
significant decrease in the number of EPC forming colo-
nies in patients with elevated plasma cholesterol levels, 
hypertension and diabetes. There is an inverse correlation 
between the number of EPCs and the Framingham score 
used to determine cardiovascular risk. Their results sug-
gest a greater cellular senescence of EPCs in patients with 
a high cardiovascular risk [19].

Several autoimmune diseases are associated with 
endothelial damage, including thrombotic thrombocyto-
penic purpura (TTP), rheumatoid arthritis, systemic lupus 
erythematosus, antiphospholipid syndrome, systemic scle-
roderma and anti-neutrophil cytoplasmic autoantibody 

(ANCA) vasculitis. Endothelial damage is multifactorial and 
is associated with premature atherosclerosis [20]. Factors 
involved in endothelial damage are due to overexpression 
of pro-inflammatory cytokines and/or autoantibodies. The 
management of these pathologies, particularly the long-term 
use of glucocorticoids and methotrexate, promote athero-
sclerosis. A part of endothelial dysfunction is a defect in vas-
cular regeneration linked to an alteration in EPCs [11, 15]. 
This EPCs alteration, whether quantitative or functional, 
induces a decrease in vascular endothelium restoration and 
promotes a greater endothelial dysfunction.

EPCs in Thrombotic Thrombocytopenic Purpura

Thrombotic thrombocytopenic purpura is a specific form 
of thrombotic microangiopathies. The pathophysiology 
of TTP is a severe deficiency of the von Willebrand fac-
tor (vWF)–cleaving protease ADAMTS13 (a disintegrin 
and metallo-proteinase with a thrombospondin), that cleave 
ultralarge multimers of vWF. The outcome is the adhesion 
and aggregation of platelets to ultralarge von Willebrand 
multimers, capillaries, and arterioles, resulting in thrombosis 
and associated microvascular symptoms.

The very low concentrations of ADAMTS13 are not suf-
ficient to cause TTP crisis. During acute idiopathic TTP, 
several triggers (pregnancy, infections, and drugs) induce 
endothelial activation and crisis. During crisis, biomarkers 
of endothelial injury were released, with increased P-selec-
tin, vWF and circulating endothelial cells (CECs) which are 
mature endothelial cells in circulation.

In 2014, Widemann et al. investigated CECs and circu-
lating EPCs (CD34+/KDR+) in 22 patients with autoim-
mune TTP (Tables 1 and 2) [21]. Seventeen patients of 22 
received repeated rituximab infusions. Blood samples were 
collected before any treatment, at day 0 (D0) and at day 7 
(D7) of hospitalization and at 3–6 months. Patients were 
considered in two groups: severe group (n = 5) death /neu-
rological sequelae or less severe group (n = 17). Endothe-
lial dysfunction markers correlated with TTP severity with 
increased CEC counts at D0 which significantly decreased 
at D7. In the severe group, CEC counts at D0 were five-fold 
higher than in the less severe group supporting a correla-
tion between endothelial injury and disease severity. Associ-
ated with CECs, EPCs counts significantly increased at D0 
and significantly decreased at three and six months. Unlike 
endothelial lesion markers, endothelial regeneration was not 
correlated with illness severity. Authors noted an inverse 
correlation between EPCs counts at the onset of the crisis 
and the number of plasma exchanges necessary to obtain 
remission. Indeed, patients with elevated EPCs required 
fewer plasma exchanges.

Circulating EPCs and markers of endothelial activation 
could be used to evaluate the response to treatment. Even if Fig. 2  Flowchart of articles selection
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Table 1  Studies of EPCs in autoimmune disorders

Authors Year Disease Ref Number of 
patients

Results

Widemann et al. 2014 TTP  [21] 22 Increased EPCs count at D0 but decreased at M3 and M6 treated by rituximab
-Endothelial regeneration not correlated with illness severity
-Inverse correlation between EPCs counts at the onset of the crisis and the number of 

plasma exchanges necessary to obtain remission
Bartoloni et al. 2015 SS  [22] 34 -EPCs higher than healthy controls

-Not correlated with ESSDAI
-Inverse correlation with circulating EPCs and disease duration

Alunno et al. 2019 SS  [23] 36 -No correlation between circulating EPCs and age, disease duration, autoantibody titers 
and serological status

-Circulating EPCs correlated with ESSDAI and angiogenic T cells
Gresele et al. 2009 APS  [24] 20 -No difference in circulating EPCs compared to healthy controls
Green et al. 2017 APS  [25] 43 -Trend to decreased circulating EPCs but not significant
Lee et al. 2007 SLE  [26] 70 -Decreased circulating and early EPCs

-No correlation with serological status
Westerweel et al. 2009 SLE  [27] 15 -Depletion of circulating EPCs in clinical remission at least 1 year
Moonen et al. 2007 SLE  [28] 44 -Decreased circulating EPCs

-Reduced migratory capacity of EPCs
Grisar et al. 2008 SLE  [29] 31 -No difference in circulating EPCs / early EPCs compared to healthy controls

-Lack of adhesion to HUVEC and migratory abilities
Deng et al. 2010 SLE  [30] 35 -Reduced proliferative, adhesion, migratory and tube formation capacities
Ablin et al. 2011 SLE  [31] -No correlation with SLEDAI
Baker et al. 2012 SLE  [32] 70 -EPCs depletion preceded development of atherosclerosis

