Low levels of endothelial progenitor cells correlate with disease
duration and activity in patients with Behcet’s disease
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Abstract
Objective
We tested whether Behget’s disease (BD) is characterized by alterations of circulating endothelial progenitor cells
(EPCs),which are involved in vascular homeostasis and repair.

Methods
We enrolled 30 BD patients and 27 matched healthy controls. EPCs were defined and measured by flow cytometry
according to the expression of CD34, CD133 and KDR.

Results
We show that BD patients had significantly lower levels of CD34+KDR+ and CD34+CD133+KDR+ EPCs than controls.
We found significant negative correlations between EPC phenotypes and BD duration, while there were positive correlations
between CD34+KDR+ EPCs and both BD activity scores and C-reactive protein. The lower EPC levels with increasing
disease duration was shown in univariate analysis and in multivariable analysis adjusted for possible confounders.

Conclusions
This is the first report that BD is associated with progressive EPC decline. Reduction of EPCs may represent a mechanism
of induction and/or progression of vascular injury in these patients.
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Introduction

Behcet’s disease (BD) is a relapsing
multisystemic inflammatory disorder
with unknown etiology, but likely de-
termined by the simultaneous contri-
bution of genetic, environmental and
immunologic factors (1). BD has many
features in common with systemic vas-
culitides and it is generally agreed that
initiation of vascular damage in these
disorders is mediated by exaggerated
immune responses against self-anti-
gens located in the vessel wall. How-
ever, an eventual autoantigen has not
been identified, such that the triggers
of these reactions are unknown, and the
mechanisms driving progression of vas-
cular lesions are incompletely under-
stood. The first vascular barrier against
blood-borne reactions is represented
by the endothelial layer, which plays
a major role in maintaining vascular
health, as it regulates vasorelaxation,
adhesiveness and fibrinolysis (2). For
instance, endothelial damage opens the
way to vascular inflammation, which
subsequently leads to atherosclerosis in
subjects with predisposing risk factors,
such as hypercholesterolemia (3). In
analogy, a primary endothelial damage
may represent a trigger for deranged
immune responses against self antigens
in subjects with predisposing genetic
background and autoreactive T lym-
phocytes, thus leading to vasculitis.
Integrity of the endothelial layer relies
on the slow local endothelial cell turno-
ver and on the critical contribution of
circulating cells, namely endothelial
progenitor cells (EPCs) (4). EPCs de-
rive from the bone marrow and are
mobilized in the peripheral circulation
in response to many stimuli including
ischemia and vascular damage(5, 6).
Once in the bloodstream, EPCs con-
stitute a pool of cells that can actively
repair endothelial layer discontinui-
ties by forming a cellular patch at sites
of denudation (7). Moreover, these
cells are directly involved in physi-
ologic and pathologic angiogenesis,
as they integrate into the nascent ves-
sel endothelium (8). Thanks to these
properties, EPCs play major roles in
cardiovascular homeostasis, and it has
been shown in humans that reduction
of circulating EPCs associates with
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endothelial dysfunction and vascular
damage (9-11).

In this study, we quantified circulat-
ing EPCs in BD patients and control
healthy subjects in order to test the
hypothesis that vascular inflammation
associated with BD is characterized by
defective endothelial regeneration.

