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High levels of endothelial progenitor cells and circulating endothelial 
cells in patients with Behçet’s disease and their relationship to disease 

activity*
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Abstract: BACKGROUND: Behçet’s disease is a multisystemic vasculitis, associated with vascular endothelial dysfunction. Cur-
rently, the prognosis is unpredictable, because there is still no valid laboratory marker indicating the disease activity in Behçet’s 
disease. Endothelial progenitor cells and circulating endothelial cells are newly introduced hematological markers which are 
presumed to take part in the pathogenesis of vasculitis. 
OBJECTIVES: To evaluate the levels of endothelial progenitor cells and subtypes and circulating endothelial cells in patients with 
Behçet’s disease and to describe their relationship with the disease activity. 
METHODS: A total of 45 patients with Behçet’s disease and 28 healthy controls were included in the study. Endothelial progeni-
tor cells (CD34+CD133+KDR+ as early endothelial progenitor cells and CD34+KDR+ as late endothelial progenitor cells), and 

RESULTS: The mean plasma level of endothelial progenitor cells and circulating endothelial cells, vascular endothelial growth 

with Behçet’s disease. All of these parameters except circulating endothelial cells were also found to be higher in patients with 

C-reactive protein and circulating endothelial cells. 
STUDY LIMITATIONS: The cross-sectional nature of the study and patient characteristics such as being under treatment, which can 
affect endothelial progenitor cells numbers. 
CONCLUSION: The increase in endothelial progenitor cells may play an essential role in the repair of endothelial injury in Be-
hçet’s disease, especially in the active period of the disease. Thus, endothelial progenitor cells can indicate the disease activity. 
In addition, endothelial progenitor cells and circulating endothelial cells can be used as endothelial repair and injury markers 
for Behçet’s disease, respectively.
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INTRODUCTION

Behçet’s disease (BD) is a chronic multisystemic disorder 

resulting from vasculitis and associated with vascular endothelial 

-

-

toimmune diseases. Endothelial damage, activation of coagulation, 

and thrombosis are shown to be important in the pathogenesis.1-3

Endothelial progenitor cells (EPCs) are bone marrow-de-

rived heterogeneous immature cells which appear in neovascular-

ization and vascular homeostasis.4,5 -

mation, injury, or tissue ischemia, they migrate to the peripheral 

circulation and convert into mature endothelial cells to reestablish 

vascular integrity and blood supply.6-9 EPCs express CD34 and 

CD133 as hematopoietic progenitor markers and KDR (kinase insert 

domain receptor, called vascular endothelial growth factor recep-

tor-2, VEGFR2) as an endothelial-lineage marker during the differ-

entiation stage. At the end of this stage, CD133 expression vanishes 
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and the cells are called late or mature EPCs and have little or no 

vasculogenic and repair capability.10 Besides, circulating endothelial 

cells (CECs), CD34+CD133+cells, are cells that have detached from 

the vessel wall endothelium due to injury or disease. Unlike EPCs, 

CECs lack the ability to become endothelial cells again. They may 

be a relevant biomarker of vascular disease. Pro-angiogenic growth 

factors like vascular endothelial growth factor (VEGF) and matrix 

metalloproteinase-9 (MMP-9), which may become apparent with 

endothelial damage, play a crucial role in inducing the mobility of 

EPCs from bone marrow into the peripheral blood.11,12

In the currently available human data, there are limited 

studies that have investigated the association between EPC levels 

and disease activity in BD, and the results of such studies are in-

consistent in respect to EPC levels and the relationship to disease 

activity, mainly due to the different protocols used for EPC quanti-

tation.9,13,14

markers such as C-reactive protein (CRP), erythrocyte sedimenta-

tion rate (ESR), VEGF, and MMP-9 levels in patients with BD have 

not been studied to date on a large scale.

This study aims to evaluate the levels of EPCs, CECs, VEGF, 

and MMP-9 in patients with Behçet’s disease and to investigate their 

relationship to disease activity.

METHODS

Study design and groups

A total of 45 patients with BD diagnosed according to the 

criteria of the International Study Group for Behçet’s Disease, and 

28 healthy control volunteers were included in this case-control 

cross-sectional study. 15 The Hospital Ethics Committee approved 

the study, and written informed consent was obtained from all 

subjects. All procedures complied with Good Clinical Practice stan-

dards, the ethical standards of the Responsible Committee on Hu-

man Experimentation, and the Declaration of Helsinki.

