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Abstract

Behçet’s disease (BD) is a type of vasculitis with many distinctive clinical manifestations 
and multifactorial immunopathogenesis. The cause of BD remains unknown, but it has 
been postulated that in a genetically predisposed or susceptible population, exogenous 
agents trigger the dysregulation of both autoinflammatory and autoimmune responses 
resulting in multisystem vasculitis. There are robust ongoing efforts across the globe to 
elucidate and identify signature markers to improve and assist in rapid diagnosis of the 
disease and to tailor the best therapy accordingly. While association of human leukocyte 
antigen (HLA)-B*51 (B*51:01 subtype) allele is well recognized as the strongest genetic 
susceptibility gene so far among genetically predisposed BD patients, further investiga-
tions using the latest technology have led to the identification of several novel single 
nucleotide polymorphisms (SNPs) and other associated genes involved in the pathogen-
esis. There are several “established” cytokines known to be involved in the pathogen-
esis of BD, which have been further implicated in the genome-wide association studies 
(GWAS)-based cytokine/receptor gene loci studies, as well as numerous “novel” cyto-
kines, which are currently being studied and identified. This chapter offers insights into 
current knowledge and thoughts regarding the future of biomarkers in BD.

Keywords: Behçet’s disease, Behçet’s syndrome, biomarker, immunopathogenesis, 

immunogenetics, pathogenetics, etiopathogenesis, cytokines, HLA-B*51

1. Introduction

Behçet’s disease (BD) is a type of vasculitis characterize by recurrent inflammatory attacks 
causing many distinctive clinical manifestations, most commonly affecting the orogenital 
mucosa, skin, and the eyes [1–3]. The etiology has yet to be fully established, but it has been 
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postulated that a genetically predisposed or susceptible population, exposed to exogenous 

agents, may result in the dysregulation of both autoinflammatory and autoimmune responses. 
It is a complex disease that has been the subject of intense research and clinical interest.

In this era of precision medicine, there is a need to integrate biomarkers into clinical practice, 

which may serve as valuable predictive and prognostic tools to assist practicing physicians in 

making clinical decisions while managing complex diseases. This may also improve diagnos-

tic capability, risk stratification, prediction of disease progression, assist in targeted therapy, 
and monitoring of response to treatment to improve patients’ overall clinical outcome.

This review chapter will look into the most relevant articles that have defined and clarified BD 
over the years, as well as review the most recent publications offering new insights in order 
to help fill the gaps in further understanding the disease. The chapter will focus on the etiol-
ogy, immunopathogenesis, recent advances in search of potential biomarkers and targets for 

further research.

We will examine recent advances made that have shed new light on an old disease and 

explore the potential genetic (including genome-wide association studies (GWAS) and next-

generation DNA sequencing, looking into the human leukocyte antigen (HLA) and non-HLA 

genetic associations) and molecular markers (including innate immune lymphoid cells and 

adaptive immune cells, cytokines, chemokines, other circulating biomarkers, and signaling 

molecules of inflammation) and their potential correlations with disease activity and therapy.

2. The pursuit for genetic susceptibility markers in Behçet’s disease

BD is a genetically complex and heterogeneous disease. The pursuit of gene discovery for 

causative genetic factors in BD spans over more than four decades since Professor Shigeaki 

Ohno first described the association of HL-A5 antigen observed in his Japanese BD cohort that 
was later renamed human leukocyte antigen (HLA)-B5 [4]. Other early evidence stems from 

the observation of familial clustering in BD families where more than one family member 

developed the disease [5–8], which provided further clues to a strong genetic predisposition 

to the disease.

2.1. The MHC I and HLA-B*51 and its association with BD

The major histocompatibility complex (MHC) has an expansive immune component includ-

ing the HLA and plays a pivotal role in the genetic influences on susceptibility to autoimmu-

nity. The ~3.5-Mb region has the highest density of genes in the human genome, the majority 

of which have fundamental roles in immunity [9].

A remarkably consistent body of evidence demonstrates association of HLA-B*51 (B*51:01 sub-

type) allele as the strongest genetic susceptibility gene so far among genetically predisposed 

BD patients. However, certain indigenous Amerindians have a high prevalence of HLA-B*51 

but virtually no reported cases of BD. High level of recombination within the MHC is known 
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to have occurred in these Eastern populations before their migration into Beringia and it was 

suggested that disruption of the genetic loci in linkage disequilibria with HLA-B*51 might be 

one reason for the absence of disease in these high HLA-B*51-bearing populations [10]. These 

findings emphasize the fundamental roles and interplay of both genetic and environmental 
components in the development of the disease.

There have been conflicting views, however, on whether the disease association with HLA-
B*51 is attributed to a role of MHC class I variant itself or if the association is found due to its 
linkage disequilibrium (LD) with another variant in the region [11].

2.2. The unifying concept of MHC-I-opathy

The understanding of the pathophysiology of BD is challenging, as it is at the crossroads 

between autoimmune and autoinflammatory syndromes [12]. A new perspective of a unify-

ing concept of MHC-I-opathy was proposed recently comprising of BD and several clinically 

distinct spondyloarthropathies (such as ankylosing spondylitis and psoriasis)—all associated 

with MHC Class I alleles, such as HLA-B*51, HLA-B*27, and HLA-C*0602, and epistatic endo-

plasmic reticulum aminopeptidase 1 (ERAP-1) interactions.

McGonagle et al. have proposed that the MHC-I-opathies share an immunopathogenetic 

basis including barrier dysfunction in environmentally exposed organs such as the skin and 

aberrant innate immune reactions at sites of mechanical stress. This they argue can often trig-

ger secondary adaptive immune CD8+ T cell responses with prominent neutrophilic inflam-

mation that culminate in the initiation and chronicity of these diseases [13]. Further research 

and understanding into this unifying concept of MHC I driven inflammatory response may 
provide further targets for disease management.

2.3. Other MHC/HLA associations

The complexity and strong LD with the HLA-B*51 allele make it difficult to explore additional 
independent susceptibility loci within this region. Despite having the strongest genetic asso-

ciation, it remains unclear to this day whether disease susceptibility in BD is due to the HLA-

B*51 itself or due to the genes located around the HLA which is in LD with it.

The MHC Class I chain-related gene A (MICA) is located in proximity and in between the 

HLA-B and tumor necrosis factor (TNF) genes on the short arm of chromosome 6. It has long 

been considered a major genetic susceptibility gene for BD and has been studied in many 

different populations since the first observation of a possible association by Mizuki et al. [14]. 

Lee et al. conducted a meta-analysis on the associations of MICA and BD and found statisti-

cally significant association in various ethnic populations [15]. However, due to its strong LD 

with HLA-B*51, it has been difficult to prove MICA as a primary susceptibility gene for BD. 
Furthermore, different GWAS did not find an independent association between MICA and 
BD [16–18].

Ombrello et al. performed stepwise conditional analysis and found independent genetic asso-

ciations for HLA-B*15 and HLA-B*27 and risk, while HLA-B*49 and HLA-A*03 were protective 
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[19]. Montes-Cano et al. demonstrated HLA-B*57 as a marker for risk in the Spanish population 

[20], while Meguro et al. showed that HLA-A*26 is a risk marker in the Japanese population [16].

