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Biomarkers in Behçet’s disease: diagnosis and  
disease activity

Behçet’s disease (BD) is a multisystem inflam­
matory disorder, currently classif ied as a 
vasculitis. Its etiopathogenesis is unclear, but 
environmental, genetic and autoimmune factors 
have been considered. 

The disease is most frequent in popula­
tion groups along the ‘Old Silk Road’, how­
ever, it seems to have a worldwide distribution 
with different clinical features, severity and 
male:female ratios in different geographical 
regions. Caucasians are affected less frequently 
and often have mild disease, with the most severe 
cases occuring in the Middle East. Blacks are 
rarely affected. BD is well known in the Far East, 
and it is one of the leading causes of blindness 
in Japan.

The multiple manifestations, their unpre­
dictable occurence in the course of the disease 
and its syndromatic character make BD disease 
difficult to diagnose, evaluate and treat. This 
is especially true in light of the lack of sero­
markers specific for this disorder or predictive 
of its severity and course.

Over the past decades, there have been 
ongoing efforts to elucidate the etiology of 
BD. Many studies have investigated genetic 
aspects and immunologic features of the dis­
order in states of active disease or remission, in 
comparison with healthy individuals or other, 
often autoimmune-mediated, diseases. A large 
number of proteins have been implicated as 
possible auto-antigens and studies of cytokine 
profiles have yielded conflicting results. Many 

of these – mostly cross-sectional – studies have 
provided some valuable information and shed 
light on the complexity and intricacy of this 
disorder. However, there certainly is a need for 
more prospective, controlled and longitudinal 
studies, not an easy endeavor considering the 
rarity and heterogeneity of BD.

It is the aim of this review to give an overview 
of some of the biomarkers that have been inves­
tigated in BD so far and to try to evaluate their 
usefulness in the diagnosis, differential diagnosis 
and estimation of disease activity of BD, as well 
as in certain clinical situations. 

We hope to stimulate further research and 
provide clinical investigators and basic research­
ers alike with a concise database of biomarkers 
that have already been studied to some extent in 
association with BD (Table 1). 

General considerations regarding 
biomarkers in BD

“Not all that counts is countable, and not all 
that’s countable counts” 

– Albert Einstein.

A biomarker is defined as ‘a characteristic that 
can be objectively measured and evaluated as an 
indicator of normal biological process, patho­
genic processes or pharmacologic responses to 
therapeutic intervention’ by the NIH Biomarkers 
Definitions Working Group  [1]. This defini­
tion implies the possible use of characteristics 
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not necessarily related to laboratory investi­
gation, such as the number of oral ulcers in a 
BD patient, as a predictor of disease outcome 
or specific clinical events. However, most bio­
markers are searched for in body fluids, most 
often in peripheral blood. This constitutes one 
of the main problems in identifying biomarkers 
since many of these potential ‘seromarkers’ are 
proteins of varying size, making the detection 
of rare and small molecules in proteomic scans 
difficult. By contrast, improved laboratory tech­
niques create large numbers of false positives [2]. 
Also, it might be argued that biomarkers in BD 
should be looked for (or better looked for) at sites 
of actual disease involvement, including oral or 
genital ulcers as well as skin and so on. 

Quality & validity of studies on 
biomarkers in BD
To date, the overwhelming majority of putative 
biomarkers in BD have been evaluated in cross-
sectional studies. This very much limits the 
validity and usefulness of their results. In a het­
erogeneous disorder with an unpredictable clini­
cal course, these one-point-in-time observations 
often yield conflicting results. Many investiga­
tors define patient groups as either being ‘active’ 
or ‘in remission’, and propose one or several 
potential biomarkers, which are measured at a 
certain point of time, and – if statistical signifi­
cance between the two groups is observed – pub­
lish those results. Often, another control group 
of age- and sex-matched healthy individuals is 
included and sometimes uses patients with other 
autoimmune diseases. 

There are a number of drawbacks and limita­
tions to this approach: first, the lack of a long­
itudinal, prospective study design. Observations 
in BD need to be made over time, and markers 
need to be measured in the same individuals over 
that period of time against a well-defined control 
group. Patients in one group may be in differ­
ent stages of their disease evolution than others. 
This can create numerous problems consider­
ing the pleiotrophic biological effects of many 
markers, such as some cytokines, which may 
vary over time. IL-10, for instance, acts as an 
anti-inflammatory cytokine through its inhibit­
ory effect on antigen-presenting cells early in the 
immune-response, however, it enhances cyto­
toxic T cells later on. TNF-a and VGEF are 
other, similar examples.

Second, a disorder with a syndrome-like 
character, such as BD, is best broken down into 
its various clinical subentities, such as uvei­
tis, arthritis, oral ulcers and so on, for which 

a possible biomarker should then be sought. 
Individuals in the same group of active patients 
may have very different disease manifestations, 
up to extremes such as isolated uveitis in some 
and and pustular rash in others. Even definitions 
such as ocular involvement or mucocutaneous 
lesions may be too general. Neither anterior uvei­
tis, retinal vasculitis nor pyoderma gangrenosum 
and oral ulcers are interchangeable clinical and 
pathological entities, to give only a few examples. 