Exclusion criteria for the control group were use of any 

medication, signs and symptoms of any clinical infection or sys-

temic disease, and any invasive procedure during the month before 

blood collection. In the patient group, individuals with a diagnosis 

of any chronic illness other than BD or symptoms or history of coro-

nary artery disease, malignancy, and pregnancy were excluded. 

Patients with at least one mucocutaneous lesion or ac-

tive organ involvement were considered to have “active disease” 

(n=32). Patients who did not have any mucocutaneous lesions or 

having “inactive disease” (n=13).

Blood sample collection and analysis

Peripheral blood samples were drawn into tubes containing 

ethylenediaminetetraacetic acid (EDTA) as an anticoagulant and gel 

tubes without anticoagulant in the morning after overnight fasting. 

Samples were centrifuged immediately for 15 minutes at 3000 rpm 

at 4°C; then, the plasma and serum were stored at -80°C until being 

assayed. Blood samples with the anticoagulant were used the same 

day for analysis of EPCs and CECs.

-

(Miltenyi Biotec), CD34 mAB-PC (Beckman Coulter), and VEGFR2/

KDR-FITC (R&D System) antibodies at room temperature for 10 

minutes. After red cell lysis, the samples were washed and incu-

bated with FITC and PE at room temperature for 15 minutes. For 

a distinct cell population with high expression of the antigens men-

tioned above and low side scatter, and then these cells were assayed 

for KDR expression in the mononuclear cell fraction. Cells that were 

CD34+KDR+ (late EPCs) and CD34+CD133+KDR+ (early EPCs) were 

considered EPCs.7 CD34+CD133+ cells were considered CECs. For all 

the analyses, 5×105 events were collected and scored using a FACS 

Calibur analyzer (Becton Dickinson). The data were processed using 

and the cell count was expressed per one million cytometric events.

Serum VEGF and MMP-9 levels were measured using com-

manufacturer’s standard protocols. The appropriate recombinant 

human VEGF was used for calibration. Sensitivity of the present 

CRP level was determined by immunoturbidimetric assay 

(Beckman Coulter AU5800, Mishima, Japan). Mean ESR was mea-

sured with the capillary kinetic photometric assay (Alifax Test1 

analyzing test systems were run on daily quality control reference 

Karadeniz Technical University.

Statistical analysis

The data are presented as the mean ± standard deviation for 

normally distributed variables and as median values (interquartile 

range for 25-75%) for non-normally distributed variables. The nor-

mal distribution was checked using the Kolmogorov-Smirnov test 

for continuous variables. Comparison between two groups was per-

formed using Student’s t-test for continuous normally distributed 

data and Mann-Whitney test for non-normal variables. Chi-square 

test was used for categorical variables. The variables used to assess 

the correlation were not linear, so Spearman rank correlation test 

was performed to investigate associations between the non-normal-

curve (AUC), and receiver operating characteristic (ROC) curve for 

EPCs and EPC subtypes, CECs, CRP, and ESR levels in the BD group 

were assessed using ROC curve analysis. All the statistical analyses 

were performed with SPSS for Windows® Version 15.0 (SPSS Inc., 

-

RESULTS

A total of 45 patients with BD (22 females and 23 males, 36.7 

± 10.3 years) and 28 age- and sex-matched healthy individuals as 

the control group were included in the study. BD patients had mean 

disease duration of 5.49±5.04 years (median 5, range 0-22 years). Ta-

ble 1 shows the cumulative frequencies of clinical involvement of 

patients with BD. They were characterized by predominantly muco-

cutaneous involvement, since all had a history of recurrent oral aph-

thous lesions, and most patients had a history of genital ulceration 
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(86.7%), erythema nodosum (62.2%), and typical papulopustular 

eruptions (64.4%). Thirty-two out of 45 patients had a minimum of 

one active mucocutaneous lesion or organ involvement, and they 

had no any active complaints when they were enrolled in the study. 

A total of 32 patients were on chronic colchicine therapy, of whom 

16 were receiving a minimum of one extra immunosuppressive 

drug (azathioprine, corticosteroid, or cyclosporine).