-EPCs correlated with SLEDAI
Mohan et al. 2015 SLE  [33] 19 -Decreased circulating EPCs

-EPCs correlated with SLEDAI
Coppolino et al. 2008 SLE  [34] 12 -Correlation between EPCs and intravenous immunoglobulin treatment
Oliveira et al. 2022 SLE  [35] 37 -10 mg/day ramipril for 12 weeks increased early EPCs number
Huang et al. 2020 SLE  [36] 20 -Increase in number, migration and proliferation of EPCs induced by 1,25-(OH)2−D3
Holmén et al. 2005 ANCA  [37] 36 -Decreased number of early EPCs in active granulomatosis polyangiitis compared to 

remission/healthy controls
Závada et al. 2008 ANCA  [38] 41 -Decreased number of early EPCs in AAV compared to controls

-No correlation with BVAS, ANCA titers, CRP
Závada et al. 2009 ANCA  [39] 41 -Decreased EPC counts predictive of early relapse
De Groot et al. ANCA  [40] 31 -Increased number of circulating EPCs with immunosuppressors
Wilde et al. 2016 ANCA  [41] 53 - Decreased number of ECFCs in AAV compared to controls

-No difference between active disease or disease in remission
Grisar et al. 2005 RA  [42] 52 -Active RA is associated with circulating EPCs depletion
Herbrig et al. 2006 RA  [43] 13 -Active RA is associated with decreased circulating EPCs and function
Ablin et al. 2006 RA  [44] 14 -Single dose of infliximab increased EPC counts by 33.4%, 14 days later

-Single dose of infliximab increased adhering EPCs by 37.6% and cellular differentia-
tion by 60%, 14 days later

Spinelli et al. 2013 RA  [45] 17 -After three months of etanercept, a negative correlation between EPC count and 
DAS28

Grisar et al. 2007 RA  [46] 29 -Glucocorticoids normalized EPC count
Park et al. 2014 RA  [47] 126 -CXCL12, marker of bone erosion, inversely correlated with EPC level
Pulito-Cueto et al. 2020 RA  [48] 20 -Increased EPC number in RA associated with interstitial lung disease
Kuwana et al. 2004 SSc  [49] 11 -Decrease in circulating EPC counts

-Lower capacity to differentiate into endothelial cells
Del Papa et al. 2006 SSc  [50] 62 -Increased circulating EPCs in early stage disease only

-Close negative correlation with disease duration
-No correlation with disease activity score

Avouac et al. 2008 SSc  [51] 50 -No difference in the number of late EPCs compared to healthy controls
Allanore et al. 2007 SSc  [52] 32 -EPC count decreased with chronicity of disease



2601Stem Cell Reviews and Reports (2023) 19:2597–2611 

1 3

this study was based on a small cohort, several results were 
of interest, including different parameters as endothelial 
damage and endothelial repair. Therefore, this study high-
lights the importance of initial EPCs counts in the prognosis 
for plasma therapy.

EPCs and Sjögren’s Syndrome

Sjögren’s syndrome (SS) is a systemic autoimmune disease, 
characterized by lymphoid infiltration and affecting certain 
glands, particularly lacrimal and salivary saliva glands. 
Manifestations are dry syndrome and significant func-
tional impairment. Visceral manifestations (lungs, kidneys, 
nerves), are less frequent but are more associated with anti-
SSA/SSB autoantibodies [61]. There is no parallel between 
the severity of dry syndrome and the existence or severity 
of systemic manifestations. Sjögren’s syndrome may be pri-
mary or associated with another systemic disease (rheuma-
toid arthritis, systemic lupus erythematosus, inflammatory 
myopathies or scleroderma) [62]. During SS, neovessels 
contribute to inflammation. Patients with primary SS and 
without cardiovascular events described endothelial dys-
function [63–66]. Several actors are involved in endothelial 
damage like anti-SSA/SSB which promote atherosclerosis, 

endothelial cell detachment leading to anti-endothelial cell 
antibodies (AECAs) able to mediate cytoxicity and apop-
tosis [67].

In 2015, Bartoloni et  al. investigated endothelial 
microvesicles (EMs) and EPCs to evaluate the balance 
between endothelial damage and endothelial repair in 34 
patients with primary SS [22] (Table 1). Thristy-2% of 
patients were treated with hydroxychloroquine and/or low 
doses of corticosteroids (< 10 mg/day). They made a distinc-
tion between EPCs (CD34 + KDR+/CD133+) and late EPCs 
(CD34 + KDR + CD133-) in flow cytometry phenotype. An 
increased number of circulating EMs in SS patients was 
described. EPCs and late EPCs were significantly higher 
in primary SS compared to healthy controls. Moreover, 
there was an inverse correlation between circulating EPCs 
and disease duration from symptoms and diagnosis. EPCs 
and EPCs/late EPCs ratio were not correlated with clinical 
scores of disease activity (Eular SS Disease Activity Index 
(ESSDAI), SS Disease Damage Index SSDDI).

