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Abstract

Background/Aims: Endothelial progenitor cells (EPCs) and 
circulating endothelial cells (CECs) have been described as 
markers of endothelial damage and dysfunction in several 
diseases, including deep venous thrombosis. Their role in 
patients with known thrombophilia has not yet been evalu-
ated. Both EPCs and CECs represent extremely rare cell pop-
ulations. Therefore, it is essential to use standardized meth-
ods for their identification and quantification. Methods: In 
this study, we used multicolor flow cytometry to analyze the 
number of EPCs and CECs in patients with thrombophilia 
with or without a history of thrombosis. Patients with hema-
tological malignancies after high-dose chemotherapy and 
patients with acute myocardial infarction were used as posi-
tive controls. Results: EPC and CEC immunophenotypes 
were determined as CD45dim/–CD34+CD146+CD133+ and 
CD45dim/–CD34+CD146+CD133–, respectively. Increased 
levels of endothelial cells were observed in positive control 
groups. No significant changes in the number of EPCs or 

CECs were detected in patients with thrombophilia com-
pared to healthy controls. Conclusion: Our optimized multi-
color flow cytometry method allows unambiguous identifi-
cation and quantification of endothelial cells in the periph-
eral blood. Our results support previous studies showing 
that elevated levels of CECs could serve as an indicator of 
endothelial injury or dysfunction. Normal levels of CECs or 
EPCs were found in patients with thrombophilia.

© 2019 S. Karger AG, Basel

Introduction

Endothelial progenitor cells (EPCs) and circulating 
endothelial cells (CECs) are extremely rare cell popula-
tions (<50 cells/mL in the peripheral blood of healthy 
controls) [1]. They were originally described by Asahara 
et al. [2] in 1997, and they occur in bone marrow, um-
bilical cord, and the peripheral blood [3].

The physiologic function of EPCs is to maintain vas-
cular integrity, tissue regeneration, and tissue remodeling 
[3, 4]. EPCs are considered as endothelial cell renewal 
markers [5]. Their potential role in the pathogenesis of 
certain diseases is still the subject of studies. Changes in 
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EPC levels have been described in several clinical condi-
tions, e.g., heart failure, diabetes mellitus, cardiovascular 
diseases, and malignant tumors (tumor growth or meta-
static processes) [3–6]. An elevated number of EPCs has 
been associated with chronic exercise of professional run-
ners [7]. Altered EPCs have been demonstrated in pa-
tients with pH-negative myeloproliferative neoplasms 
with thrombotic complications [8]. However, the signifi-
cance of EPCs in the pathogenesis of thrombophilia, ath-
erothrombotic diseases, and thromboembolic diseases is 
still uncertain.

CECs are mature cells which have been released from 
the vascular endothelium as a result of vascular damage 
[9]. CECs are therefore considered as markers of endo-
thelial damage or dysfunction [5, 9]. Furthermore, asso-
ciations with plasma markers of endothelial damage (von 
Willebrand factor and soluble E-selectin) have been de-
scribed [10]. CECs do not have the progenitor potential 
[9, 11], and, in contrast to EPCs, they are difficult to cul-
tivate [12]. Elevated CEC levels have been demonstrated 
in many diseases, such as infection [13], immune disor-
ders [14], pulmonary artery hypertension [15], posttrans-
plantation conditions [16], cancer [17], cardiovascular 
disease [18], and deep venous thrombosis [19]. Many dis-
eases are associated with vascular damage, and hence the 
determination of the CEC number has been considered a 
promising tool to monitor disease activity with the poten-
tial to evaluate prognosis and response to treatment. 
However, the lack of standardized assays/methods and 
use of different CEC immunophenotype definitions re-
sulted in a wide variability in the observed cell count [9].

Flow cytometry is the most useful method for the iden-
tification of CECs and EPCs allowing the evaluation of 
high numbers of cells in the suspension. Determination 
of CECs and EPCs should be based on the specific mark-
ers expressed on the surface of these cells. However, 
the immunophenotypes used for their identification and 
interpretation of acquired data highly vary among 
published studies. Some authors identified EPCs as 
CD45dim/–, CD34+, and CD133+ [20–22] and CECs as 
CD45dim/–, CD34+, and CD133– cells [20, 22, 23]. How-
ever, CD133 and CD34 antigens are expressed by numer-
ous blood cell populations and are not specific for endo-
thelial cells [24]. Therefore, other studies used more ex-
tensive immunophenotyping including CD146 and/or 
CD144 and/or KDR markers for EPC and CEC definition 
[1, 5, 9, 11, 19, 25, 26].