Using a custom platform (Immunochip) that includes 8572 single nucleotide polymorphisms 

(SNPs) in the HLA extended region, Hughes et al. demonstrated that the robust HLA-B*51 

association in BD is due to a strong association signal of an SNP rs116799036 in two indepen-

dent BD cohorts (Turkish and Italian) from two ancestry groups, while also identifying two 

additional independent genetic associations with genome-wide significance (P < 5 × 10−8) in 

the HLA region: rs12525170 and rs114854070 [21].

2.4. Genomic strategies for a complex genetic disease beyond the typical Mendelian 

inheritance

It was difficult to venture beyond the MHC in the past: the tools to do so were unavailable as 
linkage studies were only suitable for Mendelian disorders. Intriguing new techniques have 

surfaced in recent times accelerating the pace for gene discovery, especially for complex dis-

eases such as BD.

2.4.1. Genome-wide association studies (GWAS)

Being a complex disease, BD does not follow the typical Mendelian law of inheritance, rather 

of a dichotomous nature conforming the “polygenic threshold model” where the phenotypic 

expression is resultant upon genetic variation at multiple rather than a single loci, with the 

majority of the cases occurring sporadically. This is the basis foundation for the development 

of GWAS, which was initially thought to be the “comprehensive” option designed to identify 

genetic variants associated with such complex disease [22].

The advent of GWAS earlier in this century has dramatically improved our ability to identify 

and map successfully susceptibility loci associated with complex diseases such as BD, usu-

ally as single nucleotide polymorphisms (SNPs). It seems that these common genetic variants 

contribute to polygenic disease manifestations where phenotypic variance depends on contri-

butions from several genetic variance.

Fei et al. [23] performed the first GWAS study in BD in a relatively small Turkish popula-

tion and identified several novel candidate genetic loci (KIAA1529, CPVL, LOC100129342, 
UBASH3B, and UBAC2) that are associated with increased susceptibility to BD. In the same 

year, Meguro et al. [16] found that the main susceptibility locus in BD Japanese population 
remains in the MHC itself, wherein reside two independent loci: HLA-B*51 and HLA-A*26. 

Two large GWAS conducted in Turkey and Japan followed in 2010: Remmers et al. confirmed 
the association of HLA-B*51, identified a second, independent association within the MHC 
Class I region and also found association at IL10 [17], while Mizuki et al. identified IL23R-
IL12RB2 and IL10 as Behçet’s disease susceptibility loci [18].

In 2012, GWAS performed by Kirino et al. identified novel susceptibility loci at chemokine 
receptors CCR1-CCR3, signal transducer and activator of transcription 4 (STAT4), killer 

cell lectin-like receptor K1 subfamily K, member 1 (KLRK-1), killer cell lectin-like receptor 
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subfamily C, member 4 (KLRC4), and ERAP1 in a Turkish population [24], thus apparently 

supporting the emerging concept delineating common pathogenic mechanisms for BD, anky-

losing spondylitis, and psoriasis. In the same year, Hou et al. also identified STAT4 as a novel 
susceptibility locus for BD in the Chinese population in their GWAS and functional studies 

[25].

One of the difficulties of using GWAS in cohorts of mixed ethnicity is due to the rarity and 
unequal distribution of disease prevalence among different ethnic background. This was 
overcome by novel statistical approaches, demonstrated by Kappen et al. [26] who confirmed 
the central role of the HLA region in the disease and validated the association of IL2A gene by 

meta-analysis with previous work.

2.4.2. Next-generation sequencing (NGS) and candidate gene analysis

Despite discoveries of many unimpeachable associations with GWAS, it became apparent that 

the approach alone could not explain the full range of heritability or genetic susceptibilities 

to complex diseases [27] and at best could only identify moderate proportions of genetic vari-

ants contributing to the disease heritability. Among the growing menu of techniques, targeted 

next-generation sequencing is the latest promising technology in search of rare genetic vari-

ants with fewer alleles (minor-allele frequency), which likely carry a greater larger impact on 

disease manifestations and with larger deleterious biological effects [28, 29]. Next-generation 

exome sequencing has the ability to generate millions of short reads of sequence, ranging 

from 50 to 500 bp, in parallel. It can be targeted in key regions of the genome-to make quick 

discoveries [29].

2.5. Non-MHC I susceptibility genes

Early data revealing the contributory influence of non-HLA susceptibility genes came from 
studies in the 1990s; however, some of the associations were weak or inconclusive. In 2009, 

Karasneh et al. published the first systematic whole genome linkage analysis from 28 Turkish 
BD families, which provided evidence for non-HLA susceptibility loci with the strongest evi-

dence seen for 12p12–13 and 6p22–24 [30].

The revelation of GWAS unfolded associations with genome-wide significance (P < 5 × 10−8) 

in the interleukin 23 receptor (IL23R)-IL12RB2, IL12A, IL10, ubiquitin-associated domain 

containing 2 (UBAC2), STAT4, CCR1-CCR3, KLRC4, ERAP1, TNF alpha-induced protein 3 
(TNFAIP3), and fucosyltransferase 2 (FUT2) loci [17, 18, 22–26]. Some of these results have 

been replicated since in case-control candidate gene studies from Iranian, Chinese and 

Spanish European populations [30–36].

Targeted next-generation sequencing revealed the additional involvement of rare non-syn-

onymous variants in toll-like receptor 4 (TLR4), nucleotide-binding oligomerization domain-

containing protein 2 (NOD2), and the Mediterranean Fever Gene (MEFV) [37]. Recently, 

Ognenovski et al. used whole exome sequencing in BD of European descent for the first time 
and identified and replicated two novel putative protein-damaging genetic variants within 
LIMK2 and NEIL1, which may influence cytoskeletal regulation and DNA repair [38].
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The associations with ERAP1, IL23R, IL10, and MEFV variations suggest that BD may share 
susceptibility genes and inflammatory pathways with spondyloarthritis [39], while the TLR 

and FUT polymorphisms that affect response to invasive pathogens have led to an increase 
interest in responses to microbiomes [40].

3. Molecular markers of BD

3.1. The cytokines network of BD

The term “cytokine” was first introduced in 1974 by Cohen et al. [41] to describe a polypeptide 

mediator superfamily central in the immune system generation and regulation. An entwined 

network comprising of interleukins (ILs), interferons (IFNs), tumor necrosis factor (TNF), 

chemokines, and other mediators primed to regulate the immune system, however, due to 

several factors such as imbalance of its receptor expression and dysregulation of its functions, 

generates the pathologic systemic inflammatory and/or immune responses seen in various 
autoimmune and autoinflammatory disorders.

Pro-inflammatory and anti-inflammatory cytokines have been shown to be involved in 
patients with BD (as discussed in more detailed below). Several studies demonstrated elevated 

levels of cytokines in local lesions indicating its involvement in the disease local immune 

responses [42–46]. Evidence from the GWASs further implicated several cytokines underlying 

the pathogenesis of BD [17, 18, 22–26]. Moreover, the successful use of various anti-cytokine 

therapies in BD patients provides additional evidence that cytokines play a crucial role in its 

pathogenesis [47–64]. These overall observations highlight the fundamental role of cytokines 

as key players in the pathogenesis of BD.