Alunno et al. investigated the involvement and coopera-
tion of EPCs (CD34 + CD133 + VEGFR2+) with angio-
genic T (Tang) cells (CD3 + CD31 + CXCR4+) in 36 
patients with primary SS [23]. No correlation was observed 
between circulating EPCs and patient age, disease duration, 

AAV: ANCA-associated vasculitis
ANCA: Anti-Neutrophil Cytoplasmic Antibodies
APS: Antiphospholipid Syndrome
BVAS: Birmingham Vasculitis Activity Score
DAS28: Disease Activity Score 28
dSSc: diffuse Systemic Sclerosis
ECFCs: Endothelial Colony Forming Cells
EPCs: Endothelial Progenitor Cells
lSSc: limited Systemic Sclerosis
RA: Rheumatoid Arthritis
RP: Raynaud’s Phenomenon
SLE: Systemic Lupus Erythematosus
SLEDAI: Systemic Lupus Erythematosus Disease Activity Index
SS: Sjögren Syndrome
SSc: Systemic Sclerosis
TTP: Thrombopenic Thrombocytopenic Purpura

Table 1  (continued)

Authors Year Disease Ref Number of 
patients

Results

Andrigueti et al. 2015 SSc  [53] 39 -EPC level correlated with number of RP
-No correlation with RP duration, autoantibody profile and Rodnan Skin Score

Zhu et al. 2008 SSc  [54] 54 -No difference between lSSc and dSSc
Del Papa et al. 2010 SSc  [55] 28 -EPC dysfunction correlated with titers of anti-endothelial cell antibodies
Pulito-Cueto et al. 2021 SSc  [56] 21 -Higher EPC numbers in patients with SSc and interstitial lung disease
Manetti et al. 2019 SSc  [57] 40 -Decreased circulating lymphatic EPCs in digital ulcer
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autoantibody titers and serological status. EPCs were 
directly correlated with ESSDAI and Tang cells (Table 1).

In these two studies, the mean age was similar. The mean 
disease duration was higher in the Alunno study (11 years) 
compared to the Bartoloni study (5 years), with 53% and 
32% of patients treated by hydroxychloroquine (HCQ), 
respectively.

Thus, contradictory results were obtained in these two 
studies regarding a correlation between EPCs, disease dura-
tion, and ESSDAI. Antibody profiles and titers did not be 
correlated with the decrease in EPCs. In primary SS, lead-
ing to endothelial damage, EPCs mobilization may preserve 
vascular integrity. Disease duration progressively decreased 
the reparative capacities of EPCs [22]. We were not able 
to determine if there was an impact of HCQ and/or cor-
ticosteroids on EPCs. HCQ appeared to improve endothe-
lial dysfunction [68–70] limiting EPCs recruitment and 
angiogenesis.

EPCs and Antiphospholipid Syndrome

Antiphospholipid syndrome (APS) is a systemic autoim-
mune pathology defined by arterial and/or venous throm-
botic manifestations, obstetrical complications, associated 

with the persistent presence of anti-phospholipid antibod-
ies (aPLs) which are circulating lupus anticoagulants (LA), 
anticardiolipin antibodies (aCL), and anti-β2Glycoprotein 
I antibodies (aβ2GPI) [71]. These aPLs cause endothelial 
damage with cellular activation of endothelial cells, mono-
cytes, neutrophils and platelets [72, 73]. Endothelial cells 
switch from an anticoagulant phenotype to a procoagulant 
phenotype through the expression of adhesion molecules 
(E-selectin, VCAM-1, ICAM-1), vWF secretion, tissue 
factor and pro-inflammatory cytokines (IL-1, IL-6, TNFα) 
[73, 74]. This cellular activation also generates pro-
inflammatory and pro-coagulant microparticles [73]. This 
mechanism also activates the vascular endothelium and 
decreases fibrinolysis [73]. Preliminary studies have dem-
onstrated endothelial dysfunction associated with arterial 
remodelling in patients with primary APS [75]. This alter-
ation is secondary to an increase in production of TLR2 
and TLR4. The consequence of this permanent endothelial 
dysfunction is hypercoagulability [76, 77], pro-inflamma-
tory [78] and pro-aggressive/adhesive state [74, 79]. The 
pro-thrombotic state is described as a first trigger for vas-
cular damage. The second trigger occurs when an inflam-
matory event (sepsis or trauma) occurs, inducing vascu-
lar thrombosis. In addition to hypercoagulability, APS is 

Table 2  Pharmacological treatments that act on endothelial progenitor cells in autoimmune diseases

ANCA: Anti-Neutrophil Cytoplasmic Antibodies
DAS28: Disease Activity Score 28
ECFCs: Endothelial Colony Forming Cells
EPCs: Endothelial Progenitor Cells
RA: Rheumatoid Arthritis
SLE: Systemic Lupus Erythematosus
TTP: Thrombopenic Thrombocytopenic Purpura

Authors Year Disease Ref Num-
ber of 
patients

Treatment Results

Widemann et al. 2014 TTP  [21] 22 rituximab -Decreased at M3 and M6
Coppolino et al. 2008 SLE  [34] 12 intravenous immunoglobulin -Correlation with EPCs
Oliveira et al. 2022 SLE  [35] 37 ramipril -10 mg/day ramipril for 12 weeks increased early EPCs 

number
Huang et al. 2020 SLE  [36] 20 1,25-(OH)2−D3 -Increase in number, migration and proliferation of EPCs
De Groot et al. 2007 ANCA  [40] 31 immunosuppressive therapy -Number of circulating EPCs increased significantly
Ablin et al. 2006 RA  [44] 14 infliximab -Single dose of infliximab:

increased EPC counts by 33.4%, 14 days later
increased adhering EPCs by 37.6% and cellular differentia-

tion by 60%
Spinelli et al. 2013 RA  [45] 17 etanercept -After three months, a negative correlation between EPC 

count and DAS28
Grisar et al. 2007 RA  [46] 29 glucocorticoids -Normalized EPC count
Furuya et al. 2010 SSc  [58] 12 cyclophosphamide -After two weeks, increased EPCs for lung intersitial disease
Del Papa et al. 2008 SSc  [59] 20 simvastatine -After 12 weeks at 20 mg/day, no change about EPCs number
Andrigueti et al. 2017 SSc  [60] 41 sildenafil -8 weeks at 100 mg/day, no change about EPCs number
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associated with increased markers of vascular remodeling 
leading to accelerated atherosclerosis [75].