Thrombophilia is defined as an inherited or acquired 
predisposition to venous thrombosis. Congenital abnor-
malities associated with a high risk of venous thrombosis 

include deficiencies in antithrombin, protein C, or pro-
tein S, factor (F) V Leiden mutation (activated protein C 
resistance), and G20210A prothrombin mutations. The 
antiphospholipid syndrome is an example of acquired 
thrombophilia. Nevertheless, many other acquired con-
ditions can increase the risk of thrombosis, such as ac-
quired abnormalities in coagulation proteins (e.g., elevat-
ed levels of FVIII coagulation or deficiencies in the natu-
ral anticoagulants), and certain diseases (e.g., myelo-
proliferative neoplasms) [27, 28]. Data from a healthy 
population in the Czech Republic, i.e., the Central Euro-
pean region, showed a prevalence of the most frequent 
thrombophilia mutations in FV Leiden and G20210A 
prothrombin of 4.5 and 1.3%, respectively [29]. In gen-
eral, more than 10% of the total population is affected by 
at least one identifiable thrombophilia [28].

The aim of our study was to further optimize and stan-
dardize CEC and EPC measurements by multicolor flow 
cytometry and to evaluate the significance of these cells in 
patients with thrombophilia.

Materials and Methods

Peripheral blood was collected using EDTA as an anticoagulant 
from patients with known thrombophilia, healthy controls, and 
patients with presumably increased numbers of EPCs and CECs, 
i.e., patients with hematologic malignancies after high-dose che-
motherapy (autologous stem cell transplantation), patients with 
severe infection (sepsis), or patients with acute myocardial infarc-
tion.

All samples were first analyzed using the XN 3000 (Sysmex) 
blood analyzer and subsequently stained with 7-color assay 
(CD45 – Krome orange/CD31 – FITC/CD146 – PE/CD34 – PerCP-
Cy5.5/CD117 – PE-Cy7/CD133 – APC/CD3 – APC-Alexa Fluor 
750), using a modified EuroFlow standard operating protocol 
(SOP) for bulk lysis for minimal residual disease panels [30]. Mul-
tiparameter flow cytometry immunophenotyping was performed 
using a FACSVerse (Becton Dickinson) flow cytometer and ana-
lyzed with the Kaluza software (Beckman Coulter). The flow cy-
tometer was set according to the EuroFlow instrument setup SOP 
[30]. Peripheral blood specimens were pre-incubated with FcR 
blocking reagent and then incubated with antibodies purchased 
from Beckman Coulter (CD3, CD45, CD117, CD144), BD Biosci-
ences (CD31, CD34, CD146), and MACS Miltenyi Biotec (CD133, 
FcR, KDR). All samples were immediately measured and at least 
2,000,000 leukocytes were acquired per tube. The absolute num-
bers of CECs and EPCs were calculated based on the results of the 
WBC parameter from the blood count.

Statistical analysis was performed using Statistica 12 (StatSoft 
CR s.r.o., Czech Republic). The total statistical significance was 
calculated by ANOVA, individual groups were compared by the 
Mann-Whitney U test, and p < 0.05 was considered statistically 
significant. 
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Fig. 1. Gating strategy for the determination of EPC and CEC im-
munophenotypes. a Gating of mononuclear cells. b Expression of 
CD146 on activated T cells and endothelial cells. c Gating of 
CD34+ progenitor and endothelial cells. d, e Identification of 

endothelial cells using CD31 and CD146. f Differentiation of 
EPCs and CECs using CD133 with the indicated number of cells. 
g, h Identification of hematopoietic progenitor cells using CD34, 
CD133, and CD117.
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Results

We optimized a panel of monoclonal antibodies to de-
termine CECs and EPCs according to their immunophe-
notype. We used anti-CD146 as endothelial lineage-spe-
cific marker, which is also expressed by activated T cells 
that serve in combination with anti-CD3 as an internal 

positive control. Based on our analysis, we determined 
the immunophenotype of CECs and EPCs such as CD45-
dim/–CD34+CD146+CD31+CD133– and CD45dim/–
CD34+CD146+CD31+CD133+, respectively. The im-
munophenotype of progenitor cells is CD45dim/
CD34+CD146–CD133+CD117+ (Fig. 1).