Problems with defining disease activity are 
one of the major current obstacles in the com­
parability of study results and will be discussed 
later in this article. 

Last but not least, statistical significance 
does not mean clinical relevance. Only mark­
ers with high predictive values, accessiblility 
and cost–effectiveness will find their way into 
everyday clinical practice.

What are biomarkers in BD good for then? 
As in many other diseases, biomarkers in BD 
might help researchers to get a better grasp of 
pathophysiological mechanisms. They might be 
of use in making a correct diagnosis of BD in 
uncertain cases or may indicate disease activity 
and/or severity. They may assist in defining a 
certain subset of patients, and – more import­
antly – predict specific clinical events, such as 
the development of retinal vasculitis or deep 
venous thrombosis.

Defining response to therapy is another, very 
important and intensely sought aspect of the 
possible future utility of biomarkers in BD. 

Diagnosis, differential diagnosis & 
biomarkers in BD
There is no single serologic test for the diagnosis 
of BD. Repeated studies evaluating the preva­
lence of standard rheumatologic laboratory tests, 
such as antinuclear antibody, antineutrophil 
cytoplasmic antibody (ANCA), and so on have 
failed to show an increased prevalence of those 
markers in BD. 

To date, BD remains a clinical diagnosis, 
based on its disease manifestations, most of 
which have a long list of possible differential 
diagnoses. Perhaps the most specific finding 
is pathergy, although it also is a feature of the 
other neutrophilic dermatoses, such as Sweet’s 
syndrome and pyoderma gangrenosum, and has 
recently been reported to be positive in 18% 
of patients with recurrent aphthous stomatitis 
(RAS) [3,4]. 

The International Study Group for Behçet’s 
disease has established diagnostic criteria for BD, 
in which recurrent oral ulcers are a mandatory 
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finding, along with two of four of the following: 
recurrent genital ulcers, eye involvement, skin 
lesions and pathergy [5]. 

Those diagnostic criteria may serve as a first 
example of the use of biological markers in BD, 
since some of them fit the above mentioned 
definition of a biological marker (i.e., oral and 
genital ulcers or pathergy). Despite their easy 
accessibility and low cost of evaluation, power­
ful studies of their predictive values are scarce. 
Some of them, such as pathergy, are of limited 
use in certain ethnic groups, owing to the low 
incidence of positive findings [6]. 

The mere existence of diagnostic criteria for 
BD is an indicator of the fact that diagnostic dif­
ficulty and uncertainty are frequently encoun­
tered when evaluating patients for this disorder. 
This is particularly true when disease manifes­
tations develop at different points in time, or 
when constellations of signs and symptoms ful­
fill the criteria for the diagnosis of BD, although, 
in fact, the patient has a different disease. For 
example, an inflammatory bowel disease (IBD)-
patient may have recurrent oral ulcers, erythema 
nodosum and uveitis and therefore be easily mis­
diagnosed as a BD patient with gastrointestinal  
(GI) involvement. 

The following discusses some clinical situation 
in which biomarkers could be of use. 

�� Patient with recurrent oral ulcers, 
but insufficient diagnostic criteria for 
BD: BD versus RAS
Those individuals need to be evaluated for 
spondyloarthropathy, reactive arthritis, systemic 
lupus erythematosus (SLE), celiac disease, IBD 
and so on. After exclusion of these disorders, the 
main differential diagnosis to BD remains RAS. 

The TH1-associated cytokines IL-12, IFN-g, 
TNF-a, as well as the TH2-cytokine IL-4, have 
all been found in elevated amounts in oral ulcers 
of patients with BD [7]. They were also elevated 
in RAS, with the exception of IL-4, which was 
found exclusively in the ulcers of BD patients 
compared with those in RAS in one study by 
Dalghous et al. [7]. However, Ben Ahmed et al. 
did not find IL-4 in mucocutaneous lesions of 
patients with BD [8]. IgG-anti-Saccharomyces 
cerevisiae antibodies (ASCA) were significantly 
increased in BD versus RAS in a study by 
Krause et al., although this was not found for 
IgA-ASCA  [9]. A later study did not find any 
significant differences for ASCA or perinuclear 
antineutrophil cytoplasmatic auto-antibody 
levels in patients with BD and GI symptoms, 
compared with RAS patients [10]. 

Ozkan et al. reported significantly increased 
levels of homocysteine in the serum of BD 
patients versus those with RAS [11].