  The mean plasma level of EPCs (CD34+CD133+KDR+ as 

early EPCs and CD34+KDR+ as late EPCs), CECs (CD34+CD133+), 

with Behçet’s disease than in healthy controls (Table 2). All of these 

variables except CECs and ESR were also higher in patients with 

active disease, compared to those with inactive disease. 

  Mean levels of late EPCs (CD34+KDR+) (3.88±1.64) and 

early EPCs (CD34+CD133+KDR+) (3.0±1.10) in patients with vas-

cular involvement were slightly higher than in the other patients 

(3.32±1.90 and 2.84±1.79 respectively).  However, the difference be-

TABLE 2: Baseline demographic characteristics and laboratory variables in the study groups

Groups

Variables Controls (n=28) BD (n=45) P Patients with inactive 

disease (n=13)

Patients with active 

disease (n=32)

p

Age (Years) 35.7±7.51 36.7±10.3 0.661 35.9±9.22 37.0±10.8 0.761

CECs 7.50 (3.25-18.25) 18.0 (8.50-23.0) 0.005 19.0 (9.50-29.0) 18.0 (7.25-22.5) 0.531

(CD34+CD133+) 11.0±9.16 20.4±20.4 19.0±11.3 20.7±23.2

Early EPCs 

(CD34+CD133+KDR+)

2.0 (0.00-2.0)
1.46±1.26

3.0 (1.50-4.0)
2.87±1.67

0.001 2.0 (1.0-2.5)
2.0±1.15

3.0 (2.0-4.0)a 0.021

Late EPCs 1.68±1.33 2.84±1.68 0.0001 2.46±1.61 3.22±1.74 0.025

(CD34+KDR+) 3.81±1.82a

MMP9 (ng/mL) 351±194 624±277 0.0001 494±235b 676±279a 0.045

VEGF (pg/mL) 215 (122-342) 335 (222-527) 0.020 218 (128-439) 345 (239-546)c 0.043

CRP (mg/dL) 0.085 (0.043-0.150) 0.450 (0.330-0.830) 0.0001 0.330 (0.330-0.455)a 0.640 (0.330-0.900)a 0.029

ESR (mm/hour) 6.75±3.62 34.1±22.4 0.0001 28.8±15.6a 35.9±24.2a 0.395

TABLE 1: Cumulative frequencies of clinical involvement in BD 

during the disease course

Manifestation No. of patients: 45 (%) 

Oral Aphtha 45 (100)

Genital Ulcer 39 (86.7)

Ocular Involvement 25 (55.6)

28 (62.2)

Papulopustular Eruption 29 (64.4)

Vascular Involvement 9 (20)

Pathergy 9 (20)

Articular Involvement 3 (6.6)

1 (2.2)

Gastrointestinal Involvement 1 (2.2)

Epididymitis 1 (2.2)

Data were expressed as: median (inter quartile range for (25-75%) for non-normal distribution according to Mann-Whitney U test and mean ± SD for normal distribution according to 

Student’s t-test. ap=0.0001 compared to controls; bp=0.047 compared to controls; cp=0.004 compared to controls.

0.028) and CECs (r= 0.41, p= 0.005) (Figures 1 and 2). Early EPCs 

also correlated directly with late EPCs (r= 0.83, p= 0.0001). The du-

ration of BD did not correlate with levels of EPCs.

obtained by ROC curve analysis of EPCs, CECs, CRP, and ESR levels 

in patients with BD and controls, and active and inactive patients 

-

-

tory markers, EPCs and CECs were found to be weaker (Figure 3A). 

As for disease activity, all the variables except CECs showed similar 

marker effects (Figure 3B). 

DISCUSSION 

and CECs in patients with Behçet’s disease and their relationship to 

disease activity. The study demonstrated that the number of EPCs 

(CD34+CD133+KDR+ as early EPCs and CD34+KDR+ as late EPCs) 

comparison with healthy controls. In addition, the number of EPCs 

increased compared to patients with inactive disease.

  Fadini et al. evaluated EPC levels in BD and associated 

BD with progressive EPC decline.9 They reported that patients 

CD34+CD133+KDR+) than controls. However, our study showed 

-

pared to controls. This group also observed that some patients with 

higher disease activity had higher EPC levels, similar to our current 

-

matory state may be accompanied by progressive EPC reduction. 