Healthy donors without hereditary thrombophilia 
were used to set normal ranges of CECs and EPCs (n = 
28). Blood samples from 19 women (age range, 19–64 
years) and 9 men (age range, 18–50 years) were measured 
with no difference in CEC and EPC counts between gen-
der (p = 0.9216 and p = 0.4606, respectively). 

Cases with known thrombophilia (n = 61) included 
patients with FV Leiden or FII prothrombin mutations, 
antithrombin or protein C deficiencies, or elevated FVIII 
(Table 1). Thirty-one patients had a positive history of 
thrombosis, and 30 patients had no evidence of previous 
thrombosis. We did not observe any changes in CEC (p = 
0.7605) or EPC (p = 0.2811) levels compared with healthy 
controls nor significant differences between the groups 
with or without a history of thrombosis (p = 0.5786, p = 
0.1917, respectively) (Table 1). In addition, normal levels 
of EPCs and CECs were observed in 3 patients with acute 
thrombosis (data not shown). 

Increased numbers of CECs, but not EPCs, were de-
tected in 2 patients with acute myocardial infarction. Sig-
nificantly elevated levels of CECs (p < 0.0001) were ob-
served in patients with hematological malignancies after 
high-dose chemotherapy or in patients with severe infec-
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Fig. 2. Comparison of CEC (white box) and EPC (gray box) num-
bers per milliliter for each patient group with healthy controls. The 
box ranges are determined at 90% confidence intervals and me-
dian, minimum, and maximum are indicated.

Table 1. Clinical and demographic data from two patient groups and a group of healthy controls and 
quantification of CECs and EPCs

Thrombophilia 
patients (n = 61)

Healthy controls 
(n = 28)

Hematologic + AMI 
patients (n = 31)

Median of age (range), years 46 (25–82) 33 (18–64) 61 (19–81)
Gender, females:males 28:33 19:9 7:24
Positive VTE anamneses, n (%) 31 (50.8) 0 (0) 3 (9.7)

Positive thrombophilia
FV Leiden1

FII prothrombin heterozygote
Elevated FVIII
Antithrombin deficiency
Protein C deficiency

61 (100)
37 (60.7)

7 (11.5)
17 (27.9)

1 (1.6)
1 (1.6)

0 (0) 1 (3.2)
1 (3.2)
0 (0)
0 (0)
0 (0)
0 (0)

Median number of cells/mL (range)
CECs 17.7 (3.1–40.0) 14.2 (3.1–51.9) 82.9 (32.8–1,241.4)
EPCs 3.5 (0–20.5) 2.8 (0–30.2) 17.8 (0–151.7)

The range was determined as 90% confidence interval of the population. AMI, acute myocardial infarction; 
VTE, venous thromboembolism. 1 Homozygote mutation – 1, heterozygote mutation – 36.
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tion (n = 29; Fig. 2). These patients had also significantly 
higher counts of EPCs compared to healthy controls (p < 
0.0001), however EPCs above the limit of detection of the 
method were detected in 4 cases only.

Discussion/Conclusion

Numbers of EPCs and CECs are usually <50 cells/mL 
peripheral blood [1], and therefore an optimal process of 
peripheral blood analysis is crucial. We have used a mod-
ified EuroFlow SOP for bulk lysis for minimal residual 
disease panels, which was developed to analyze rare cell 
populations in the peripheral blood [30]. Therefore, we 
analyzed whole blood samples without mononuclear cell 
isolation and thus avoided potential cell loss during the 
isolation process. The cells were first incubated with FcR 
blocking reagent to minimize nonspecific binding and to 
reduce the risk of falsely positive results.

