
ORIGINAL ARTICLE

Procoagulant microparticles are increased in patients
with Behçet’s disease but do not define a specific subset
of clinical manifestations
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Abstract Microparticles (MP) are considered a key compo-
nent in the haemostatic response. Beyond their in vitro
procoagulant properties, a number of pieces of evidence
points to procoagulant MP as efficient effectors in the
haemostatic response and as pathogenic markers of thrombot-
ic disorders and vascular damage. The aim of the present study
was to analyze the procoagulant activity of MP and its corre-
lation with clinical manifestations focusing on vascular in-
volvement in patients with Behçet’s disease (BD). We ana-
lyzed 55 BD patients in inactive phase of the disease (26
men; mean age, 35±15 years) of which 19 had previously
suffered from thrombosis (deep venous thrombosis in 17 and
ischemic stroke in 2), and 73 healthy controls matched for age
and sex. Procoagulant MP were assessed by a functional as-
say. BD patients showed higher procoagulant MP values than
controls (22.89± 15.74 nM versus 14.47 ±7.34 nM;
p<0.0001). Conversely, we did not find differences in
the levels of procoagulant MP according to the gender
of patients (22.22±16.23 nM for men versus 21.46±
16.47 for women; p=0.846) or to previous and current

treatments. Moreover, the plasmatic concentration of MP
does not define any clinical phenotype and it was not
related to the time of evolution of the disease. Although
inactive BD patients had high values of procoagulant
MP, they did not differentiate between BD patients with
or without thrombosis.
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Introduction

In the last 2012 revised international consensus conference
nomenclature of vasculitides, Behçet’s disease (BD) has been
classified as a variable vessel vasculitis involving both venous
and arterial vessels [1]. In fact, venous thrombosis in BD is
common with a general prevalence ranging from 14 to 39 %
[2].

The etiopathogenesis of BD is not fully understood, but
there are evidences that genetic and immunological abnormal-
ities play a role in this condition [3, 4]. In fact, the increased
risk to develop BD associated to HLA B51/B5 and the pertur-
bations of Tcell homeostasis including the promotion of Th17
responses and the suppression of regulatory T cells have been
reported recently [5]. On the other hand, activation of the
haemostatic system with increase of procoagulant markers of
thrombosis and defective fibrinolysis has also been described
[6]. Finally, infections as triggering factor may also play a role
in the development of the disease in the genetically
predisposed patients [7].
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Microparticles (MP) are vesicles with size ranging from 0.1
to 1 μm that are shed from the surface of activated cells such as
platelets, endothelial cells, and leukocytes [8]. Recently, it has
been postulated that MP have proinflammatory and
prothrombotic functions thatmay affect the course of thrombotic
and cardiovascular diseases [9] as well as autoimmune and rheu-
matic conditions [10]. In fact, increased levels of procoagulant
MP have been described in the majority of them and, in the case
of systemic lupus erythematosus (SLE) or rheumatoid arthritis,
they have been implicated in their pathogenesis [11, 12].

The objective of this study was to analyze the levels
of circulating procoagulant MP in a cohort of patients
with BD and their relationship with clinical manifesta-
tions (mainly to thrombosis), therapy, and time of evolu-
tion of the disease.

Patients and methods

Patients

We studied 55 patients with BD (26 men and 29 women). The
mean (SD) age at onset of the disease was 27 (12)years (range,
10 to 58). The mean age at diagnosis was 31 (13)years (range,
16 to 62), and the mean age at study inclusion was 35 (15)
years (range, 16 to 67). Median follow-up was 36 months
(range, 1 to 276).

Patients were recruited in the outpatient clinics of the De-
partment of Autoimmune Diseases, Hospital Clinic, Barcelo-
na, and of the Department of Internal Medicine, Hospital de
Bellvitge, l’Hospitalet de Llobregat, Barcelona, two tertiary
university hospitals. All patients fulfilled three or more of
the International Study Group criteria for the diagnosis of
BD [13]. Of note, at the study time, all BD patients were in
inactive phase in accordance to Behçet’s Syndrome Activity
Score (BSAS) [14]. After informed consent, demographic and
clinical data, with particular attention to prior development of
thrombosis (arterial or venous), were collected. A total of 19
patients had previously presented episodes of thrombosis
(deep venous thrombosis in 17 and ischemic stroke in 2).
Thrombotic episodes were assessed by objective methods.
Diagnosis of deep venous thrombosis was confirmed by
Doppler ultrasonographic scans or by venography. Cerebro-
vascular ischemic episodes were confirmed by computed to-
mography scanning or by magnetic resonance imaging tech-
niques. Some of patients of the present series have been in-
cluded in previous studies [6, 15, 16]. The main cumulative
clinical characteristics and previous and current treatments of
these patients are described in Table 1.