There are several established cytokines that are known to be involved including IL1β, TNFα, 
IL6, IL10, and IL23. Various new promising candidate’s cytokines identified to be associ-
ated with BD include IL21, IL22, IL33, IL37, and several others, all of which be described as 

detailed below.

3.1.1. The main pro-inflammatory cytokines

Despite the pleiotropic nature of most cytokines, this group of cytokines primarily promotes 

inflammation. Several pro-inflammatory cytokines have been implicated in BD.

3.1.1.1. The interleukin-1 (IL1) family: IL1β, IL18, IL33

All cells of the innate immune system express and/or are affected by IL1 family members, 
which play a key role in the differentiation and function of polarized innate and adaptive lym-

phoid cells [65]. Among the 11 cytokines in the family, IL1β is the principal pro-inflammatory 
cytokine, leading to the expression of many chemokines and secondary mediators of inflam-

mation and upregulating innate immunity in response to infectious agents [66]. The levels of 

IL1β have been shown to be elevated in several studies [45, 46, 49, 67, 68], including in synovial 
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fluids of BD patients [45, 46]. A proof-of-concept study by Güll et al. strongly implicated IL1β 
and BD with significant improvement seen especially in patients with uveitis treated with 
IL1β-regulating antibody [47]. Recently Tugal-Tutkun et al. demonstrated rapid control of uve-

itis in BD patients without the need for high-dose corticosteroid in a prospective, open-label, 

randomized phase II trial [48] supporting several other previous studies of the proven efficacy 
of IL1β to induce stable clinical remission among BD patients [49–52].

Other pro-inflammatory cytokines in the IL1 family implicated in BD especially in the last 
decade include IL18 [42, 69–71], an important component of polarized Th1 cell and natu-

ral killer (NK) cell responses and of the interplay between macrophages and NK cells [65]. 

Identified in 2005 by Schmitz et al, IL33 was noted to have the capability to activate NF-κB 
and MAP kinases, and induces the expression of IL-4, IL-5, and IL-13 in vivo, leading to 

severe pathological changes in mucosal organs [72]. In several of his studies, Hamzaoui et 

al. demonstrated higher levels of IL33 in sera of active BD patients compared to BD patients 

in remission [73–75], and this was supported by Kim et al. [76] who found elevated IL33 in 

BD patients with erythema nodosum (EN) and EN-like skin lesions. Surprisingly, Koca et al. 
found contrasting results of lower IL33 levels in active BD Turkish patients compared to the 

inactive patients and healthy controls (HC) but did find significantly higher levels of IL33 
among BD patients with uveitis [77].

3.1.1.2. The tumor necrosis factor (TNF) superfamily

Among the 19 TNF superfamily cytokines that has so far been identified, the first member of 
the family, TNFα, which was the first to be discovered, is the most highly investigated. Levels 
have been shown to be elevated in studies from different populations [49, 69, 78–83]. Meta-

analysis by Touma et al. [84] found TNF (-238A/G, -1031C/T, and -857T/C) polymorphisms 

are associated with susceptibility to BD, while an updated meta-analysis by Zhang et al. con-

firmed a significant association between the TNF−308A/G polymorphism and BD susceptibil-
ity [85]. Treatment has also been shown to be highly effective [53, 54].

There is not much information about the other members of the TNF superfamily and its asso-

ciation with BD, but despite the limitation, isolated studies have shown several other TNF 

family member to be associated with BD in different ethnic populations: Cantarini et al. found 
significantly higher serum soluble TNFR and soluble CD40L [86], Shaker et al. demonstrated 

higher levels of B cell activating factor (BAFF), A proliferation producing ligand (APRIL), 

and B cell maturation antigen (BCMA) in BD patients [87] and Düzgün et al. found elevated 

soluble CD30 levels in active BD patients compared to controls [88].

Besides TNFα, other members of the TNF superfamily may offer options as potential targets 
and therapeutic candidates in BD; however, more research is needed in this field to prove its 
efficacy and safety profile.

3.1.1.3. Interleukin-6 (IL6)

Several studies have shown higher levels of serum IL6 in active BD compared to inactive BD 

and HC [71, 89, 90], and interestingly in neuro-BD patients, IL6 was noted to be markedly 
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elevated in the cerebrospinal fluid (CSF), but not in the sera [91, 92]. Blockage of IL6 signal-

ing with tocilizumab in BD patients despite looking promising in the treatment of neuro-BD 

[55–58] has revealed mixed results for non-neurological manifestations [58, 59, 93, 94] and is 

currently undergoing further evaluation in controlled clinical trials.

3.1.2. The main anti-inflammatory cytokine: type I interferon (IFNα)

Being the oldest cytokine discovered exactly 60 years ago, interferon-α (IFNα) has been the 
scope of investigation in many inflammatory diseases including BD. Despite initially thought 
to have mainly pro-inflammatory effects, it is becoming clearer that IFNα display a more com-

plex function and its anti-inflammatory properties have led to its use as one of the treatment 
modalities in BD since the mid-1980s. Different studies by Hamzaoui, Kötter, and Pay et al. 
in their respective Tunisian, German and Turkish populations demonstrated higher levels of 

IFNα among BD patients [71, 95, 96]. In 2010, Liu et al. published their in vitro experiments 

demonstrating the ability of IFNα to inhibit IL17 expression and increase IL10 production 
by PBMCs and CD4+ T cells [97]. Successful uses of IFNα-2a and -2b as treatment modalities 
have been reported [60–62], and more recently, Lightman et al. reported the successful use of 

pegylated IFNα-2b in BD resulting significant reduction in corticosteroid use and improve-

ment of quality of life [63]. The exact mechanism of IFNα, however, is still largely unknown.

3.1.3. Helper and regulatory T lymphocytes involvement in BD

There have been remarkable advances leading to our current understanding on the lineage 

commitment and plasticity of helper CD4+ T cells. The “naïve” CD4+ T cells in the presence of 

its associated cytokines differentiates into distinct T helper (Th) cells populations-Th1, Th2, 
Th17 or Th22: tailoring their responses to address specific threats accordingly. On the other 
hand, CD4+ CD25+ regulatory T cells (Tregs), derived from the thymus or differentiation from 
naïve T cells, downregulate Th responses and are critical for the preservation of immune tol-

erance and maintaining balance in the immune system.

3.1.3.1. Th1, Th17, and Th22 cell-associated cytokines

In the early 1980s, Ohno et al. demonstrated for the first time significantly higher levels of 
IFNγ in Japanese BD population [98]. Ahn et al. in their case series showed that the levels of 

IFNγ were elevated in aqueous humor and serum in BD patients with uveitis, which was then 
suppressed with combined low-dose cyclosporine/prednisone treatment [99]. Many other 

studies similarly found elevated serum IFNγ in active BD patients [44, 71, 83, 100–106], espe-

cially in BD patients with uveitis [44, 83, 102–105].

Other Th1 cell-associated cytokines associated with BD include IL2 and IL12. Despite conflict-
ing results for IL2 levels in the ocular fluid of active BD patients with uveitis [106, 107], it was 

found to be significantly elevated in the serum of BD patients [108] and in active disease [109]. 