�� Patient with acute uveitis 
Uveitis may be the initial presenting sign of 
BD and a large number of other autoimmune 
or infectious disorders. Ahn et al. studied the 
cytokine environment in aqueous humor and 
peripheral blood of patients with BD uveitis and 
those with other causes of uveitis, as well as in 
healthy controls. An extreme TH1 polariza­
tion in the aqueous humor of BD patients was 
characteristic of BD, and IL-15 was exclusively 
found in the aqueous humor of uveitis patients 
who had BD [12]. Yu et al. found predominance 
of CD8+CD56+ natural killer T  cells in the 
aqueous humor and serum of uveitis patients 
with BD compared with those with uveitis 
owing to other causes, including idiopathic 
and Voght–Koyani–Harada syndrome-asso­
ciated uveitis in which CD4+ cells were pre­
dominant [13]. Mahesh et al. evaluated periph­
eral blood mononuclear cells (PBMCs) from 
BD patients with posterior uveitis, patients with 
other forms of noninfectious uveitis and healthy 
controls for their antigen-specific lympho­
proliferative responses to a-tropomysin and 
anti-a-tropomysin antibodies. Only PBMCs 
from patients with BD-associated uveitis showed 
increased proliferative responses and antibodies 
to a-tropomysin [14]. 

�� Patient with arthritis
These patients pose a special diagnostic chal­
lenge, especially when arthritis occurs in con­
junction with oral ulcers and/or ocular disease, a 
constellation shared with diseases such as reactive 
arthritis and spondyloarthropathy (SpA). 

Similar to BD, neither the spondylo­
arthropathies nor reactive arthritis have diagnos­
tic serological markers if IBD-related SpA with 
associated ASCA is excluded. 

To the best of our knowledge, no trials have 
been conducted with the ultimate aim of find­
ing markers specific for arthritic involvement 
in BD using a control group of patients with 
reactive arthritis or SpA. However, Pay et al. 
compared IL-18, IL-1b, TNF-a and metallo­
proteinase-3 levels in the synovial fluid of BD 
patients with those of patients with rheumatoid 
arthritis (RA) and osteoarthritis (OA) joint effu­
sions. They found significantly higher levels of 
IL-18, TNF-a and metalloproteinase-3 in RA 
than in BD and OA. Cytokine levels did not 
differ between BD and OA, apart from IL-1b, 
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which was found to be elevated in BD compared 
with OA, but without a significant difference in 
RA. Joint effusions in BD were differed by a low 
overall cytokine content and significantly lower 
levels of metalloproteinases from those in RA [15]. 

�� Patient with  
gastrointestinal complaints
Gastrointestinal symptoms and signs, including 
bloody diarrhea, can be part of the clinical spec­
trum of BD. Diarrhea or other GI complaints 
in the setting of skin lesions, such as erythema 
nodosum, pyoderma gangrenosum, joint symp­
toms, as well as oral ulcers or ocular disease, may 
signify the presentation of IBD, as well as of BD. 

An increasing number of studies have tried to 
examine the prevalence of ASCA in BD. These 
antibodies, usually found in 50–60% of patients 
with Crohn’s disease, were postulated to be a 
new seromarker for BD by Krause et al. (see also 
‘Patient with oral ulcers’ section) [9]. Oshitani 
et al. showed differences in the IgG-subclasses 
of ASCA in GI BD patients versus IBD [16]. 
A study by Fresko et al. demonstrated ASCA 
levels in BD patients to be similar to those in 
healthy controls, ulcerative colitis and ankylos­
ing spondylitis patients. As expected, Crohn’s 
patients had high levels, but, interestingly, there 
was a significant trend for BD patients with GI 
involvement and these patients had elevated 
ASCA levels when compared with BD patients 
without GI involvement [17].

The quality of all future studies investigating 
ASCA in BD will depend on their ability to reli­
ably exclude the possibility of Crohn’s disease in 
BD study group patients, and vice versa.

Imamura et al. found heat shock protein 
(HSP) 60 mRNA expression in the GI lesions of 
BD and Crohns’s disease, however, these were 
absent in patients with ulcerative colitis and in 
normal controls [18]. In the same study, which 
investigated intestinal lesions and peripheral 
blood lymphocytes, no difference was found 
for TH1-specific mRNA expression in BD and 
Crohn’s disease alike; however, ulcerative colitis 
patients did not have TH1-specific mRNAs, 
but they expressed CCR4, a TH2-specif ic 
chemokine receptor.

�� Patient with intracardiac thrombus 
or peripheral arterial thrombosis
Here, a correct and fast diagnosis is essential, since 
it implies different forms of treatment and diag­
nostic error can have detrimental consequences 
for the patient. The main differential diagnosis 
is between BD and antiphospholipid syndrome 

(APS). Homocystinuria is another, very rare pos­
sibility. First diagnostic clues to APS can be a pro­
longed partial thromboplastin time and evidence 
of lupus anticoagulant, anticardiolipin antibodies 
and anti-b2-glycoprotein I antibodies, however, 
these have also been described in BD with vary­
ing prevalence  [19,20,21]. Considerable confusion 
can initially be caused by a SLE patient with 
antiphospholipid antibodies who presents, for 
example, with arthritis and oral ulcers. However, 
a positive antinuclear antibody will soon put an 
end to diagnostic uncertainty in most of these 
cases. A greater challenge is posed for patients 
with arterial thrombosis who do not have any 
additional features of BD at the time of presen­
tation, but have some positive serology for anti­
phospholipid antibodies. If BD is diagnosed for 
these patients, anti-inflammatory treatment is 
needed more than anticoagulation, and there is 
no time for a wait-and-see approach. 