Material and methods

Patients

A total of 30 patients with BD were re-
cruited at the Immunology or Ophthal-
mic clinics of the University of Padova
(Ttaly). The inclusion criterion was
BD with ocular or systemic involve-
ment, independently of disease stage
and treatment. Exclusion criteria were:
any concomitant acute disease or infec-
tion, recent (within 3 months) surgery
or trauma, overt cardiovascular disease
(ruled out with minimal criteria includ-
ing history and physical examination),
diabetes, hypertension, familiar hyper-
cholesterolemia, pregnancy and lacta-
tion. Diagnosis of BD was confirmed
according to international criteria (12).
In parallel, 27 matched control subjects
were selected from a local community
of office employees who underwent a
health screening. As a disease control
group, we also recruited 7 patients with
active pulmonary sarcoidosis, in whom
diagnosis was confirmed by histologi-
cal criteria (13): 3 of them also had sar-
coidosis related ocular manifestations.
We collected the following data for all
subjects: age, sex, smoking habit (of
one or more cigarettes per day), fam-
ily history for cardiovascular disease
in first degree relatives, BMI (body
mass index calculated as body weight
in kg divided by squared height in m),
systolic and diastolic blood pressure.
Blood samples were collected for the
determination of plasma glucose, total
cholesterol, high density lipoprotein
(HDL) cholesterol, triglycerides con-
centrations. C-reactive protein was
also measured as an index of inflamma-
tion. In BD patients we also collected
the following data: disease duration
(defined as time elapsed since diag-
nosis), presence/absence of the HLA-
B51 susceptibility locus, current use of
corticosteroids or immunosuppressive
drugs. BD severity was estimated using
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scores constructed on the basis of the
diagnostic criteria proposed by the In-
ternational Scientific Committee on
Behget’s disease (14). We obtained a
lifetime score of ocular and extraocular
manifestations, as well as a score of oc-
ular and extraocular manifestations at
time of blood sampling for this study.
Scores ranged from 0 to 20 as previ-
ously described for ocular (15) and glo-
bal activity (16).

Flow cytometry

Circulating progenitor cell level was
determined in fasting blood samples
using direct three-color flow cytom-
etry, as previously described in detail
(17). Since there is no agreement on the
antigenic definition of EPCs, we quan-
tified different putative progenitor cell
populations on the basis of the expres-
sion of three surface antigens: the stem-
ness markers CD34 and CD133 and the

endothelial marker KDR (i.e. type 2
VEGF receptor). Briefly, after red cell
lysis, whole blood cells were stained
with a FITC-conjugated anti-CD34
(Bekton Dickinson), a APC-conjugated
anti-CD133 (clone AC133, Miltenyi
Biotec) and a PE-conjugated anti-KDR
(R&D Systems). We first gated on CD34
or CD133 positive cells, which could
be identified as a distinct cell popula-
tion with high expression of the above
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Fig. 1. The gating strategy used to enumerate circulating progenitor cells. CD34+ and CD133+ cells were identified as cells with low side scatted (SSC) and
high fluorescent intensity of the specific monoclonal antibody. At the intersection of CD34+ and CD133+ gates, double positive CD34+CD133+ cells were
identified. These cell populations were then assayed for the expression of KDR in the mononuclear cell fraction, to identify CD34+KDR+, CD133+KDR+

and CD34+CD133+KDR+ cells.
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mentioned antigens and low side scat-
ter, and then assayed these cells for the
expression of KDR in the mononuclear
cell fraction. CD34/CD133 double pos-
itive cells were identified at the inter-
section between the CD34 and CD133
gates, and these cells were further as-
sayed for KDR expression (Fig. 1).
CD34+, CD133+ and CD34+CD133+
cell populations were considered gener-
ic circulating progenitor cells (CPCs),
as being positive for stemness antigens.
CD34+KDR+, CDI133+KDR+ and
CD34+CD133+KDR+ cells were con-
sidered EPCs, as being also positive for
the endothelial marker. For all analyses,
1x10° events were collected and scored
using a FACS Calibur analyser (Bekton
Dickinson). Data were processed using
the Macintosh CELLQuest software
program (Becton Dickinson), and cell
count was expressed per one million
cytometric events.

Statistical analysis

Data are presented as mean + standard
error for continuous variables or me-
dian (range) for categorical data. Nor-
mal distribution was checked using the
Kolmogorov-Smirnov test. Compari-
son between two groups was performed
using Student’s r-test for continuous
normally distributed data and Mann-
Whitney test for non-normal variables.
The %? test was used for dichotomous
variables. Bonferroni correction was
applied to control for a-error inflation
due to multiple testing. Linear corre-
lations between continuous variables
were assayed with the Pearson’s coef-
ficient. To identify variables independ-
ently associated with EPC level, we ran
a stepwise multiple linear regression.
SPSS 13.0 was used and statistical sig-
nificance was accepted at p<0.05.