In 2009, Gresele et al. studied endothelial function in 
20 cases of primary antiphospholipid syndrome compared 
to 39 sex- and age-related healthy controls [24] (Table 1). 
They described no significant difference in endothelial 
dysfunction between primary APS and healthy controls 
evaluated by flow mediated dilation (FMD) of the bra-
chial artery diameter, hyperemic blood flow and plasmatic 
markers with vWF and soluble P-selectin. In a subgroup, 
they compared endothelial damage and regeneration with 
CECs and circulating EPCs (CD34 + CD133 + VEGFR2+), 
respectively. No differences were observed for these two 
parameters. Authors concluded that APS was not a risk 
factor for endothelial damage. However, due to the small 
size of the sample, and the absence of endothelial dam-
age recovered, these results need to be extended to a larger 
cohort. Green et al. found similar results with only a trend 
to decreased circulating EPCs (CD34 + CD133+) counts in 
43 patients with primary APS compared to healthy controls, 
but not statistically different [25] (Table 1). They noted a 
significant reduction of EPCs to differentiate into endothe-
lial cells in patients with primary APS. It appears that this 
alteration of the differentiation potential of EPCs was not 
induced by aPL. Type I IFN was overexpressed like in SLE. 
In vitro, IFN-I depletion restored EPCs differentiation into 
ECs. Treatment reducing specifically IFN-I like hydroxy-
chloroquine, already used in SLE, is a promising track for 
the management of APS [70].

Thus, APS seem do not decreased EPCs number but 
reduced differentiation into ECs. Results required to be con-
firm on larger cohort.

EPCs and Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) is a systemic antuo-
immune disorder with heterogeneous clinical manifesta-
tions. SLE increases cardiovascular risk which contributes 
to cardiovascular morbidity and mortality. The relative risk 
of coronary heart disease in SLE is increased 8–10 fold 
[80]. The main hypothesis is that systemic chronic inflam-
mation, associated or not with immunosuppressive thera-
pies, contributes to endothelial dysfunction with apoptosis 
of ECs and a higher remodelling of vascular wall. Lee 
et al., in 70 patients with SLE compared to 31 healthy con-
trols, observed a significant decrease in the number of cir-
culating EPCs (CD34 + VEGFR2+) as well as early EPCs 
[26] (Table 1). No correlation between early EPCs and 
autoantibody profile was described. MX1 gene expression 
coding for type I interferon (IFN-I), known to be involved 
in SLE pathophysiology, was associated with EPCs deple-
tion. Thus IFN-I contributes to endothelial dysfunction 
by altering EPCs, leading to premature atherosclerosis by 

antiproliferative effect on EPCs. Similar results confirmed 
the depletion of circulating EPCs (CD34 + VEGFR2+) in 
15 women with SLE in clinical remission for at least 1 year 
[27] (Table 1). However, EPCs autoantibody anti-DNA, 
antiphospholipid antibodies and complement factors were 
not associated with a decrease in EPCs. Moonen et al. 
supported these findings, showing a decreased number 
of circulating EPCs CD34+/CD133 + in 44 patients with 
SLE associated with impaired functionality and reduced 
migratory capacity [28] (Table 1). Ebner et al. summarized 
the results of several studies and reported an excessive 
apoptosis of EPCs associated with a decreased number 
and an impaired functionality of circulating EPCs with 
reduced differentiation into ECs, migratory capacity and 
proliferative rate [81].

Contradictory results were reported by Grisar et al. and 
Deng et al. in 31 and 35 patients with SLE, respectively. There 
were no differences in EPC numbers compared to healthy con-
trols [29, 30] (Table 1). Grisar et al. described EPCs by flow 
cytometry (CD34 + CD133 + VEGFR2+) and early EPCs. 
EPCs from SLE presented impaired functionality with a lack 
of adhesion to HUVEC and migratory ability [29]. Deng 
et al. reported a significant reduction in proliferative capac-
ity, adhesion to fibronectin, Matrigel tube formation assay and 
migratory capacity to VEGF associated with overexpression 
of ICAM, IL-6 and iNOS [30] (Table 1). Ablin et al. con-
firmed no difference in early EPCs and no correlation between 
EPCs depletion and SLE disease activity index (SLEDAI) 
score [31] (Table 1). Interestingly, EPCs increased adherence 
to fibronectin. Authors hypothesized that adhesion molecules 
on vascular endothelium were up-regulated and contributed 
to homing cell in vascular injury. Faced with these apparently 
contradictory results, authors suggested the involvement of 
the methodology used and the difference in treatment able to 
mobilize EPCs from bone marrow [30].