Several studies have investigated the preva­
lence of antiphospholipid antibodies in BD with 
contradicting results. Musabak et al. found a 
higher than normal prevalence in Turkish 
BD patients, especially in those with vascular 
involvement [19]. In a study of 36 Romanian 
BD patients by Tanasenu et al., 55% had anti­
phospholipid antibodies – a prevalence as high 
as in SLE [20], whereas Toky et al. could not 
confirm those observations in a study including 
128 BD patients [21]. Only 7% of his patients 
with BD – no significant difference in com­
parison to healthy controls – were found to be 
positive for anticardiolipin IgG and IgM. 

There is no conclusive explanation for these 
contradictory results, although regional differ­
ences have been proposed [21]. It seems, however, 
that antiphospholipid antibodies do not play a 
significant role in the thrombovascular pathol­
ogy of BD. This assumption can be made from 
the observation of poor treatment outcome of 
BD patients with arterial thrombosis who have 
been treated with anticoagulation instead of 
anti-inflammatory drugs.

The identification of a marker highly predict­
ive of arterial thrombosis would be a great step 
forward towards a better overall risk stratifica­
tion of BD patients, as well as in the manage­
ment of the small subset of patients affected by 
this life-threatening disease manifestation. 

�� Patient with large vessel vasculitis
Large vessel vasculitis in BD may affect the 
pulmonary arteries, the aorta and other major 
peripheral vessels. Often, the clinical picture 
with characteristic aneurysma formation hints 
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to the diagnosis, and is augmented by imaging 
techniques such as angio-computed tomography 
(CT), positron emission tomography–CT or 
angiography. The main differential diagnoses are 
Takayasu’s arteritis and Giant cell arteritis, how­
ever, the combination of aneurysma formation 
in the main pulmonary arteries, together with 
an intracardiac thrombus, is virtually diagnostic 
of the disease. 

There is considerable confusion in the current 
literature regarding the term ‘vascular involve­
ment’. This is not always clearly defined, and 
some authors seem to include manifestations, 
ranging from venous thrombosis over arterial 
thrombembolism to major large vessel vasculi­
tis, under this category. One study by Hamzaoui 
et al. showed an increase in serum levels of solu­
ble CD28 in BD patients and in those with RA, 
compared with normal controls. CD28 levels 
were especially high in patients with active BD 
and in those with BD and vasculitis [22]. 

We are not aware of any studies that have 
evaluated markers in BD in comparison with 
those in Takayasu’s or Giant cell arteritis. 

There is an increasing interest in ANCA-
associated large vessel vasculitis in the recent 
literature [23,24]. Some of the features of the 
few cases described, such as prominent peri­
vasculitis and frequent dissection, are reminis­
cent of BD-associated vasculitis and pose a con­
trast to the stenotic nature of Takayasu’s lesions. 
However, there is currently not sufficient evi­
dence to draw a line between ANCA-positivity 
and vasculitis associated with BD. 

�� Patient with venous thrombosis 
and features suggestive of an 
inflammatory disorder
Venous thrombosis occurs with increased fre­
quency in BD, as well as in other inflammatory 
disorders, and may be the presenting manifesta­
tion in a BD patient. Similar to arterial throm­
bosis, the role of anticoagulation is only of a sup­
plementary nature, and immunosuppression is 
first-line treatment in these patients. 

Rabinovich et al. made the interesting observ­
ation of an increased incidence of the mutated 
MEFV gene in Israeli BD patients  [25]. BD 
patients carrying the gene were significantly more 
likely to have thrombosis than noncarriers. There 
was no significant difference in gender, cutaneous 
lesions, joint disease or disease severity. Uveitis 
in carriers was less frequent than in noncarriers. 

Another study by Aydintug et al. showed 
an increased incidence of thrombosis in BD 
patients who tested positive for anti-endothelial 

cell antibodies in comparison with those who 
did not [26]. There was no correlation with other 
clinical features, and anticardiolipin antibodies 
were negative in this series. 

Yardukul et al. showed significantly lower tis­
sue-type plasminogen activator levels in patients 
with deep venous thrombosis caused by BD in 
contrast with those with deep venous thrombosis 
due to other causes [27]. 

Biomarkers in the evaluation of 
disease activity in BD patients
�� Estimation of disease activity in BD

Estimation of disease activity in patients with 
BD remains a challenge. While certain patients 
display symptoms and signs, such as oral aphtho­
sis or panniculitis, virtually all the time – inter­
mingled with bouts of other manifestations – 
most patients tend to have unpredictable disease 
flairs and no or few symptoms in between. 
Neither the nature nor the frequency and dura­
tion of these flairs are foreseeable. However, it 
is quite certain that the overall disease activity 
slowly diminishes with increasing age.