The alpha-chain of the IL2R that is shed from the surface of T cells by proteolytic enzymes to 

form the soluble sIL2R, which retains affinity to IL2, is also found to be significantly higher in 
active BD [46, 79, 110–113] and specifically in BD patients with uveitis [112, 113]. Serum IL12 
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levels were also found to be elevated in BD patients with active uveitis [114–116] and other 

active manifestations [42, 117, 118].

IL23 influences Th17 cell responses but shares a common p40 subunit with IL12 [119], and like 

IL12 has also been shown to be elevated in BD patients with active disease [101, 105, 120, 121]. 

Ustekinumab, a therapeutic agent, targeting both IL12 and IL23 cytokines has been shown to 

be therapeutic in BD [122], and subsequently a phase 2 open-label study to evaluate the proof-

of-concept of ustekinumab in BD (STELABEC) has been recently registered in France. Both 

IL12 and IL23 stimulates nonreceptor Janus kinase 2 (JAK2) and tyrosine kinase 2 (TYK2) 
activity, leading to phosphorylation of STAT family members, with IL12 particularly activat-

ing STAT4 homodimers and IL23 predominantly activating STAT3 [119, 123–125]. Tulunay 

et al. demonstrated that the JAK1/STAT3 signaling pathway is activated in BD, and several 
other studies have shown similar findings [126]. Tulunay further suggested that more direct 

therapies aimed at JAK/STAT-associated cytokines such as ustekinumab (anti-IL12/23) and 
recently the approved tofacitinib that specifically inhibits JAK1/3, may be new therapeutic 
options for BD [126].

Th17 and Th22 are the “newer” helper-T cell subsets that secrete pro-inflammatory cytokines 
IL17 and IL22, respectively. Both are also implicated in the pathogenesis of BD, and their levels 

were markedly increased in BD patients [97, 105, 127–133] including active uveitis [107, 127, 

128]. Chi et al. in their study demonstrated that production of IL17 was successfully inhibited 

by treatment with cyclosporine [127]. Another interesting finding in one of the studies above 
is increased levels of CCL20, an essential potent chemoattractant for the recruitment of Th17 
lymphocytes [129]. Sugita et al. established Th22-type T cell clones from ocular samples taken 

from BD patients with active uveitis, which produced large amounts of IL22 and TNFα [106]. 

Sugita also demonstrated that IL22 in the presence of retinal antigens were able to produce 

high levels of IL22 in mice with experimental autoimmune uveitis [106]. From the therapeutic 

point of view, Liu et al. demonstrated significantly higher levels of IL17 in active BD patients, 
and stimulation with IFNα significantly decreases this IL17 production [97].

IL21 is one of the more recently identified type I cytokines that has been shown to tilt the 
balance between Th17 cells and regulatory T cells (Tregs) [134]. Geri et al. found markedly 

increased IL21 in active BD patients’ sera and in the CSF of active neuro-BD patients. He fur-

ther demonstrated increased Th17 and Th1 differentiation and decreased frequency of Tregs 
cells after stimulation of CD4+ T cells with IL21. Conversely, IL21 blockade with an IL21R-Fc 

restored the Th17 and Tregs homeostasis in BD patients, which might represent a potential 

target for novel therapy [135].

3.1.3.2. Th2 cell-associated cytokines and Tregs

The studies on Th2 cell-associated cytokines and their contribution in the pathogenesis of 

BD have been rather conflicting. Several studies found lower or no significant differences of 
the related cytokines in BD patients compared to HC [45, 106, 109, 119, 136, 137]. However, 

studies by Hamzaoui et al. found increased serum levels of Th2 (IL4 and IL13) cytokines, 

and Takeuchi et al. found elevated IL4 and IL10 in BD patients [71, 83], while studies from 

Raziuddin and Aridogan et al. demonstrated high levels of IL4, IL10 and IL13 in active BD 
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patients [138, 139]. Liu et al. and Guenane et al. in separate studies found significantly higher 
levels of IL10 in uveitis patients with BD compared to HC and idiopathic uveitis, respectively 

[97, 114]. Dalghous and his colleagues observed the presence of IL4 cytokines in oral lesions 

only from BD patients compared to RAS patients [140], while Ben Ahmed et al. found elevated 

levels of IL10 comparable to the increased IFNγ levels in active lesions of BD patients [141].

The possible role of Tregs in the pathogenesis of BD has gained considerable interest in recent 

times. Hamzaoui and Gündüz both demonstrated decreased Tregs level in clinically active 

BD patients [43, 142], Nanke et al. suggested that a decreased percentage of Tregs in periph-

eral blood of BD patients might be a predictive marker of ocular attack [143], while Sugita et 

al. demonstrated that Tregs level increased significantly with infliximab therapy but not with 
colchicine or cyclosporine in BD patients with uveitis [144]. Another subset of Tregs expresses 

high levels of CD52 glycoprotein [145], and together with other CD52-bearing cells (T cells, 

B cells, monocytes, macrophages, NK cells, dendritic cells, and granulocytes) are molecular 
targets of CAMPATH-1. A humanized antibody of IgG1 CAMPATH-1H/alemtuzumab has 

been successfully used in BD [146, 147] including in an open trial involving 18 BD patients 

with complete or partial remission achieved in 84% of patients [146].

3.1.3.3. Gammadelta (γδ) T cells

Gammadelta (γδ) T cells are innate-like lymphocytes that express a unique T cell receptor 
(TCR) γ and δ chain. Despite constituting only a small proportion (1–5%) of lymphocytes, they 

are more widespread within epithelial-rich tissues, such as the skin, intestine and reproduc-

tive tract, where they can comprise up to 50% of T cells [148]. They are a unique population of 

T cells that have features of both innate and adaptive immunity and express characteristics of 

conventional T cells, natural killer cells, and myeloid antigen presenting cells [149].

The relationship between γδ T cells and BD has been noted in several studies since the early 
1990s. Increased γδ T cells levels were seen in BD patients compared to HC [99, 150–155] and 

in active BD compared to inactive BD [99, 151, 155, 156]; however conversely, several stud-

ies did not show any significant difference with HC [157–159]. Hasan et al. postulated that 

these discrepancies might be due to the activation status of the disease, as a reflection of local 
tissue inflammation compared to peripheral blood γδ T cells and such variation might be 
dependent on several other factors including disease severity, usage of medications such as 

immunomodulatory agents, and perhaps other variables, namely, age, gender, ethnicity, and/

or environmental factors [149]. Their roles in the pathogenesis and potentially as therapeutic 

targets remain to be elucidated.

3.1.4. Other cytokines

IL37 is part of the IL1 family (discovered in 2009 and formerly identified as IL1F7) but has 
emerged as an inhibitor of innate immunity [160]. It has been shown to be significantly lower 
in BD patients compared to HC, with pronounced inhibition in active patients, and was associ-

ated with increased production of IL1β, IL6, and TNFα in LPS-stimulated PBMCs [161, 162]. 

Furthermore, in vitro experiments revealed that supplementing IL37 in BD patients significantly 
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suppresses these three pro-inflammatory cytokines [163]. There have also been suggestions of 

associations between BD and other cytokines such as IL15 and IL27; however, the data are still 

inadequate and sparse [44, 164–166].