This hypothesis is consistent with data on other chronic diseases. 

For instance, while unstable angina pectoris is characterized by 
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FIGURE 1: 

and CRP in BD patients

FIGURE 2: 

and CECs in BD patients

increased EPC levels, chronic ischemic heart disease evolves with 

progressively reduced EPCs. 16,17 On this point, they also reported 

that disease chronicity was the primary adverse modulator of EPC 

levels. This was con rmed by the multivariate analysis showing 

BD duration as the only independent variable associated with EPC 

EPCs and disease duration, which may be due to the relatively 

shorter disease duration in our patients.

  In another study, Bozkirli et al. reported no difference in 

EPCs (CD146, CD31, and CD34) levels between BD patients with 

BD and healthy controls.13 However in vascular BD patients they 

observed an increased EPC count, although not statistically signif-

icant. They were also unable to show any correlation between EPC 

count and acute phase CRP and ESR and disease duration. 
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FIGURE 3: ROC curve analysis of variables in all BD patients and controls (A) and active and inactive patients with BD (B), and AUC, p values, 

A B

  Keskek et al. recently showed that EPC (CD146+/ CD31+/

CD45–/CD34+) levels in patients with Takayasu arteritis (TA) 

(n=12) were approximately twice as high as those in BD patients 

(n=11).18 However, the difference in EPC levels between BD patients 

criteria in that study differed from ours, and the sample was also 

very small, which could explain the different results. TA is a severe, 

-

dothelial injury and repair occur simultaneously. The elevated EPC 

histopathology between AT and DB.

Contradictory results for EPCs have also been reported in 

other autoimmune diseases such as systemic lupus erythematosus 

 and RA, while others have reported 

higher levels or no difference.19-25

for quantitation of EPCs and different characteristics of study 

groups like disease activity/severity are probably the main reasons 

for inconsistencies in the study results. 

CECs (CD34+CD133+) are cells that have detached from the 

vessel wall endothelium due to injury and/or disease and lack the 

ability to become endothelial cells again. They may be a relevant 

et al. showed the re-

lationships between CECs in BD and cerebral thrombophlebitis.26 

Kutlay et al. -

cantly in Behçet’s vasculitis when compared to healthy controls. 

-

tients with active disease compared to those with inactive disease.14 

With regard to isolation of CECs, Kutlay et al. used the indirect cell 

plasma level of CECs (CD34+CD133+) in the present study was sig-

correlation between CEC levels and disease activity (Table 2). The 

et al. were assessed generically and 

were likely to contain both EPCs and CECs. In our understanding, 

CECs do not display disease activity in Behçet’s disease.
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AUC p Sensitivity AUC p Sensitivity -

ity

CECs 

(CD34+CD133+)

0.696 

(0.577-0.798)

0.001 89 (76-96) 46 (28-66) 0.560 

(0.404-0.708)

0.534 25 (12-43) 92 (64-99)

Early EPCs 

(CD34+C-

D133+KDR+)

0.719 

(0.602-0.818)

0.0002 100 (92-100) 32.1 (16-52) 0.733 

(0.580.854)

0.003 63 (44-79) 85 (55-98)

(CD34+KDR+)

0.766 

(0.652-0.857)

0.0001 44 (30-60) 92,9 (77-99) 0.724 

(0.570-0.846)

0.004 75 (57-89) 69 (39-91)

0.997 

(0.945-1.00)

0.0001 98 (88-100) 100 (88-100) 1.00 

(0.917-1.00)

0.0001 100 (88-100) 100 

(75-100)

ESR (mm/hour) 0.917 

(0.825-0.970)

0.0001 78 (62-89) 100 (88-100) 0.858 

(0.713-0.947)

0.0001 100 (89-100) 80 (45-97)
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published to date on this subject.

CONCLUSION

We conclude that increased EPC levels can play an essential 

role in the repair of endothelial injury in patients with Behçet’s dis-

ease, especially during the active period. EPCs and CECs can also be 

used as markers of endothelial repair and injury in BD, respectively. 

focusing on their function in the development of the disease can 

increase our knowledge of Behçet’s disease pathogenesis.
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