The lack of a reliable, standardized tool for the 
evaluation of disease activity in BD is a major 
obstacle in trying to find biomarkers indicative 
of such activity and limits the comparability of 
study results. There are, however, some promis­
ing attempts to develop tools for the estimation 
of disease activity in everyday clinical practice 
and research. The best-studied, and probably 
most widely used tool, is the BD Current Activity 
Form (BDCAF), sometimes referred to as the 
Leeds Activity Inventory [28]. This question­
naire is an easy to use tool, which can provide a 
reasonable estimate of the overall disease activity 
in most BD patients within a comparably short 
amount of time. Its main characteristic is the 
approach of recording symptoms and signs over 
a predefined time interval (28 days), relating the 
level of activity to the duration of these signs and 
symptoms. No record is made of the number 
of oral, genital or skin lesions, nor the degree 
of severity of a certain disease manifestation 
at a given time. Good interobserver reliability 
for general disease activity was reported in one 
study by Bhakta et al. [29]. Most physicians in 
this study agreed on the degree of activity of 
oral, genital and joint manifestations, whereas 
great interobserver variability was found in 
the evaluation of GI symptoms. Neurological 
manifestations were accurately identified if they 
appeared as new symptoms, however, there was 
considerable disagreement on the specific site of 
the CNS lesion. 
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In our experience, the BDCAF is a valid, relia­
ble, time- and cost-effective tool for most aspects 
of disease activity evaluation in BD patients. 
However, we did not find it helpful for the evalu­
ation of patients with large vessel involvement 
who clearly depended on imaging studies (CT 
angiography or positron emission tomography) 
for obtaining reasonably precise information on 
disease activity and progression. The answers 
given in the questionnaire were rarely useful in 
making a decision regarding the indication for 
those imaging studies. Another problem is the 
time-length approach. Disease activity is not 
necessarily synonymous with disease duration. 
We feel that a BD patient presenting with aseptic 
meningitis or acute uveitis for 3 days may be as 
active, or even more active, than someone with 
oral ulcers, arthritis and erythema nodosum for 
the 4 consecutive weeks.

Furthermore, the BDCAF in itself does 
not propose an overall disease activity score, 
which could theoretically be calculated from 
the answers to the various items on the form. 
This very much limits the comparability of 
disease activity between individual patients, 
patient-groups and countries. An important 
attempt to identify those clinical features that 
can be summoned to form an overall index of 
disease activity, which would be appropriate 
for research studies internationally, has been 
made by Lawton et al. [30]. His work comprised 
542 BDCAFs who had been filled out over a 
period of 7 years in five different countries (UK, 
Turkey, Iraq, Korea and China). Following some 
adjustments (rescoring of the 4-graded time scale 
into a dichotomous scale of ‘symptom present or 
absent within the past 4 weeks’), as well as the 
exclusion of inferior data from China and Iraq, 
data from the remaining three countries – UK, 
Turkey and Korea – was pooled. After removal 
of two items from the BDCAF (‘disease activ­
ity as seen by the patient’ and ‘disease activity 
as seen by the physician’), the summation of 
the remaining 13 items were a good fit with the 
Rasch statistical model and enabled comparisons 
between the three countries. 

Few, if any, studies investigating markers 
of disease activity have used the BDCAF in a 
statistically relevant mode. Most authors define 
the disease as active when symptoms and/or 
signs appear in at least two to three organ sys­
tems. Others have used the BDCAF, however, 
they do not describe how they defined their score 
of activity, whereas some authors give hardly any 
description of what they consider to be active 
disease at all. The further implementation of 

the BDCAF, taking into consideration the 
results and conclusions of the important work 
by Lawton et al., remains to be realized when 
clinically evaluating BD for disease activity. This 
especially applies to designing and carrying out 
studies that relate to aspects of disease activity 
in these patients. 

�� Role of erythrocyte sedimentation 
rate & C-reactive protein in the 
evaluation of disease activity
The erythrocyte sedimentation rate and 
C-reactive protein have long been recognized as 
inaccurate markers of disease activity in BD [31]. 
However, it is widely agreed that a significant 
elevation of these parameters or a marked change 
form the baseline of an individual patient should 
prompt further investigation. 

�� Immunomarkers & disease activity
Most of the studies dealing with the explora­
tion of biomarkers possibly indicative of disease 
activity in BD have involved immunomarkers, 
such as cytokines, various immune cells, their 
activation markers, as well as antibodies and 
complement. Initially, the primary objective 
of many of those studies was to elucidate the 
pathoimmunology of the disease, however, more 
recently, the identification of markers of disease 
activity has become a primary concern. 

The wide-spread concept of a TH1-cell 
predominance in BD has been challenged in 
numerous recent studies, as TH2 cytokines also 
seem to play a role in the pathogenesis of BD. It 
is probable that phenotypic changes of both sub­
groups of TH cells occur in the disorder. A newly 
recognized group of TH cells – IL-23 dependent 
TH17 cells – has drawn the attention of many 
investigators to their possible role in the patho­
genesis of many autoimmune and rheumatologic 
disorders, including BD.