Results

Patients’ characteristics
Characteristics of control and BD sub-
jects are reported in Table 1. BD pa-
tients were relatively young (mean age
36.2+1.7) and sexes were almost equal-
ly distributed (17 men and 13 women).
The analysis of cardiovascular risk
parameters confirm that these subjects
were free from overt alterations in blood
pressure, glucose and lipid metabolism.
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Table I. Characteristics of the study subjects.

Characteristic Control subjects BD patients Sarcoidosis
(n=27) (n=30) (n=7)

Age, years 363 £ 1.0 362 + 1.7 329 +22
Sex, M/F 12/15 17/13 3/4
Smoking habit, n (%) 11 (40.7) 16 (53.3) 2 (29)
Family history for CVD, n (%) 13 (48.1) 12 (40.0) 1 (14)
Body mass index, kg/m? 232 = 0.7 239 +0.5 240 = 1.1
Systolic blood pressure, mmHg 120.2 = 2.1 1233 £ 1.7 1219 £ 2.1
Diastolic blood pressure, mmHg 823 £ 1.2 788 + 1.2 80.8 + 1.1
Plasma glucose, mg/dl 86.2 + 2.3 84.6 + 1.8 86.3 £ 2.0
Total cholesterol, mg/dl 1924 + 7.1 192.1 £ 9.1 190.9 = 11.1
HDL-cholesterol, mg/dl 53.1 £ 2.4 56.7 £ 2.7 542 +4.0
LDL-cholesterol, mg/dl 117.6 + 7.8 1146 +7.3 112.5 + 6.7
Triglycerides, mg/dl 87.1 = 10.5 104.3 = 11.3 102.9 + 18.3
C-reactive protein, mg/l 0.84 = 0.17 3.04 +0.78" 278 + 1.2%

*significantly different as compared to control subjects after a-correction.

Control subjects were fully matched for
age, sex and cardiovascular parameters.
The only significant difference between
the two groups was the higher mean
CRP concentration in BD patients ver-
sus controls, which is consistent with
the chronic inflammatory state that ac-
companies BD. Patients with sarcoido-
sis were also matched with control and
BD patients (Table I).

BD patients had a median disease du-
ration of 6.0 years (interquartile range
3.0-11.8). They were characterized by
a predominant ocular involvement,
since all of them had active (29/30) or
had had previous (30/30) ocular dis-
ease. Sixty percent of BD patients were
positive for HLA-B51. A total of 11
patients were on chronic corticosteroid
therapy (mean dose 0.24 mg/kg), while
10 were on immunesuppressive drugs
(6 were taking both drug classes). Im-
munosuppressive drugs were distrib-
uted as follows: 6 with cyclosporine A,
2 with infliximab, 1 with azathyoprine
and 1 with methotrexate. Disease man-
ifestations and activity were distributed
as reported in Table II.

Progenitor cell levels are

reduced in BD patients

Six phenotypes of progenitor cells
were determined in peripheral blood
of BD patients and healthy matched
controls. Three of these (CPCs) are to
be considered cell populations that in-
clude the progeny of different cell line-
ages, including endothelial. The other 3
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phenotypes (EPCs) are a subsample of
CPC and display signs of endothelial
priming as evidenced by the expres-
sion of the endothelial antigen KDR.
We show a strong significant reduction
of the levels of CD34+KDR+ (37.2+5.5
versus 71.5+x10.4; p=0.004) and
CD34+CD133+KDR+ (2.7+0.8 versus
8.7x1.4; p<0.001) EPCs phenotypes in
BD patients as compared to control sub-
jects. A trend for reduction of CD133+,
CD34+CD133+ and CD133+KDR+
cells was also present, but was not sta-
tistically significant (Fig. 2). These re-
sults allowed us to concentrate only on

Table II. BD manifestations. Scores are
presented as median (range).