3.1.5. Chemokines

The attraction of leukocytes to tissues is essential for inflammation and is controlled by che-

mokines, which are chemotactic cytokines [167]. Saruhan-Direskineli et al. observed sig-

nificantly higher α-chemokine CXCL10/IP10 CSF levels in neuro-BD patients compared to 
patients with non-inflammatory neurological disease (NIN) and multiple sclerosis, whereas 
CXCL8/IL8 was increased in neuro-BD compared to NIN [168]. El-Asrar et al. found higher 

levels of CXCL9/MIG, CXCL10/IP10 and CXCL11 in BD patients’ serum with uveitis [169], 

while its receptors CXCR3 expression were observed by Dalghous et al. to be higher in oral 
lesions biopsied form BD patients [140]. Recently, Ambrose et al. demonstrated significantly 
higher production of CXCL10/IP10 in blood monocytes of BD patients stimulated with IFNγ 
compared to HC, rheumatoid arthritis, and systemic lupus erythematosus controls [170]. 

There is even more robust evidence for CXCL8/IL8, a potent neutrophil chemoattractant, 
being implicated in BD pathogenesis, with some of the authors proposing that it could be 

a marker for vascular involvement and a more reliable marker for disease activity than the 

C-reactive protein or erythrocyte sedimentation rate [171–174].

In regard to β-chemokines, Ozer et al. found significantly elevated levels of MCP1/CCL2, 
MIP1α/CCL3, and RANTES/CCL5 in active BD serum than in HC [175]. Similarly, Kökçam 
and Kim and their respective colleagues in two separate studies demonstrated high levels of 
MIP1α/CCL3 [176, 177] while Kaburaki et al. and Do et al. found higher levels of MCP1/CCL2 
in BD patients compared to HC [178, 179]. In CSF of neuro-BD patients, Saruhan-Direskeneli 

et al. and Miyagishi et al. both demonstrated significantly higher levels of MIP1α/CCL3 com-

pared to NIN [168, 180].

The emerging evidence of a complex cytokine and chemokine network interplay involved 

in the pathogenesis of BD, the identification of candidate gene including cytokine polymor-

phisms and the proven potency of anti-cytokines treatment shed more light on the fundamen-

tal role of cytokines and chemokines in BD. Perhaps cytokine and/or chemokine gene therapy, 

which has been used in cancer therapy, though not extremely impressive but nonetheless 

promising, may offer a novel yet powerful approach in the treatment of BD in the future.

3.2. The innate immune network

3.2.1. Neutrophil hyperfunction and endothelial cell activation

Becatti et al. demonstrated significant enhancement in leukocyte reactive oxygen species 
(ROS) production particularly by neutrophils in BD patients and only neutrophil-derived 

ROS (but not lymphocyte- or monocyte-derived ROS) showed a significant correlation with 
fibrinogen carbonyl content, highlighting neutrophil activation as the promoter of fibrinogen 
oxidation and thrombus formation in BD [181] supporting similar finding in several previous 
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studies [182, 183]. Increasing evidence supports a role for neutrophil/lymphocyte ratio (NLR) 
as a cheap and simple disease activity marker in BD. NLR has been proposed as a surrogate 
marker for endothelial dysfunction and inflammation, and several authors have proposed the 
use of NLR as part of evaluation for disease activity in BD [184–187].

3.2.2. Innate lymphoid cells (ILCs)

Groundbreaking studies over recent years have formally identified innate lymphoid cells 
(ILCs) as a distinct arm of the innate immune system, comprising of the classic cytotoxic natu-
ral killer (NK) cells, lymphoid tissue inducer cells, and non-cytotoxic ILC populations [188]. 
Besides controlling tissue homeostasis, it has the ability to promote inflammation at muco-
sal and surface barriers [188]. Yamaguchi et al. reported that NK cells are actively involved 
in the induction and maintenance of disease remission in BD patients, through NK2 polar-
ization [189] while Takeno et al. from their study concluded that abnormal killer inhibitory 
receptor (KIR) expression of NK cells may be associated with the development of BD [190]. 
Furthermore, ILCs have been recently shown as an important source of cytokines production 
[188, 191, 192]. The recent discovery of this latest group of diverse immune cells with its many 
emerging diverse roles in autoimmunity and inflammation may redefine or rather perhaps 
reinforce our understanding of the pathogenesis of BD in the future.

3.3. Inflammasomes

The inflammasome has been shown to be a key regulator of IL1β and IL18 via direct activa-
tion of caspase-1 [173–194]. Liang et al. demonstrated production of IL-1β was significantly 
decreased in ocular BD patients after the Nod-like receptor protein 3 (NLRP3) inflammasome 
was downregulated [195] while Kim et al. showed that the basal and LPS-induced expres-
sions of NLRP3 inflammasome components were significantly increased at both mRNA and 
protein levels in BD patients [196]. Conversely, Türe-Özdemir and his team were not able to 
find any difference in DC and neutrophils of BD patients compared to HC after stimulating 
caspase-1 activation [197].

3.4. Autoantibodies

There have been several studies implicating certain autoantibodies in BD, but all are nei-
ther non-specific nor sensitive and are of limited clinical significance. Among them the most 
described were anti-Saccharomyces cerevisiae antibodies (ASCAs) [198–201] and anti-endothe-
lial cell antibodies (AECAs) [202–205]. ASCAs were linked more to gastrointestinal mani-
festations in BD [198–202] and their healthy relatives [201]. AECA has been implicated with 
vascular [202, 204] and intestinal [205] involvement in BD and several studies demonstrated 
that alpha-enolase is the target antigen of AECA in BD patients [203–205]. These positive 
results, however, were not replicated in certain other ethnic populations [206–208].

3.5. The host-microbe interaction in BD

The role of microbial triggers in BD has long been postulated since the disease was first 
described. Microbial heat shock proteins (HSPs) show significant homology with human 
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mitochondrial HSP and molecular mimicry is suggested as the mechanism of pathology exac-

erbating BD when patients were exposed to these foreign antigens. While both streptococci 

and herpes simplex virus have garnered the most particular interest among researchers [209–

214], evidence of exposure to other microbes such as staphylococci and mycobacteria has also 

been reported [215, 216]. Nonetheless, conflicting reports have been published and a specific 
pathogen has yet to be identified.

3.5.1. Microbiome: the rapidly re-emerging hypothesis in inflammatory disorders

Microbiome is a term first described by Lederberg in 2001 describing the microbial ecosystem 
[217], but it was Metchnikoff more than a centenary ago who hypothesized that the micro-

biota might influence the balance between pro-inflammatory and regulatory host responses 
and that alterations in the composition of the microbiota (a process that is known as dysbio-

sis) could jeopardize host immune responses [218]. Recent evidence indicates the possible 

contribution of the intestinal microbiota to immunological diseases outside the gut [218, 219].

The advent of the 16S ribosomal RNA (16S rRNA) sequencing technology over the past quarter 

century has identified a comprehensive human microbiota far more comprehensive than we 
ever imagined. Despite the emergence of newer application such as metagenomics [220], due 

to the nature of the rRNA genes that are highly conserved and evolutionarily stable but differ 
in their hypervariable regions enables identification of species, and owing to a confluence of 
methodological advancements, 16S rRNA has re-emerged as a stand-alone molecular tool [221].