Correlation of overall disease activity with the 
serum levels of the TH1 cytokines IL-6, IL-8, 
IL-12, IL-18 and INF-g has been demonstrated 
in a number of studies [32–38]. Other studies have 
found increased levels of these cytokines in BD, 
regardless of disease activity [39].

Adenosine deaminase (AD), an enzyme 
required for lymphocyte proliferation and 
differentiation, has been the focus of at least 
four studies dealing with disease activity 
markers in BD  [40–43]. The enzyme – which 
is typically increased in disorders dependent 
on T-lymphocyte activation – was found to 
correlate well with disease activity in BD by 
all of the four above mentioned authors. Calis’ 
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et al. findings were consistent with those of the 
other groups  [41]. He also found AD levels to 
be independent of colchicine therapy in BD. 

The TH2 cytokines IL-4, IL-10 and IL-13 
have been found in increased levels in BD 
patients [7,34,36,37]. Hamazaoui et al. showed 
a significant increase of IL-10 in active BD 
patients compared with those in remission [34]. 
However, in the same study, he also demon­
strated an increase of IL-6 and a striking 
increase in IL-17, IL-18 and INF-g levels, con­
cluding that a shift towards TH1 activity may 
occur in active BD, compared with patients 
in remission.

In light of a number of studies with contra­
dicting results, the role of TH2-phenotype 
lymphocytes in BD remains unresolved. 
Decreased levels of CD8+ lymphocytes, as well 
as IL-4 and IL-10 have been found by some 
investigators [44–46], whereas many others have 
demonstrated an increase in CD8:CD4 ratios, 
IL-4, IL-6, IL10 and IL-13 [34,36,47–49]. 

Apart from increased serum IL-10 levels, Turan 
et al. found a correlation between IL-12 and 
sTNFR and disease activity in a study consisting 
of 66 patients with BD [36]. 

Another clue to increased TH2 activation was 
provided by the findings of a study by Duzgun 
et al., which revealed increased levels of solu­
ble CD30 in BD [50]. CD30 is released from 
CD4+ TH2 type T cells and is considered to be 
a marker for TH2 activity. In his study, levels 
of sCD30 were significantly higher in patients 
with active BD compared with those with BD 
in remission, RA patients and healthy controls. 
CD28 also was shown to be related to increased 
disease activity and to vascular complications by 
Hamzaoui et al. [22].

As mentioned previously, TH17 cells have 
recently attracted much attention amongst 
researchers in immunology [51–55]. New 
insights leading to a better understanding of 
the IL-23/TH17 axis or IL-23/IL-17 path­
way have challenged the traditional concept 
of TH1/TH2 segregation in understanding 
TH-cell activation and function. It now seems 
clear that IL-23 induces the differentiation of 
CD4+ T cells into TH17 cells, which secrete 
IL-17, IL-6, IL-8 and TNF-a. By contrast with 
TH1-cell populations – classically thought to 
be major players in autoimmunity – these cells 
do not produce INF-g. Another characteristic 
of the IL-23/TH17 pathway is the activation of 
neutrophiles and monocytes – a feature likely 
to be of relevance in BD. It is now evident that 
the IL-23/TH17 pathway plays a major role 

in the autoimmunity of experimental allergic 
encephalomyelitis, IBD and collagen-induced 
arthritis, and there is increasing evidence for its 
role in RA and psoriatic arthritis [54,55]. 

This paradigm shift cannot be ignored by 
researchers studying the pathoimmunlogy of 
BD. Currently, we are aware of one published 
study by Chi et al., who found increased IL-23 
and IL-17 levels in the sera and PBMCs in 
Chinese BD patients with active uveitis [56]. 

�� Markers related to neutrophiles
Neutrophiles have long been thought to play a 
central role in the pathogenesis of BD. This has 
even led to the classification of BD under the 
group of neutorphilic dermatoses by some authors, 
along with Sweet’s syndrome and pyoderma gan­
grenosum, with which the disorder undoubtedly 
shares a number of clinical characteristics, the 
most prominent being pathergy.

Yazici et al. conducted a study exploring neu­
trophil activation in relation to disease activity 
in BD. His group measured myeloperoxidase 
(MPO) as a marker of neutrophil activation 
and found signif icantly increased plasma 
MPO activity in patients with active BD, as 
compared with inactive BD patients [57]. Two 
biomarkers of oxidative stress, advanced oxi­
dation protein products (AOPP) and thiol, 
were also quantified. Increased levels of AOPP 
correlated well with increased disease activ­
ity, whereas thiol levels were low in active BD 
patients. Additionally, there was a significant 
correlation between uveitis and AOPP, however, 
not with MPO or thiol. 

An earlier study by Deger et al. showed good 
correlation of polymorphonuclear leukocyte 
elastase with disease activity [58].

Other markers that have been studied are cir­
culating intracellular adhesion molecule-1 [59], 
E-, L- and P-selectin [60,61] – all of which have 
been correlated with disease activity in BD. In 
addition, serum L-selectin was found to be sig­
nificantly elevated in BD patients with erythema 
nodosum, and colchicine therapy was associated 
with lower selectin levels [60].