Criteria Score
Lifetime extraocular
manifestations (0-5)
Oral aphthosis 2 (0-4)
Genital aphthosis 0 (0-3)
Skin lesions 1 (0-4)
Joint pain 1 (0-4)
Vascular lesions 0 (0-3)
Urological symptoms 0 (0-2)
Central nervous system 0 (0-3)
Ssymptoms
Gastroenteral lesions 0 (0-4)
Astenia / cephalgia / fever 1 (0-2)
Total 7.5 (3-18)
Current extraocular 1 (0-4)
manifestations (0-5)
Lifetime ocular 3 (0-5)
manifestations (0-5)
Current ocular 0 (0-3)

manifestations (0-5)
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Fig. 2. Circulating progenitor cells (CPC, CD34+, CD133+, CD34+CD133+) and endothelial pro-
genitor cells (EPCs, CD34+KDR+, CD133+KDR+ and CD34+CD133+KDR+) in control subjects and
BD patients. * p<0.05 BD versus controls.

EPC phenotypes in subsequent analy-
ses. Patients with sarcoidosis showed
slight and not significant reduction in
EPC phenotypes (Fig. 2).

EPC levels correlate with

BD duration and activity

In BD patients, we found no significant
correlation between EPC levels and
cardiovascular risk parameters, such as
plasma glucose, lipids, blood pressure,
and smoking. Concerning BD charac-
teristics, we found a significant negative
correlation between all the 3 EPC pheno-
types and BD duration (CD34+KDR+:
r=-0.54; p<0.001; CD133+KDR+: r=-
0.42; p=0.01; CD34+CD133+KDR+:
r=-0.37; p=0.03), which remained
significant after adjustment for age
(»=0.005; 0.04; 0.04 respectively).
There was also a significant positive
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correlation between CD34+KDR+
EPCs and lifetime extraocular (r=0.38;
p=0.03) and global BD activity score
(r=0.34; p=0.05), but this was not true
for the other 2 EPC phenotypes. There
were no correlations between progeni-
tor cell levels and ocular activity scores
or activity scores at time of the study.
Moreover, we found no significant dif-
ferences in cell counts according to BD
activity and type of organ damage (e.g.
venous versus arterial involvement). The
levels of CD34+KDR+ EPCs were also
directly correlated with C-reactive pro-
tein concentrations (r=0.51; p<0.001).
Finally, carriers of the HLA-B51 sus-
ceptibility locus had significantly higher
CD34+KDR+ EPCs (46.3+7.2 in B51-
positives versus 20.3+6.3 in B51-nega-
tives; p=0.016). There were no associa-
tions between any of the progenitor cell
phenotypes and treatment regimens.
Given the amount of significant asso-
ciations found with CD34+KDR+ cells
(Fig. 3), which is consistent with the no-
tion that this is the best EPC phenotype
(18), we then focused on this specific
cell population for further analyses.

Disease duration is an independent
determinant of EPC level in BD

To identify variables independently
associated with CD34+KDR+ cell
count, we used a multiple regression
analysis. The stepwise approach was
chosen because of the high number of
explanatory variables to be entered in
the model. We found that EPC levels
were associated with disease duration
independently of other factors, such as
activity score, HLA-B51 and therapy
(Table IIT).

Discussion

In this study, we demonstrate for the
first time that patients with BD have
a reduced level of circulating EPCs in
comparison with fully matched control
subjects. In light of the prominent role
of EPCs in vascular biology, these new
findings may provide a novel perspec-
tive on the mechanisms initiating or
promoting vascular damage in BD, and
in systemic vasculitis in general. Being
that no significant reduction of EPCs
were found in patients with active sar-
coidosis, we suggest that this might be
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Table III. Results of a stepwise multivariable linear regression analysis. Dependent vari-
able was CD34+KDR+ cell count. The stepwise approach reveals that disease duration was
the only covariable independently associated with EPC level.

Standardized b coefficient p-value
Variables in the model
Disease duration -0.539 0.003
Excluded variables
Age -0.030 0.878
Sex 0.043 0.827
Systolic blood pressure 0.105 0.594
Diastolic blood pressure -0.088 0.657
Body mass index 0.369 0.063
Plasma glucose 0.175 0.373
Total cholesterol 0.096 0.628
HDL cholesterol -0.286 0.141
Triglycerides 0.085 0.669
C-reactive protein 0.085 0.669
Smoking habit -0.244 0.211
Family history 0.019 0.925
HLA-BS51 positive 0.221 0.258
Corticosteroid therapy -0.079 0.691
Immunesuppression -0.154 0.435
Lifetime global activity score 0.245 0.208

a more specific feature of vascular in-
flammation.