Baker et  al.  studied the var iation in EPCs 
(CD34 + CD133 + VEGFR2+) in 70 patients with SLE 
who previously developed atherosclerosis and coronary 
artery calcification evaluated by carotid intima-media thick-
ness and tomography [32] (Table 1). EPCs decreased even 
if there was no coronary artery calcification. Thus, EPCs 
depletion preceded the development of atherosclerosis and 
was correlated with SLEDAI. In 46 female SLE patients, 
pathological values of pulse wave velocity (PWV) led to 
decrease of circulating EPCs compared to normal PWV 
[82]. Decreased EPC counts were also associated with 
fibrinogen, high-sensitivity CRP, hypertension, tobacco 
use, impaired glucose metabolism, and metabolic syndrome. 
To complete these results, metabolic syndrome, which is 
highly prevalent in patients with systemic lupus erythema-
tosus SLE, is closely linked with a decreased percentage of 
circulating EPCs (CD34 + KDR+/CD133+) and late EPCs 
(CD34 + KDR + CD133-) [83].
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A decrease in the number of circulating EPCs 
(CD34 + CD133+) and in their differentiation into ECs was 
observed in 19 childhood-onset SLE [33]. This deleterious 
effect was blocked by an inhibitor of type I IFN. Type I 
IFN was significantly elevated in SLE but not correlated 
with vascular dysfunction [33] (Table 1). In contrast to 
adults, the decrease in circulating EPCs (CD34 + CD133+) 
was correlated with SLEDAI. Type I IFN and specifically 
IFNα genes were overexpressed. TLR 7 and TLR 9 were 
induced by IFNα synthesis [84]. IFNα promoted defec-
tive vasculogenesis and was responsible for pleiotropic 
effects with premature atherosclerosis [84]. A correlation 
of EPCs increase was observed in 12 patients with intra-
venous immunoglobulin treatment [34] (Tables 1 and 2). 
The main hypothesis was the clearance of AECA which was 
able to induce EPCs apoptosis [34]. Finally, frequently used 
therapies for SLE have demonstrated beneficial effects on 
EPCs suggesting pleiotropic effects [35] (Tables 1 and 2). 
A regimen of ramipril 10 mg/day for 12 weeks increased the 
number of early EPCs in 37 female patients with SLE. These 
results suggest that angiotensin-converting enzyme inhibitor 
allows an extra benefit beyond the hypotensive action [35]. 
Recently, vitamin D substitution demonstrated an improve-
ment on vascular endothelial function. Huang et al. reported 
an increase in the number, migration and proliferation of 
EPCs (CD34 + KDR+) after culturing in different concentra-
tions of 1,25-(OH)2 D3 [36] (Tables 1 and 2).

Thus, in SLE, a great heterogeneity of results were 
reported, mainly linked to the diversity of the identification 
protocol [85]. These results do not allow us to conclude that 
EPCs are reduced in SLE or a negative correlation between 
EPCs and the SLEDAI score. A positive effect of pharmaco-
logical treatments used in this disease seem to improve the 
number and proliferation of EPCs.

EPCs and ANCA Vasculitis

Anti-neutrophil cytoplasmic antibody (ANCA)-associated 
vasculitis (AAV) is a small vessel vasculitis of autoimmune 
origin with autoantibodies directed against proteinase 3 
(PR3) or myeloperoxidase (MPO) contained in neutrophils 
[86]. Three entities are currently described: microscopic 
polyangiitis, granulomatosis with polyangiitis and eosino-
philic granulomatosis with polyangiitis.

Physiologically, endothelium-neutrophil interactions 
are involved, with migration to inflammatory site. This 
relationship regulates neutrophil recruitment [87]. ANCA 
disrupts mechanisms of regulatory diapedesis. An overex-
pression of adhesion molecules ICAM-1, and VCAM-1 by 
endothelial cell associated with β1/β2 integrins by neutro-
phil was observed in ANCA patients [87]. After adhesion, 
neutrophil activation leads to the release of inflammatory 
cytokines, oxidants and enzymes that are toxic for the 

endothelium. The consequences are endothelial damage 
with apoptosis of ECs, and vessel wall detachment with 
CECs [87]. All these changes in the vascular endothelium 
induce a hypercoagulability state and patients with AAV 
have an increased risk to develop venous thromboembo-
lism [88].