BD patients seem to exhibit specific microbiome signature. Consolandi et al. compared 
fecal microbiota of BD patients and HC and found significantly depleted Roseburia and 
Subdoligranulum genera and butyrate production in BD patients [222] while Shimizu et al. also 

demonstrated gut dysbiosis in BD patients with significantly increased genera Bifidobacterium 
and Eggerthella and decreased genera Megamonas and Prevotella compared to HC [223].

Several authors also identified salivary dysbiosis among BD patients. Seoudi et al. found in BD 
patients an increased colonization of Rothia dentocariosa at non-ulcer oral sites, while the ulcer 

sites were highly colonized with Strep salivarius compared to recurrent aphthous stomatitis 

(RAS) patients, and with Strep sanguinis compared to HC, who were more highly colonized with 

Neisseria and Veillonella [224]. Coit et al. found significantly less diverse microbial structure 
in stimulated saliva samples in BD patients both with and without immunosuppressant [225].

3.6. Other possible markers

There are other possible molecular markers that have been or are still under investigations. 

Fecal calprotectin (FC) were demonstrated to be significantly elevated in intestinal BD in 
several studies [226–228], and interestingly Özşeker et al. demonstrated high fecal FC levels 
in asymptomatic but endoscopically proven BD patients with intestinal involvement [226]. 

Vascular endothelial growth factor (VEGF) levels have been observed in BD patients, par-

ticularly in active BD [229–232]. Several studies provided evidence for the increased levels of 

markers for endothelial activation or dysfunction such as vascular and intercellular adhesion 

molecules VCAM1, ICAM1, Selectins, and YKL40 in BD [233–238]. Various authors explored 
the association between certain genetic mutations and thrombosis in BD; however, results 
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have been inconclusive [239–244], and current data indicate that the pathogenesis of throm-

bosis in BD is not due to a coagulation abnormality [245].

The immunomodulatory role of vitamin D is of increasing interest, and several in vitro stud-

ies have demonstrated downregulation of inflammation by vitamin D [246–249]. Moreover, 

hypovitaminosis D had been implicated in various inflammatory disorders including BD 
[250–255]. Further investigations from different ethnic populations may provide further 
insights to this potentially clinically relevant knowledge of vitamin D as a potential suppres-

sor of inflammatory response in BD.

4. Gaps and future directions

Efforts to develop biomarkers in BD have been confounded by substantial impediments and 
challenges and the greatest is probably due to the rare nature of the disease, while others 

include the complex role of the susceptibility genes and related cytokines, chemokines and 

other signaling molecules, variability of duration and severity of the disease, as well as varia-

tions between different geographical areas and the limited number of patient samples.

Standardization and quality assurance are significant hurdles and collaboration between lab-

oratories at different centers to standardize protocols and assays is essential. There are clear 
similarities and differences across different ethnic groups phenotypically and at a genetic or 
molecular level. So far, clinical data trials support the critical role of innate cytokines TNF, 

IL1, and IL6 in the development of inflammatory episodes of BD, and targeting T cells or B 
cells may provide favorable results [256]. In this era of personalized and precision medicine, 

collaborative efforts nationally or internationally are needed to assemble adequately powered 
cohorts to perform further population- or regional-based molecular and genetic studies.

One possible way to move forward is broadening the classification criteria to combine objec-

tive clinical indicators and biomarkers, but despite the emergence of these candidate markers, 

there is still a lack of sufficient widespread evidence to support their implementation and 
incorporation into the contemporary classification criteria. In the meantime, it must be noted 
that BD remains fundamentally a clinical diagnosis.

Many questions remain a conundrum including (1) which patients will develop a more severe 

form of disease, (2) who will be resistant to certain therapy, (3) which patients with recurrent 

aphthous ulcers will progress to develop BD, and (4) who will benefit the most from a particu-

lar therapy. The search remains a highly scientific priority, but until we find the biomarkers, 
likelihood is, many of these questions will remain uncertain.

5. Conclusions

It has been a long, challenging journey in search of biomarkers in Behçet’s disease. There are 

clear genetic and molecular similarities and variability between different ethnic populations. 

Behcet's Disease40



Collaborative efforts nationally or internationally are needed to assemble sufficiently pow-

ered sample size to perform further population- or regional-based molecular and/or genetic 

studies in the search for the elusive “magic bullet” as the signature marker that will revolu-

tionize the field of BD.

Author details

Fahd Adeeb1,3*, Maria Usman Khan1,3, Austin G. Stack2,3 and Alexander D. Fraser1,3

*Address all correspondence to: fahd_adeeb@yahoo.com

1 Department of Rheumatology, University Hospital Limerick, Limerick, Ireland

2 Department of Nephrology, University Hospital Limerick, Limerick, Ireland

3 Graduate Entry Medical School, University of Limerick, Limerick, Ireland

References

[1] Davatchi F, Chams-Davatchi C, Shams H, Shahram F, Nadji A, Akhlaghi M, et al. 

Behcet’s disease: Epidemiology, clinical manifestations, and diagnosis. Expert Review 

of Clinical Immunology. 2017;13:57–65

[2] Fitzgerald CW, Adeeb F, Timon CV, Shine NP, Fraser AD, Hughes JP. Significant laryn-

geal destruction in a northern European cohort of Behçet’s disease patients. Clinical and 

Experimental Rheumatology. 2015;33(6 Suppl 94):S123–S128

[3] Emmungil H, Yaşar Bilge NŞ, Küçükşahin O, Kılıç L, Okutucu S, Gücenmez S, et al. A 
rare but serious manifestation of Behçet’s disease: Intracardiac thrombus in 22 patients. 

Clinical and Experimental Rheumatology. 2014;32(4 Suppl 84):S87–S92

[4] Ohno S, Aoki K, Sugiura S, Nakayama E, Itakura K. Letter: HL-A5 and Behcet’s disease. 
Lancet. 1973;2:1383–1384

[5] Vaiopoulos G, Sfikakis PP, Hatzinikolaou P, Stamatelos G, Kaklamanis P. Adamantiadis-
Behçet’s disease in sisters. Clinical Rheumatology. 1996;15:382–384

[6] Woodrow JC, Graham DR, Evans CC. Behçet’s syndrome in HLA-identical siblings. 
British Journal of Rheumatology. 1990;29:225–227

[7] Koné-Paut I, Geisler I, Wechsler B, Ozen S, Ozdogan H, Rozenbaum M, et al. Familial 
aggregation in Behçet’s disease: High frequency in siblings and parents of pediatric pro-

bands. Journal of Pediatrics. 1999;135:89–93

[8] Gül A, Inanç M, Ocal L, Aral O, Koniçe M. Familial aggregation of Behçet’s disease in 
Turkey. Annals of the Rheumatic Diseases. 2000;59:622–625.

Etiology, Immunopathogenesis and Biomarkers in Behçet’s disease
http://dx.doi.org/10.5772/intechopen.68342

41



[9] Muers M. Complex disease: Ups and downs at the MHC. Nature Reviews Genetics. 

2011;12:456–457

[10] Verity DH, Marr JE, Ohno S, Wallace GR, Stanford MR. Behçet’s disease, the Silk Road and 
HLA-B51: Historical and geographical perspectives. Tissue Antigens. 1999;54:213–220

[11] Takeuchi M, Kastner DL, Remmers EF. The immunogenetics of Behçet’s disease: A com-

prehensive review. Journal of Autoimmunity. 2015;64:137–148

[12] McGonagle D, McDermott MF. A proposed classification of the immunological diseases. 
PLoS Medicine. 2006;3(8):e297

[13] McGonagle D, Aydin SZ, Gül A, Mahr A, Direskeneli H. ‘MHC-I-opathy’-unified 
concept for spondyloarthritis and Behçet disease. Nature Reviews Rheumatology. 