Systemic vasculitides are character-
ized by inflammatory infiltrates inside
the vessel wall, leading to a variety of
clinical manifestations depending upon
site, diameter, and type (arterial versus
venous) of the involved blood vessels
(19). BD typically targets both small
and large arteries as well as veins. In
addition to systemic non-specific symp-
toms (such as fever, myalgia and joint
pain), progression of vascular disease
can lead to arterial obstruction, aneuris-
matic remodeling, and venous throm-
bosis as well. Such an inflammatory
state might derive from an autoimmune
reaction against still undefined autoan-
tigens in the vessel wall. Unmasking
of self antigens that are normally not
exposed to the immune system, and/or
appearance of autoreactive T cells may
open the way to vascular inflammation.
While micro-organism infection and
molecular mimicking may be the first
trigger, this hypothesis has not been
definitely confirmed (1).

Experimental and human studies have
repeatedly shown that reduction/dys-
function of EPCs is associated with
endothelial dysfunction, endothelial
damage and a reduced ability to repair
the vessel wall after injury (3, 9, 11).
Therefore, we suggest that defects in
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EPCs may play a double role in the ear-
ly and late phases of the natural history
of BD vasculitis. First, a primary EPC
defect may favor endothelial damage,
subendothelial exposition, subtle in-
flammation and eventual unmasking
of self-antigens. This would represent
a trigger for autoimmune reactions in
predisposed individuals. Second, in the
later phases of vascular damage, a low
level of EPCs would hamper endotheli-
al repair and reconstitution of a healthy
intimal layer, thus amplifying damage
progression. This model is also sup-
ported by the observation of reduced
EPC levels in patients with ANCA-as-
sociated vasculitis (20, 21). Previous
studies of endothelial biology in vascu-
litis led to the demonstration of higher
levels of circulating endothelial cells
(CECs) in these patients (22, 23). Con-
trary to EPCs, CECs are mature cells
shed off the vessel wall after injury (24,
25). Therefore, while EPCs represent
the endogenous endothelial regenera-
tive potential, CECs are indicators of
endothelial damage.

In addition to the reduced EPCs in
BD than in control subjects, the most
consistent result of the present study
in that EPC decline is strongly related
to BD duration. Similar results have
been reported for many other clinical
conditions, such as diabetes and lung
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disease (26, 27). Aging is one of the
major determinant of EPC levels (17,
28), but here we show that the nega-
tive correlation between BD duration
and EPC count was independent of age
and other covariates. This finding may
be interpreted as a sort of exhaustion of
the EPC pool due to disease chronicity.
Indeed, conditions in which the vas-
culature is stressed, such as burns, tis-
sue ischemia and vascular trauma, are
known to induce a potent mobilization
of EPC from the bone marrow into the
peripheral circulation, with the aim of
re-establishing vascular integrity (heal-
ing) and blood supply (angiogenesis)
(5, 6, 8). Actually, we show that some
patients with a more active disease had
higher EPC levels, suggesting that EPC
mobilization might occur during bursts
of vascular inflammation. This is also
indicated by the observation that pa-
tients with inflammatory recrudescence
(higher CRP) showed higher EPC lev-
els, and is in compliance with previous
studies on the effects of acute inflam-
mation on EPCs (29). While acute in-
flammation increases EPCs, over the
long term, a chronic inflammatory state
might be accompanied by a progressive
EPC reduction, as demonstrated by pre-
vious clinical and experimental studies
(30, 31). Similar results were found in
other clinical conditions characterized
by phases of acuteness and progression
towards chronic states. For example,
while unstable angina pectoris is char-
acterized by increased EPC levels (5),
chronic ischemic heart disease evolves
with progressively reduced EPCs (32).
That disease chronicity is the major
negative modulator of EPC level is
confirmed by the multivariable analy-
sis showing BD duration as the only
independent variable associated with
EPC count. However, an alternative
hypothesis is that decreased EPCs in
long-lasting disease may reflect a low-
er level of bone marrow stimulation
due to a decrease in vascular damage
and ischemia, or as a result of effective
treatment.