Endothelial injury is not the only process involved in the 
balance between endothelial injury/endothelial repair, with 
decreased endothelial regeneration. In 2005, Holmén et al. 
investigated EPCs (CD34 + CD133 + VEGFR2+) in 36 
patients with granulomatosis polyangiitis. They described 
a significantly lower number of early EPCs in patients with 
active granulomatosis polyangiitis as compared with those in 
remission and healthy controls [37] (Table 1). Závada et al. 
found a signifiantly decreased number of early EPCs in 41 
patients with active AAV compared to healthy controls [38] 
(Table 1). In contrast, no difference was observed in the num-
ber of circulating EPCs in untreated patients with active dis-
ease, in treated patients with active disease and in patients in 
remission. There was no correlation between early EPCs and 
Birmingham Vasculitis Activity Score (BVAS), ANCA titers 
or CRP. They observed a trend toward a higher number of early 
EPCs in patients with anti-MPO antibodies compared to anti-
PR3. A complementary study revealed that a decrease in EPCs 
count was predictive of early relapse in 41 AAV patients but 
not for disease progression and organs involved [39] (Table 1). 
De Groot et al. revealed contradictory outcomes in 31 patients 
[40] (Tables 1 and 2). They measured BVAS, CECs and EPCs 
before and 1, 3 and 6 months after the introduction of immu-
nosuppressants. BVAS significantly decreased after 1, 3 and 
6 months of treatment and the number of CECs significantly 
decreased at 3 and 6 months of treatment compared to baseline, 
suggesting a reduction in endothelial damage with the therapy. 
The median number of circulating EPCs was similar in patients 
before treatment and healthy controls. Therefore, one month 
after immunosuppressive therapy, the number of circulat-
ing EPCs increased significantly and with disease remission 
suggesting that the change in EPCs count was secondary to 
therapy. Závada et al. showed a trend toward higher early EPCs 
if patients were not treated by immunosuppresive therapies 
[38]. Wilde et al. confirmed Závada’s results with a decrease 
in the number of circulating EPCs (CD34 + CD133 + KDR+) 
in 53 patients with AAV compared to healthy controls with no 
difference between active disease or disease in remission [41] 
(Table 1). The number of ECFCs (after 10 days of culture) 
was decreased in active disease or disease in remission unlike 
early EPCs. ECFC impairment was associated with disease 
relapse. A lack of EPCs functionality (potential to form colo-
nies, clusters) was reported [89] supporting the impairment of 
the regenerative capacities of EPCs in AAV. Impairment of 
migration and angiogenic capacity of ECFCs (after 40 days 
of culture) was confirmed in 13 patients with PR3-positive 
compared to controls [90].
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All these results show that the number of bone marrow-
derived circulating EPCs was significantly lower in patients 
with AAV than in healthy subjects. This decrease in EPCs 
number, in particular ECFCs, and function illustrate the 
lack of endothelial repair probably responsible for relapse, 
morbidity and mortality. Moreover, EPCs decreased is able 
to predict relapse. As previously reported, pharmacological 
treatments reported positive effect to restore EPCs count. 
The apparent contradiction between studies was more attrib-
utable to inclusion criteria, the therapeutics used, disease 
duration and the cardiovascular risks associated.

EPCs and Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a chronic inflammatory disease 
with a prevalence of about 1% in most parts of the world. 
The pathophysiology is based on chronic inflammation of 
synovial joints associated with synovial cell proliferation 
and infiltration by blood-derived cells like T cells and mac-
rophages. The disease is associated with endothelial dys-
function which contributes to atherosclerosis. Patients with 
RA presented a higher incidence of cardiovascular disease 
[91]. RA is an independent factor of traditional cardiovas-
cular risk like hypertension, smoking, and dyslipidemia. 
Clinically, RA is evaluated by Disease Activity Score 28 
(DAS28).

Grisar et al. studied circulating EPCs (CD34+/CD133+/
VEGFR2+) in 52 patients with RA compared to 16 healthy 
controls [42] (Table 1). A subgroup analysis was performed 
in RA patient, between active disease (DAS ≥ 3.2) and inac-
tive disease. Active RA was associated with EPCs depletion 
while inactive RA presented similar results to healthy con-
trols. The EPCs level was inversely correlated with disease 
activity assessed by DAS28. EPCs depletion is due to the 
overexpression of TNF-α. Results were confirmed in another 
study, including 13 patients, in which EPCs number and 
function were reduced in RA [43] (Table 1). EPCs in RA 
patients presented defective migratory activity to VEGF, 
attenuated ability to adhere to mature ECs and components 
of extracellular matrix. A closed correlation between IL-6 
and EPCs count was reported. Therefore, in patients with 
RA and severe endothelial dysfunction, the ability to form 
early EPCs was significantly impaired and the disease dura-
tion was long, 9.2 years [92, 93]. Yiu et al., demonstrated 
that RA patients with coronary atherosclerosis have sig-
nificantly lower levels of CD133/KDR + EPCs than those 
without [94].

Anti-TNFα treatment was evaluated in circulating EPCs. 
A single dose of infliximab led to an increase of 33.4% in 
EPCs (CD34 + KDR+) levels 14 days later in 14 patients 
with RA [44] (Tables 1 and 2). Moreover, authors observed 
an increase of 37.6% in the mean number of adhering 
EPCs and an increase of 60% incellular differentiation 

into ECs, suggesting an improvement in EPCs function-
ality. Simultaneously, they noted a decrease of 17.5% 
in DAS28 and a significant correlation between DAS28 
and early EPCs, evaluated by in vitro culture. These find-
ing are based on a short exposure to infliximab. Spinelli 
et al. studied the effect of etanercept and adalimumab on 
circulating EPCs (CD34 + KDR+) at three months in 17 
patients [45] (Tables 1 and 2). A negative correlation was 
observed between the mean increase in EPCs count and the 
mean decrease in DAS28 after three months. The suppres-
sion of the inflammatory process might positively affect 
the endothelial function. Glucocorticoids used to treat 29 
patients with active RA led to a decrease in TNF-α and IL-6 
levels associated with a normalization of EPCs count and 
a decrease in DAS28 [46] (Tables 1 and 2). Similar results 
were described with a trend toward an increase in circulating 
EPCs (CD34 + CD133 + VEGFR2+) under anti-TNF-α and 
glucocorticoids [95]. TNF-α was increased in patients with 
early RA which was associated with DAS28. Authors sug-
gested that a higher IFNα level was associated with endothe-
lial repair failure [95]. The IFNα level was associated with 
higher disease activity (DAS28), presence of autoantibod-
ies, higher levels of IL-1β, IL-6, IL-10 and MIP-1α, lower 
levels of TGF-β, and increased late EPCs (CD34 + CD133-
VEGFR2+) / EPCs (CD34 + CD133 + VEGFR2+) ratio 
suggesting endothelial damage and defective repair [96]. 
Similarly, a three-month course of methotrexate restored cir-
culating EPCs (CD34 + VEGFR2+) levels similar to those 
of the controls [97]. Conversely, three months treatment with 
fenofibrate did not significantly improve circulating EPCs in 
15 RA patients [98].