2015;11:731–740

[14] Mizuki N, Ota M, Kimura M, et al. Triplet repeat polymorphism in the transmembrane 
region of the MIC-A gene: A strong association of six GCT repetitions with Behcet dis-

ease. Proceedings of the National Academy of Sciences of the United States of America. 

1997;94:1298–1303

[15] Lee YH, Song GG. Associations between major histocompatibility complex class I chain-
related gene A polymorphisms and susceptibility to Behcet’s disease. A meta-analysis. 

Zeitschrift für Rheumatologie. 2015;74:714–721

[16] Meguro A, Inoko H, Ota M, Katsuyama Y, Oka A, Okada E, et al. Genetics of Behçet 
disease inside and outside the MHC. Annals of the Rheumatic Diseases. 2010;69:747–754

[17] Remmers EF, Cosan F, Kirino Y, Ombrello MJ, Abaci N, Satorius C, et al. Genome-wide 
association study identifies variants in the MHC class I, IL10, and IL23R-IL12RB2 regions 

associated with Behçet’s disease. Nature Genetics. 2010;42:698–702

[18] Mizuki N, Meguro A, Ota M, Ohno S, Shiota T, Kawagoe T, et al. Genome-wide asso-

ciation studies identify IL23R-IL12RB2 and IL10 as Behçet’s disease susceptibility loci. 

Nature Genetics. 2010;42:703–706

[19] Ombrello MJ, Kirino Y, de Bakker PI, Gül A, Kastner DL, Remmers EF. Behcet disease-
associated MHC class I residues implicate antigen binding and regulation of cell-medi-

ated cytotoxicity. Proceedings of the National Academy of Sciences of the United States 

of America. 2014;111:8867–8872

[20] Montes-Cano MA, Conde-Jaldón M, García-Lozano JR, Ortiz-Fernández L, Ortego-
Centeno N, Castillo-Palma MJ, et al. HLA and non-HLA genes in Behçet’s disease: A mul-
ticentric study in the Spanish population. Arthritis Research & Therapy. 2013;15(5):R145

[21] Hughes T, Coit P, Adler A, Yilmaz V, Aksu K, Düzgün N, et al. Identification of multiple 
independent susceptibility loci in the HLA region in Behçet’s disease. Nature Genetics. 

2013;45:319–324

[22] Hirschhorn JN, Daly MJ. Genome-wide association studies for common diseases and 
complex traits. Nature Reviews Genetics. 2005;6:95–108

Behcet's Disease42



[23] Fei Y, Webb R, Cobb BL, Direskeneli H, Saruhan-Direskeneli G, Sawalha AH. 
Identification of novel genetic susceptibility loci for Behçet’s disease using a genome-
wide association study. Arthritis Research & Therapy. 2009;11(3):R66

[24] Kirino Y, Bertsias G, Ishigatsubo Y, Mizuki N, Tugal-Tutkun I, Seyahi E, et al. Genome-
wide association analysis identifies new susceptibility loci for Behçet’s disease and epis-

tasis between HLA-B51 and ERAP1. Nature Genetics. 2013;45:202–207

[25] Hou S, Yang Z, Du L, Jiang Z, Shu Q, Chen Y, et al. Identification of a susceptibility 
locus in STAT4 for Behçet’s disease in Han Chinese in a genome-wide association study. 

Arthritis & Rheumatology. 2012;64:4104–4113

[26] Kappen JH, Medina-Gomez C, Hagen PMv, Stolk L, Estrada K, Rivadeneira F, et al. 
Genome-wide association study in an admixed case series reveals IL12A as a new candi-

date in Behçet disease. PLoS One. 2015;10(3):e0119085

[27] Kilpinen H, Barrett JC. How next-generation sequencing is transforming complex dis-

ease genetics. Trends Genetics. 2013;29:23–30

[28] Nelson RM, Pettersson ME, Carlborg Ö. A century after Fisher: Time for a new paradigm 
in quantitative genetics. Trends Genetics. 2013;29:669–676

[29] Tennessen JA, Bigham, AW, O’Connor TD, Fu W, Kenny EE, Gravel S, et al. Evolution 
and functional impact of rare coding variation from deep sequencing of human exomes. 

Science. 2012;337:64–69

[30] Karasneh J, Gul A, Ollier WE, Silman AJ, Worthington J. Whole-genome screening for sus-

ceptibility genes in multicase families with Behcet’s disease. Arthritis & Rheumatology. 

2005;52:1836–1842

[31] Lee YJ, Horie Y, Wallace GR, Choi YS, Park JA, Choi JY, et al. Genome-wide association 
study identifies GIMAP as a novel susceptibility locus for Behcet’s disease. Annals of the 
Rheumatic Diseases. 2013;72:1510–1516

[32] Xavier JM, Shahram F, Sousa I, Davatchi F, Matos M, Abdollahi BS, et al. FUT2: Filling 
the gap between genes and environment in Behçet’s disease? Annals of the Rheumatic 

Diseases. 2015;74:618–624

[33] Wu Z, Zheng W, Xu J, Sun F, Chen H, Li P, et al. IL10 polymorphisms associated with 
Behcet’s disease in Chinese Han. Human Immunology. 2014;75:271–276

[34] Xavier JM, Shahram F, Davatchi F, Rosa A, Crespo J, Abdollahi BS, et al. Association 
study of IL10 and IL23R–IL12RB2 in Iranian patients with Behcet’s disease. Arthritis & 

Rheumatology. 2012;64:2761–2772

[35] Li H, Liu Q, Hou S, Du L, Zhou Q, Zhou Y, et al. TNFAIP3 gene polymorphisms confer 
risk for Behcet’s disease in a Chinese Han population. Human Genetics. 2013;132:293–300

[36] Hou S, Shu Q, Jiang Z, Chen Y, Li F, Chen F, et al. Replication study confirms the associa-

tion between UBAC2 and Behçet’s disease in two independent Chinese sets of patients 

and controls. Arthritis Research & Therapy. 2012;14(2):R70

Etiology, Immunopathogenesis and Biomarkers in Behçet’s disease
http://dx.doi.org/10.5772/intechopen.68342

43



[37] Kirino Y, Zhou Q, Ishigatsubo Y, Mizuki N, Tugal-Tutkun I, Seyahi E, et al. Targeted rese-

quencing implicates the familial Mediterranean fever gene MEFV and the toll-like recep-

tor 4 gene TLR4 in Behçet disease. Proceedings of the National Academy of Sciences of 

the United States of America. 2013;110:8134–8139

[38] Ognenovski M, Renauer P, Gensterblum E, Kötter I, Xenitidis T, Henes JC, et al. Whole 
exome sequencing identifies rare protein-coding variants in Behçet’s disease. Arthritis & 
Rheumatology. 2016;68:1272–1280

[39] Gül A. Genetics of Behçet’s disease: Lessons learned from genomewide association stud-

ies. Current Opinion in Rheumatology. 2014;26:56–63

[40] Morton LT, Situnayake D, Wallace GR. Genetics of Behçet’s disease. Current Opinion in 