A sex- and age-matched control group of 73 volunteer healthy
subjects (35 men and 38 women; mean age, 34 (14)years, with-
out previous history of thrombotic events, was also recruited.

Blood collection and plasma preparation

Venous blood samples were drawn from a clean
antecubital venopuncture without venocclusion in the
morning with the patient sitting and resting. Samples
for coagulation and fibrinolysis studies were obtained

Table 1 Cumulative clinical manifestations and previous and current
treatments of patients with Behçet’s disease

N Percent

Cumulative clinical manifestations

Mouth ulcers 55 (100)

Genital ulcers 43 (78)

Cutaneous involvement 40 (73)

Erythema nodosum 23 (42)

Pseudofolliculitis 29 (53)

Eye involvement 30 (55)

Anterior uveitis 24 (44)

Posterior uveitis 17 (31)

Panuveitis 13 (24)

Retinal vasculitis 7 (13)

Fever 21 (39)

Thrombotic events 19 (35)

Deep venous thrombosis 17 (31)

Ischemic stroke 2 (4)

Neurologic manifestations 6 (11)

Central nervous system involvement 6 (11)

Peripheral nervous system involvement 1 (2)

Arterial involvementa 1 (2)

Gastrointestinal involvement 1 (2)

Previous treatments

Colchicine 42 (76)

Prednisone 45 (82)

Any immunosupressant 36 (66)

Cyclosporine 15 (27)

Azathioprine 13 (24)

Cyclophosphamide 12 (22)

Methotrexate 10 (18)

Prednisone and/or immunosupressant 46 (84)

Current treatments

Colchicine 30 (55)

Prednisoneb 20 (36)

Any immunosupressant 21 (38)

Methotrexate 9 (16)

Azathioprine 8 (15)

Cyclosporine 7 (13)

Cyclophosphamide 2 (4)

Prednisone and/or immunosupressant 36 (66)

a Arterial aneurysm
bMean dose of 5 mg/day
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in tubes containing 3.8 % trisodium citrate (1:9, v:v)
(Becton Dickinson, Rutherford, NJ, USA), and platelet-
free plasma was immediately obtained by double centri-
fugation: first at 2000g for 10 min at 22 °C and then at
5000g for 10 min at 4 °C. Plasma was aliquoted, snap
frozen in a mixture of dry ice:ethanol (1:2, v:v), and
stored.

Measurement of procoagulant microparticles

Procoagulant MP were assessed by a functional assay in
which MP were captured through annexin V, and then,
thrombin was formed by the addition of activated factor
X, activated factor V, and prothrombin (ZYMUPHEN
MP-Activity, Hyphen BioMed, Neuville, France).
Procoagulant MP are expressed as nM phosphatidylserine
equivalent.

Statistical analysis

Results are shown as mean±standard deviation (SD). Com-
parisons were performed by χ2 test or analysis of variance
(ANOVA). Data were analyzed with the Statistical Package
for Social Sciences (SPSS) version 20.0.

Results

Plasmatic levels of procoagulant MP were increased in pa-
tients with BD compared to healthy controls (22.89±
15.74 nM versus 14.47±7.34 nM; p<0.0001). There were
no differences in the levels of procoagulant MP according to
the gender of patients (22.22±16.23 nM for men versus 21.46
±16.47 for women; p=0.846). Notably, we did not find dif-
ferences according to the clinical manifestations of BD pa-
tients, including those patients with and without venous or
arterial thrombosis (Table 2). In patients with posterior uveitis
and central nervous system involvement, the level of MP was
lower than those without this type of severe involvement but
without statistical significance (for posterior uveitis, 15.64±
11.69 nM versus 24.58±17.29 nM; p=0.058, and for central
nervous system involvement, 13.09±11.39 nM versus 22.88±
16.47 nM; p=0.098).

We also investigated the possible role of treatment in the
level of procoagulant MP. Neither previous nor current treat-
ments at themoment of the study were related with differences
in the level of MP (Table 2). These results were similar when
we analyzed each immunosuppressive treatment separately
(data not shown).

Given the data that BD disease activity diminishes with the
time evolution [17], we investigated the relationship between
the time of evolution of the disease and the mean

Table 2 Procoagulant
microparticles in patients with
Behçet’s disease according to the
past clinical manifestations and
treatments

Results expressed as mean SD.
Numbers between parentheses
represent the number of patients
with the condition
a Cen t r a l n e r vou s s y s t em
involvement