Due to the low EPC and CEC numbers in the periph-
eral blood, it is essential to properly determine their im-
munophenotype with specific antibody combinations. 
Published data highly vary in the selection of antibodies 
used for EPC and CEC identification. Some works char-
acterized EPCs and CECs with a set of CD45, CD34, 
CD133, and CD31 markers. Antigen CD45 was always 
negative or dimly positive, CD34 and CD31 were always 
positive, and CD133 expression was used to distinguish 
EPCs (CD133+) from CECs (CD133–) [20–23]. How-
ever, this panel of monoclonal antibodies does not in-
clude any specific endothelial marker and therefore can-
not be used to properly identify EPCs and CECs [24]. 
This was confirmed by our analysis (Fig. 1g, h), where 
the CD34+CD133+ population, previously identified as 
EPCs, is CD146– and CD117+. Therefore, hematopoi-
etic stem cells were falsely referred to as endothelial cells. 
These results underline the need for specific endothelial 
lineage markers. Published works inconsistently used 
mainly KDR and/or CD146 and/or CD144 and/or 
CD105 for CEC and EPC identification [1, 5, 9, 11, 19, 
21]. 

In our study, we tested KDR, CD146, and CD144 
markers to determine the endothelial lineage (data not 
shown). CD146 appeared to be the best marker for the 
identification of endothelial cells. Firstly, it exhibits the 
strongest expression, and its positivity on activated T 
cells enables to use these cells as an internal positive con-
trol for the detection of endothelial cells (Fig. 1b). We 
used the multiparameter flow cytometry method to iden-
tify EPCs and CECs. Our 7-color panel included leuko-

cyte marker CD45; endothelial markers CD146 and 
CD31 (PECAM-1); hematopoietic progenitor markers 
CD34, CD117, and CD133; and the T-cell marker CD3 
serving as an internal control. Our measurements con-
firmed that CECs are CD45dim/–, CD34+, CD31+, 
CD146+, and CD133– and could be reliably quantified 
according to this immunophenotype. In comparison 
with the CECs, EPCs additionally express the hemato-
poietic progenitor marker CD133; nevertheless their 
quantification is very difficult due to very low numbers 
in the peripheral blood close to the limit of sensitivity of 
flow cytometry.

CECs and EPCs are very rare cell populations [1], and 
therefore their quantification is very difficult and de-
pends on precise and standardized preparation of the bi-
ological material and a well-defined determination of 
their immunophenotype. Using our standardized meth-
od for peripheral blood preparation and an optimized 
panel of monoclonal antibodies, we could quantify the 
number of CECs in the whole peripheral blood. However, 
the number of CECs measured in patients with thrombo-
philia was very low (median, 17.7 cells/mL) and did not 
statistically differ (p = 0.7605) from CECs found in healthy 
controls (median, 14.2 cells/mL). Increased CEC levels 
were confirmed in patients with hematological malignan-
cies after high-dose chemotherapy and patients with 
acute myocardial infarction (median, 82.9 cells/mL) com-
pared to healthy controls (p < 0.0001). The number of 
EPCs was not above the limit of detection in all cohorts 
apart from 4 hematological patients after autologous stem 
cell transplantation. 

Alessio et al. [19] showed significantly and slightly 
increased CEC numbers in patients with acute and 
chronic deep venous thrombosis, respectively. Howev-
er, our study did neither show significantly increased 
numbers of CECs and EPCs in thrombophilia patients 
with or without thrombosis nor in patients with acute 
thrombosis. On the contrary, our results support pub-
lished data showing elevated CEC levels in patients with 
cardiovascular disease [18] and posttransplantation sta-
tus [16].

In conclusion, our study provides a multicolor flow-
cytometric protocol for rapid and unambiguous identifi-
cation and quantification of both CECs and EPCs in the 
peripheral blood. No significant changes in EPC or CEC 
numbers were detected in patients with known thrombo-
philia compared to healthy controls. However, we have 
shown significantly increased numbers of CECs in select-
ed patients with hematological malignancies and in pa-
tients with acute myocardial infarction. Hence, our data 
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suggest that CECs might be used as a marker of endothe-
lial damage and dysfunction. Sensitive multicolor flow 
cytometry using specific endothelial lineage markers 
should be the preferred method of identifying and enu-
merating these cells in further studies.
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