One unexpected finding is the higher
mean EPC level in carriers versus non-
carriers of the HLA-B51 susceptibility
haplotype. While there are some data
in support of a genetic determination

of EPC levels (33), this observation
has not a clear explanation and de-
serves further investigation. However,
this association may be due to chance
or confounded by immunosuppres-
sive regimens: indeed the results of the
multiple regression indicates that the
association of EPCs with disease dura-
tion is stronger than those with activity
scores, CRP, and HLA.

Keeping in mind that EPCs are also
mediators of neoangiogenesis, the pro-
gressive reduction of EPC level over
time may have other implications in the
light of the role played by angiogenesis
in vasculitides (34). For instance, ocu-
lar angiogenesis, which has been ex-
perimentally shown to involve EPCs,
usually takes place only in the early
stages of BD, when EPCs levels are
higher, than in the later stages. Thus,
inflammatory bursts in early productive
BD may favor angiogenesis through
the mobilization of EPCs, conditioning
disease progression and evolution. On
the contrary, low EPC levels in long-
lasting BD would significantly hamper
compensatory angiogenesis in the case
arterial occlusion leading to ischemic
syndromes. Finally, the biphasic EPC
regulation in early and late BD may re-
flect alternatively protection or suscep-
tibility to atherosclerosis, which is not
a prominent feature of BD (35).

We were not able to demonstrate a cor-
relation between EPCs and ocular dis-
ease activity. However, this should not
be interpreted as an evidence against a
role for EPC in ocular BD manifesta-
tions, because most of the patients in-
cluded in this study had a predominant
ocular BD.

Limitations

Although this study establishes a strong
association between BD and reduced
EPCs, its cross-sectional nature does
not allow conclusions on the cause-ef-
fect relationships between EPCs and
BD development or progression. In
addition, most BD patients included
in this study were on treatment or had
received immunosuppression with dif-
ferent regimens. Since some immuno-
suppressive drugs are known to affect
EPC biology (36-38). this may repre-
sent a confounder in the relationship
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between EPC levels and disease activ-
ity. We previously showed that fertile
women have higher levels of circu-
lating CD34+KDR+ EPCs than age-
matched men, and that gender is one
major determinant of EPCs in healthy
subjects (39). While the presence of
fertile women in the present study may
confound results, it is noteworthy that
gender is no more an independent pre-
dictor of EPC levels. This may suggest
that the presence of BD eliminates the
advantage conferred by the female sex
on vascular health. Finally, due to the
predominance of ocular involvement,
BD patient population included in this
study might not really represent the full
disease spectrum.

We acknowledge the methodological
uncertainties inherent to the quanti-
fication of circulating EPCs (18, 40).
Here, we used a widely standardized
flow cytometry method, which al-
lowed the antigenic definition of EPCs
by staining for three different surface
markers. It is noteworthy that, among
the three putative EPC phenotypes,
the CD34+KDR+ provided the highest
number of significant correlations with
clinical variables. This is consistent
with an extensive review of the litera-
ture, yielding that this phenotype is the
best compromise in terms of measure
validity and biological meaning, when
EPCs are meant as disease biomark-
ers (18). The less significant results
obtained with the other two EPC phe-
notypes partly depend on the higher
variability of their measure. Finally,
isolation and culture of EPCs from BD
patients would strengthen our results,
but there is considerable uncertainties
regarding the biological significance of
in-vitro expanded EPCs (40).

Conclusions

Patients with BD have a lower level of
circulating EPCs than matched controls.
Although some patients with more ac-
tive disease may have a transient EPC
mobilization, disease chronicity leads
to a progressive EPC depletion over the
long term. Speculatively, reduced EPCs,
through a deranged vascular homeosta-
sis, may be both a trigger of the autore-
active immune response, and an ampli-
fication factor of tissue damage.
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