Present Not present p

Clinical manifestations

Genital ulcers (n=21) 23.52±16.59 23.09±15.95 0.111

Cutaneous involvement (n=40) 22.03±15.59 21.24±18.31 0.883

Erythema nodosum (n=23) 23.48±16.66 20.63±16.04 0.528

Pseudofolliculitis (n=29) 24.20±16.90 19.16±15.28 0.250

Ocular involvement (n=30) 21.01±14.36 22.79±18.45 0.697

Anterior uveitis (n=24) 21.34±14.35 22.19±17.74 0.845

Posterior uveitis (n=17) 15.64±11.69 24.58±17.29 0.058

Panuveitis (n=13) 17.38±12.84 23.19±17.02 0.201

Retinal vasculitis (n=7) 15.89±10.15 22.68±16.81 0.162

Fever (n=21) 19.75±16.80 23.09±15.95 0.469

Thrombotic events (n=19) 22.14±16.33 21.65±16.38 0.916

Deep venous thrombosis (n=17) 20.95±16.56 22.20±16.26 0.796

Ischemic stroke (n=2) 32.24±13.49 21.42±16.28 0.454

Arthritis (n=14) 22.99±12.65 21.42±17.38 0.718

Neurologic manifestations (n=6)a 13.09±11.39 22.88±16.47 0.098

Previous treatments

Prednisone and/or immunosupressant (n=46) 22.53±16.37 18.14±15.77 0.462

Any immunosupressant (n=36) 19.77±15.53 25.70±17.17 0.217

Current treatments

Prednisone and/or immunosupressant (n=36) 22.23±15.49 21.05±17.90 0.810

Any immunosupressant (n=21) 20.51±14.44 22.63±17.37 0.627
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concentration of MP. We divided the whole series into two
groups according to the time from the onset of disease to the
time of study: those patients with less than 5 years of evolution
and those with more than 5 years of evolution. The level of
procoagulant MP was similar between the two groups (20.63
±17.00 nM versus 25.64±13.19 nM; p=0.277). Furthermore,
the percentages of patients who received the combination of
prednisone and/or immunosuppressive treatment during the
evolution or at the moment of the study were similar between
the two groups.

Discussion

In the present study, we have confirmed that patients with
inactive BD have increased levels of circulating MP. This
increase is not related to the gender of patients or to previous
or current treatments. Moreover, the levels of procoagulant
MP do not define any clinical phenotype and are not related
to the time of evolution of the disease.

Circulating levels of MP may reflect the balance between
cell stimulation, proliferation, and death. There are some con-
ditions associated with increased levels of MP, mainly throm-
boembolic and cardiovascular diseases [18]. In fact, some
authors have proposed the MP levels as a predictive factor
for recurrence thrombosis [19]. Malignancies; normal preg-
nancy; obesity; hematologic disorders such as aplastic anemia
or hemophilia; infectious diseases such as sepsis, malaria,
hepatitis C infection, and kidney and liver transplantation;
and other conditions such as Alzheimer’s disease, acute respi-
ratory distress syndrome, and schizophrenia are some of the
physiological states or diseases in those MP that have been
reported to be elevated [9].

In the field of autoimmune diseases, increased levels of
circulating MP have been described in patients with SLE
[20], Sjögren’s syndrome and rheumatoid arthritis [21],
antiphospholipid syndrome [22], systemic sclerosis [23], in-
flammatory myopathies [24], and vasculitis [25, 26]. Pisetsky
et al. [27] have recently reviewed the different functions of
circulating MP in these conditions, including modulation of
inflammation, endothelial cell activation, and immune com-
plex formation.

In BD, only one previous study has evaluated the level of
MP [28]. These authors found significantly increased levels of
CD62P+ platelet MP in active and inactive male and female
BD patients compared with healthy controls. In addition, per-
centages of CD62P+ MP were lower in the >50-year age
group of BD patients suggesting that activity of the disease
is decreasing with age. One limitation of this study is that the
authors did not consider the effect of prednisone and immu-
nosuppressive treatment on the levels of circulatingMP. In our
study, MP were also increased in inactive BD patients com-
pared with healthy controls. However, we did not find

differences according to the time evolution of the disease.
Regarding the role of current or previous treatment in the level
of circulating MP, the small number of patients included in
this study made it impossible to draw definitive conclusions
considering prednisone, any immunosuppressant, or each one
of them separately. Notably, MP in BD patients have not been
related with any clinical manifestation, including thrombotic
history.

In previous studies, our group has demonstrated increased
levels of markers of endothelial damage, such as von
Willebrand factor and thrombomodulin, in inactive BD pa-
tients [6] and an increased thrombin generation in BD patients
with a history of thrombosis [29]. These data, together with
those of the present study, may suggest the existence of per-
sistent endothelial dysfunction and an inflammatory process
in BD patients, even when they are inactive, and that theymay
be present for very long time regardless of the immunosup-
pressive therapy. The prothrombotic nature of circulating MP
may also explain the development of thrombotic complica-
tions during the course of BD.

The most prominent shortcomings of the present study are
its sample size and the fact that there was no control data of
BD patients in active phase of the disease. The role of circu-
lating MP as biomarker of activity of BD and their role in the
pathogenesis of BD or if they are only an epiphenomenon
related to endothelial dysfunction are fields that need to be
clarified in the near future.

Disclosure None
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