More recently, in addition to endothelial dysfunction and 
premature atherosclerosis, EPCs depletion was associated 
with bone erosion. CXCL12, a marker of bone erosion, was 
inversely correlated with EPCs (CD34 + VEGFR2+) count 
in 126 patients [47] (Table 1). CXCL12 is a chemokine cog-
nate CXCR4 receptor which promotes the migration of pro-
genitor and inflammatory cells. CXCL12 is produced in RA 
by the synovium which facilitates the migration and seques-
tration into inflamed joints leading to a reduced number of 
circulating EPCs. The recovery of EPCs after 24 weeks of 
anti-TNFα therapy improved endothelial function. CXCL12 
did not change with treatment. TNF-α promotes CXCR4 
receptor expression which facilitates CXCL12 chemoattract-
ant activity. Thus, anti-TNF-α allows to decrease CXCR4 
expression and to limit EPCs retention in joints.

Similarly, EPCs have been proposed as a biomarker of 
RA with interstitial lung disease. Authors reported a sig-
nificant increase in EPCs (CD34 + CD133 + VEGFR2+) 
number in 20 patients with RA and interstitial lung disease 
compared to healthy controls and to patients with RA and no 
interstitial lung disease [48] (Table 1). These results suggest 
that EPCs are recruited at the sites of vascular damage to 
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exert a compensatory mechanism due to endothelial damage. 
Moreover, authors reported an association between deple-
tion of circulating EPCs and decrease of Tang cells [99]. 
This decrease in Tang cell-abrogated EPCs functionality was 
correlated with disease activity (DAS28) and inversely with 
autoantibody positivity [99]. Tang cells collaborated with 
EPCs for angiogenesis, representing one part of the patho-
physiology of endothelial dysfunction in RA.

EPCs number is decreased during PR more particu-
larly during active disease and is inversely correlated with 
DAS28. Defective migratory activity is associated with 
EPCs depletion. The mechanism is probably multifactorial, 
mediated on the one hand by pro-inflammatory cytokines 
like IFN-I and on the other by joint sequestration linked to 
bone erosion. Immunosuppressive treatments, such as anti-
TNF or glucocorticoids, improve the number and function 
of EPCs.

EPCs and Systemic Sclerosis

Systemic sclerosis (SSc) is a chronic autoimmune rheu-
matic disorder characterized by fibrosis and vascular oblit-
eration of the skin and other organs, particularly the lungs, 
heart and digestive tract. There are two main forms of SSc: 
limited cutaneous form (lSSc) and diffuse cutaneous form 
(dSSc). The etiology is unknown but probably multifacto-
rial. Pathogenesis is based on immunologic abnormalities 
with the presence of typical anti-nuclear autoantibodies, 
chronic inflammation, microangiopathy, excessive deposi-
tion of collagen, ischemic tissue and endothelial damage.
The extensive fibrotic changes are responsable for morbid-
ity with digital ulcer, Raynaud’s phenomenon (RP), chronic 
pain syndromes, pulmonary arterial hypertension in 15% of 
patients, lung fibrosis in 80% of cases, gastrointestinal com-
plications, renal failure due to thrombotic microangiopathy 
and cardiac disease, which is probably underestimated [100, 
101]. Recent data suggest an impairment of vasculogenesis 
[49], neovascularization, angiogenesis and vascular wall 
remodeling [102].

Contradictory results were reported during the past two 
decades in EPCs studies. Kuwana et al. were the first to 
describe a decrease in the number of circulating EPCs 
(CD34+/CD133+/VEGFR2+) and a lower ability to differ-
entiate into endothelial cells in 11 patients with SSc, associ-
ated with higher angiogenic factors [49] (Table 1).

Avouac et al. reported in 100 SSc patients that high 
placental growth factor and low EPCs (CD34+/CD133+/
VEGFR2+) count predict new digital ulcers [103]. Simi-
lar results in 60 SSc patients reported that decreased 
EPCs (CD34+/CD133+/VEGFR2+) count and increased 
VEGF were associated with the late nailfold videocapil-
laroscopy [104].

In 2006, Del Papa et al. reported a significant increase 
of circulating EPCs (CD133+) in 62 patients at early stage 
disease compared to healthy controls but not in late stage 
disease [50] (Table 1). They reported a close negative cor-
relation between EPC level and disease duration. Indeed, 
when SSc patients were stratified by disease duration (under 
5 years and 3 years for lSSc and dSSc, respectively), they 
observed that patients with recent disease had a significantly 
higher level of circulating EPCs than patients with chronic 
disease. These authors found no difference in EPC rate 
between lSSc or dSSc and no correlation with clinical or 
disease activity score.