An interesting thought was introduced by 
Erkilic et al., who investigated the relation of 
AD, thiobarbituric acid-reactive substances 
(TBARS) and antioxidant enzymes with dis­
ease activity in BD [40]. He found a significant, 
positive correlation between AD and TBARS, 
whereas there was a negative correlation of AD 
and TBARS with antioxidant enzymes, sug­
gesting a link between T-cell activation and 
neutrophil hyperfunction.
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G-CSF is elevated in Sweet’s syndrome, a 
neutrophilic dermatosis showing some clinical 
similarity to BD. Exogenous G-CSF administra­
tion has previously been reported to cause Sweet’s 
syndrome [62]. Kawakami et al. found increased 
levels of G-CSF in BD patients – although less 
than in Sweet’s syndrome – in a study includ­
ing patients with both disorders, also reporting 
a significant association of G-CSF levels with 
activity in both diseases [63]. 

�� Markers associated with 
coagulation & endothelium
The main markers that have been found to have 
some correlation with disease activity are nitric 
oxide (NO), homocysteine, VGEF and lep­
tin [64–68]. Positive VGEF staining of oral aph­
thous lesions was associated with a persistence 
of those lesions for more than 6 months in one 
study by Yalcin et al. [69]. Probst et al. showed 
increased factor VIII levels to be associated with 
an increase in the risk for macular edema in 
ophthalmologic BD patients [70].

�� Molecular mimicry &  
activity markers
The thought that cross-reactivity of human anti­
gens with bacterial or other foreign antigens may 
be the cause of BD has been favored by many 
investigators up to today. Even though this 
mechanism is unlikely to be the only one respon­
sible for the disease, there is some evidence that 
strongly suggests molecular mimicry plays at 
least a partial role. This evidence is derived from 
various observations, such as increased levels of 
circulating antibodies to streptococcal HSPs, 
hypersensitivity reactions and systemic exacer­
bations of BD after streptococcal skin injections 
and a more favorable outcome of mucocutaneous 
lesions after combined treatment with penicillin 
plus colchicine over colchicine alone [71–73]. 

Heat shock proteins are the best-studied 
cross-reactive self antigens in BD. Apart from 
streptococcal HSP, mycobacterial HSP seem 
to play a role as shown by Stanford et al., who 
induced anterior uveitis in Lewis rats follow­
ing the injection of mycobacterial and homo­
logous human heat-shock protein T-cell peptide 
epitopes specific for T lymphocytes in BD into 
their footpads [74].

A later study from the same group showed 
increasing IgA and IgG antibody titers to one 
or three peptides derived from the sequence of 
the Mycobacterium TB 65 kDa HSP and the 
homologous human mitochondrial 60  kDa 
HSP following their mapping in sera from BD 

patients in sequential antibody studies, thus sug­
gesting a possible increase during exacerbations 
of ocular disease [75]. 

�� Genetic markers & disease severity
Behçet’s disease is associated with a number of 
HLAs, especially HLA-B51. The largest preva­
lence of HLA-B51 carriers amongst BD patients 
is found in countries along the Old Silk Road, 
and familial cases of BD have higher HLA-B51 
prevalences than sporadic cases. An increased risk 
of developing BD has also been observed amongst 
HLA-B52 carriers in Israel and HLA-B57 carriers 
in the UK.

It has been proposed that severe forms of BD 
may be partially linked to HLA positivity. Most 
of the studies in support of this assumption have 
found an association of HLA-B51 with particu­
larly debilitating disease manifestations, such as 
posterior uveitis and CNS involvement [76–79]. 
This concept has been challenged by a number 
of authors. Choukri et al., for example, did not 
find particularly severe disease or a certain subset 
of clinical manifestations to be associated with 
HLA-B51 or B15 in 86 Moroccan patients  [80]. 
However, he observed a different disease course in 
HLA-B51 or B15 BD patients, characterized by an 
increase of symptoms over time out of proportion 
to the symptom increase in non-HLA-B51/15 car­
riers, followed by complete remissions, thus con­
cluding that earlier treatment might be justified in 
HLA-B51/15-positive individuals with BD. 

A larger study from Turkey, which included 
148  individuals with BD, did find increased 
frequencies of genital ulcerations, skin lesions, 
positive pathergy and eye disease in HLA-B51-
positive patients. However, no significant asso­
ciation between HLA-51 positivity and a more 
severe disease course was found. HLA-B51 homo­
zygosity was not related to increased severity of 
BD either. 

Overall, it remains controversial whether 
HLA-B51 or another human leukocyte antigen 
is predictive of increased disease severity.