Avouac et al. also described a higher level of circulating 
EPCs in 50 patients with SSc, with a mean disease duration 
of 9 years compared to healthy controls, with no difference 
in the number of late EPCs [51] (Table 1). EPCs count was 
inversely correlated with digital ulcers. Yamaguchi et al. 
reported higher MACs (CD34 + VEGFR1 + CD14+) level 
in 23 SSc patients that exert enhanced angiogenesis but are 
impaired in vasculogenesis [105]. Benyamine et al. described 
in 45 SSc patients compared to 41 controls EPCs  (CD34+/
CD45−). The increase of EPCs was correlated with serum 
fractalkine level and associated with disease severity [106].

Allanore et al. described a decrease in EPCs count in 
32 patients with chronicity of disease explaining the results 
of the Kuwana study in which patients had a mean disease 
duration of 10 years and the Del Papa study in early stage 
disease [52] (Table 1). Another study reported similar results 
to Kuwana et al. with a significantly lower number of EPCs 
(CD133+/VEGFR2+) in SSc patients associated with 
endothelial dysfunction evaluated with FMD [107]. Patients 
with SSc with no concomitant cardiovascular risk factors 
also had a lower number of EPCs. Andrigueti et al. sup-
ported these findings with a decrease in EPCs in early-stage 
disease associated with endothelial dysfunction. Moreover, 
EPCs level was positively correlated with the mean number 
of RP, but not with RP duration, disease duration, autoanti-
body profiles and modified Rodnan Skin Score (RSS) in 39 
patients [53] (Table 1). The number of early EPCs was lower 
in patients with SSc than in healthy controls.

Zhu et  al. described lower circulating early 
EPCs (CD34 + CD133+, CD34 + VEGFR2 + or 
CD34 + CD133 + VEGFR2+) counts and CFU-Hill in 
54 SSc patients than healthy subjects with no difference 
between patients with lSSc and dSSc or between early and 
intermediate/late disease duration [54] (Table 1). An in vitro 
culture of EPCs, isolated from bone marrow or cord blood, 
with sera of SSc patients exhibited increased apoptosis. 
The depletion of the IgG fraction of SSc sera abolished this 
effect. EPCs can be altered after their mobilization from 
bone marrow by autoantibodies. Apoptosis was induced 
by the Akt-FOXO3a pathway [54]. In 2010, Del Papa et al. 
showed the presence of bone marrow EPCs dysfunction in 
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28 patients with SSc, without hematopoiesis dysfunction, 
correlated with significant titers of AECA [55] (Table 1). 
Thus, autoantibodies may be involved very early in the 
pathophysiology, functionally impairing EPCs and leading 
to the failure of endothelial restoration. The loss of func-
tional ability was partially illustrated by the fact that early 
EPCs progressively acquired a mesenchymal phenotype in 
SSc, due to overexpression of TGF-β, which led to vascular 
dysfunction [108].

EPCs are involved in the pathophysiology of vasculopathy 
and lung fibrosis in SSc [56]. Mobilization of EPCs during 
idiopathic pulmonary fibrosis has been previously described 
with a hypercoagulable state [109]. Indeed, 21 patients with 
SSc and interstitial lung disease had a higher number of EPCs 
(CD34 + CD133 + VEGFR2+) than healthy controls or patients 
with SSc and no interstitial lung disease. Like Del Papa et al.,in 
2006, a negative correlation between disease duration and EPCs 
number was found [56] (Table 1). Administration in intra-
venous of cyclophosphamide at two weeks to treat intersitital 
lung disease in SSc increased EPCs [58]. In contrast, in 20 and 
41 SSc patients, simvastatine 20 mg/days 12 weeks and silde-
nafil 100 mg/day 8 weeks respectively failed to improve EPCs 
number (Table 2) [59, 60].

Pharmacological treatment are not only process which 
can be increased EPCs in SSc. Tinazzi et al. reported in 30 
SSc patients that EPCs increased at 60 and 90 days after 
extracorporeal shock waves et improved RSS and skin vas-
cular score [110]. However in this article, the gating strategy 
to differentiate CECs and EPCs was not specified.

Recently, Manetti reported a decrease in the number of 
circulating lymphatic EPCs (CD34 + CD133 + VEGFR3+) 
in 40 patients with complicated digital ulcer in SSc [57] 
(Table 1). Tang cell expansion was described, suggesting an 
ineffective proliferation unable to compensate the decrease 
in EPCs [111]. The association of lymphatic EPCs and Tang 
cells with EPCs needs to be more investigated.

Several studies presented contradictory results about 
EPCs number and correlation with disease duration or dis-
ease activity score. Due to clinical presentation, disease 
duration and medical care, further studies are requiring to 
determine EPCs evolution during SSc.

Conclusion

EPCs contribute to endothelial vascular repair and are 
involved in this homeostasis. Dysregulation, with decreased 
number or impaired functionality, leads to higher cardiovas-
cular risk. Rheumatic diseases and autoimmune disorders 
are associated with a higher frequency of cardiovascular 
events and EPCs depletion is involved in this complex pro-
cess. However, most studies have not evaluated the functional 
aspect of ECFCs. It would be necessary to assess the impact 

of therapies on early EPCs and ECFCs. Standardisation is 
needed for cardiovascular risk diseases, in particular APS, 
SLE and RA on the evaluation of EPCs. To conclude, EPCs 
could be used to evaluate early endothelial dysfunction and, 
thanks to their angiogenic properties, the therapeutic poten-
tial of EPCs is being increasingly investigated in several 
pathologies.
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