Non-HLA genes have also been associated with 
susceptibility to BD. Some examples are polymor­
phisms of the VGEF gene, the ICAM-1 gene and 
TNF genes [81–83]. Not increased disease sever­
ity, but an earlier symptom onset was associated 
with polymorphisms of the IL-18 promoter gene 
in a study from Korea [84]. The results of another 
interesting study by Verity et al., which included 
102 BD patients of Middle Eastern descent in the 
UK, suggest that co-expression of the TNFB-2 
allele with HLA-B51 might contribute to the 
severity of ocular disease [85]. 
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Regardless of the role of genetic markers 
in terms of estimation of disease severity, it is 
important to state here that, male gender and 
young age at disease onset currently remain the 
most reliable known predictors of severe BD.

Conclusion
Behçet’s disease remains a clinical diagnosis. 
Notwithstanding the sheer multitude of pro­
posed biomarkers with possible value in the 
diagnosis and estimation of disease activity, not 
a single one of them has emerged to the status 
of a feasible, easy to use, reliable and valid tool 
in everyday clinical practice or research so far.

This does not depreciate the many attempts 
that have been made in the search for these mark­
ers. Keeping in mind the pleotrophic effects of 
many seromarkers, the wide range of intrapatient 
variation over time and the frequently encoun­
tered uncertainty regarding disease activity, 
appreciation of the difficulty involved in carry­
ing out these studies is warranted, as opposed to 
euphoria about a published statistically signifi­
cant correlation. Conflicting results are the rule 
in this complex area of research, especially in 

this rare disorder, with its obscure pathogenesis, 
genetic, inter-regional and clinical heterogeneity.

There definitely is a need for longitudinal study 
design, appropriate control groups, well-charac­
terized patient groups, outcome definitions and 
accurate clinical assessment of disease activity. 

Some real progress with the estimation of dis­
ease activity has been made through the intro­
duction of the Behçet’s Disease Current Activity 
Form. The further implementation of this prac­
tical tool in clinical practice and research should 
be encouraged.

Future perspective
Some future developments are desirable and 
worth considering:

n	Improvement of study designs of clinical 
studies trying to identify biomarkes;

n	Increased international cooperation and pool­
ing of clinical data of patients from 
different countries;

n	Standardization and further development of 
reliable clinical tools for disease activity 
evaluation;

Executive summary

General considerations regarding biomarkes in Behçet’s disease
�� The lack of longitudinal, prospective study design limits the usefulness of many study results.
�� The heterogeneity and rarity of the disease make the design of methodologically valuable studies a challenge.
�� The syndromatic character of Behçet’s disease (BD) may require separate investigations of different subgroups of disease manifestations 

or well-defined ‘clusters’ of signs and symptoms.

Diagnosis, differential diagnosis & biomarkers in Behçet’s disease
�� No serological marker is diagnostic of the disease.
�� Putative markers might be especially helpful when evaluating patients for BD presenting with isolated disease manifestations, such as 

oral ulcers, uveitis or arthritis.
�� Pathergy is a characteristic feature of BD in certain ethnic groups, but it is not pathognomonic for the disease as it may also occur in the 

neutrophilic dermatoses Sweet’s syndrome and pyoderma gangrenosum.
�� Markers indicative of BD versus antiphospholipid antibody syndrome in antiphospholipid antibody-positive BD patients presenting 

with intracardiac thrombi and/or peripheral arterial thrombosis may pave the way to faster diagnosis and timely initiation of life-saving 
therapy in the future.

�� BD and inflammatory bowel disease are frequently confused entities and future studies investigating biomarkers in BD must be able to 
reliably exclude patients with inflammatory bowel disease.

�� Currently, the best approach to diagnosing BD patients with large vessel involvement remains the use of imaging studies, such as angio-
computed tomography, positron emission tomography-computed tomography or angiography.

Biomarkers in the evaluation of disease activity in Behçet’s disease patients
�� Estimation of disease activity in BD is difficult.
�� The Behcet’s disease current activity form (BDCAF) currently constitutes the best and easiest-to-use tool for disease activity estimation 

with an acceptable interobserver reliability for general disease activity.
�� Some modifications of the BDCAF and its scoring scale may enable researchers to compare results indicative of degrees of disease 

activity between patients form different parts of the world.
�� Erythrocyte sedimentation rate and C-reactive protein are unreliable indicators of disease activity in BD.
�� Immunomarkers are widely researched but often problematic owing to their pleiotrophic effects.
�� Neutrophile markers are an important and promising research target.
�� Molecular mimicry remains a meaningful concept in BD, and associated markers –  in particular various heat shock proteins – are in the 

focus of important research.
�� Genetic markers, especially HLA-B51, may be weaker indicators of disease severity than previously assumed.
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n	Increased use of proteomic scans and critical 
interpretation of the data obtained from 
these scans;

n	Reinforcement of a target-lesion-focused 
approach in trying to identify biomarkers;

n	Focus on biomarkers that could be of help 
with diagnoistic dilemmas, such as BD versus 
IBD, APS or large vessel vasculitides;

n	Careful (re)consideraton of the clinical relevance 
of a given biomarker. Statistical significance is 
not enough;

n	A larger number of studies aiming to elucidate 
the role of the IL-23/TH17 pathway in BD.
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