Rheumatology. 2016;28:39–44

[41] Cohen S, Bigazzi PE, Yoshida T. Similarities of T cell function in cell-mediated immunity 
and antibody production. Cellular Immunology. 1974;12:150–159

[42] Nagafuchi H, Takeno M, Yoshikawa H, Kurokawa MS, Nara K, Takada E, Masuda C, 
Mizoguchi M, Suzuki N. Excessive expression of Txk, a member of the Tec family of 

tyrosine kinases, contributes to excessive Th1 cytokine production by T lymphocytes in 

patients with Behcet’s disease. Clinical & Experimental Immunology. 2005;139:363–370

[43] Hamzaoui K, Borhani Haghighi A, Ghorbel IB, Houman H. RORC and Foxp3 axis in cere-

brospinal fluid of patients with neuro-Behçet’s disease. Journal of Neuroimmunology. 
2011;233:249–253

[44] Ahn JK, Yu HG, Chung H, Park YG. Intraocular cytokine environment in active Behçet 
uveitis. American Journal of Ophthalmology. 2006;142:429–434

[45] Pay S, Erdem H, Pekel A, Simsek I, Musabak U, Sengul A, et al. Synovial proinflammatory 
cytokines and their correlation with matrix metalloproteinase-3 expression in Behçet’s 

disease. Does interleukin-1beta play a major role in Behçet’s synovitis? Rheumatology 

International. 2006;26:608–613

[46] Ertenli I, Kiraz S, Calgüneri M, Celik I, Erman M, Haznedaroglu IC. Synovial fluid 
cytokine levels in Behçet’s disease. Clinical and Experimental Rheumatology. 2001;19(5 

Suppl 24):S37–S41

[47] Gül A, Tugal-Tutkun I, Dinarello CA, Reznikov L, Esen BA, Mirza A, et al. Interleukin-

1β-regulating antibody XOMA 052 (gevokizumab) in the treatment of acute exacerba-

tions of resistant uveitis of Behcet’s disease: An open-label pilot study. Annals of the 

Rheumatic Diseases. 2012;71:563–566

[48] Tugal-Tutkun I, Kadayifcilar S, Khairallah M, Lee SC, Ozdal P, Özyazgan Y, et al. Safety 
and efficacy of gevokizumab in Patients with Behçet’s disease uveitis: Results of an 
exploratory phase 2 study. Ocular Immunology and Inflammation. 2016;30:1–9

[49] Düzgün N, Ayaşlioğlu E, Tutkak H, Aydintuğ OT. Cytokine inhibitors: Soluble tumor 
necrosis factor receptor 1 and interleukin-1 receptor antagonist in Behçet’s disease. 

Rheumatology International. 2005;25:1–5

Behcet's Disease44



[50] Emmi G, Talarico R, Lopalco G, Cimaz R, Cantini F, Viapiana O, et al. Efficacy and safety 
profile of anti-interleukin-1 treatment in Behçet’s disease: A multicenter retrospective 
study. Clinical Rheumatology. 2016;35:1281–1286

[51] Cantarini L, Vitale A, Scalini P, Dinarello CA, Rigante D, Franceschini R, et al. Anakinra 

treatment in drug-resistant Behçet’s disease: A case series. Clin Rheumatol 2015; 34: 

1293–301

[52] Vitale A, Rigante D, Caso F, Brizi MG, Galeazzi M, Costa L, et al. Inhibition of interleu-

kin-1 by canakinumab as a successful mono-drug strategy for the treatment of refractory 

Behçet’s disease: A case series. Dermatology. 2014;228:211–214

[53] Vallet H, Riviere S, Sanna A, Deroux A, Moulis G, Addimanda O, et al. Efficacy of 
anti-TNF alpha in severe and/or refractory Behçet’s disease: Multicenter study of 124 

patients. Journal of Autoimmunity. 2015;62:67–74

[54] Arida A, Fragiadaki K, Giavri E, Sfikakis PP. Anti-TNF agents for Behçet’s disease: 
Analysis of published data on 369 patients. Seminars in Arthritis & Rheumatology. 

2011;41:61–70

[55] Addimanda O, Pipitone N, Pazzola G, Salvarani C. Tocilizumab for severe refrac-

tory neuro-Behçet: Three cases IL-6 blockade in neuro-Behçet. Seminars in Arthritis & 

Rheumatology. 2015;44:472–475

[56] Shapiro LS, Farrell J, Borhani Haghighi A. Tocilizumab treatment for neuro-Behcet’s 
disease, the first report. Clinical Neurology and Neurosurgery. 2012;114:297–298

[57] Urbaniak P, Hasler P, Kretzschmar S. Refractory neuro-Behçet treated by tocilizumab: 
A case report. Clinical and Experimental Rheumatology. 2012;30(3 Suppl 72):S73–S75

[58] Deroux A, Chiquet C, Bouillet L. Tocilizumab in severe and refractory Behcet’s disease: 

Four cases and literature review. Seminars in Arthritis & Rheumatology. 2016;45:733–737

[59] Calvo-Rio V, de la Hera D, Beltran-Catalan E, Blanco R, Hernandez M, Martinez-Costa 
L, et al. Tocilizumab in uveitis refractory to other biologic drugs: A study of 3 cases and a 

literature review. Clinical and Experimental Rheumatology. 2014;32(4 Suppl 84):S54–S57

[60] Kotter I, Zierhut M, Eckstein A, Vonthein R, Ness T, Günaydin I, et al. Human recom-

binant interferon-alpha2a (rhIFN alpha2a) for the treatment of Behcet’s disease with 

sight-threatening retinal vasculitis. Advances in Experimental Medicine and Biology. 

2003;528:521–523

[61] Alpsoy E, Durusoy C, Yilmaz E, Ozgurel Y, Ermis O, Yazar S, et al. Interferon alfa-2a 
in the treatment of Behcet disease: A randomized placebo-controlled and double-blind 

study. Archives of Dermatology. 2002;138:467–471

[62] Calguneri M, Ozturk MA, Ertenli I, Kiraz S, Apraş S, Ozbalkan Z, et al. Effects of inter-

feron alpha treatment on the clinical course of refractory Behcet’s disease: An open 

study. Annals of the Rheumatic Diseases. 2003;62:492–493

Etiology, Immunopathogenesis and Biomarkers in Behçet’s disease
http://dx.doi.org/10.5772/intechopen.68342

45



[63] Lightman S, Taylor SR, Bunce C, Longhurst H, Lynn W, Moots R, et al. Pegylated 

interferon-α-2b reduces corticosteroid requirement in patients with Behçet’s disease 
with upregulation of circulating regulatory T cells and reduction of Th17. Annals of the 

Rheumatic Diseases. 2015;74:1138–1144

[64] Arida A, Sfikakis PP. Anti-cytokine biologic treatment beyond anti-TNF in Behçet’s dis-

ease. Clinical and Experimental Rheumatology. 2014;32(4 Suppl 84):S149–S155

[65] Garlanda C, Dinarello CA, Mantovani A. The interleukin-1 family: Back to the future. 

Immunity. 2013;39:1003–1018

[66] Dinarello CA, van der Meer JW. Treating inflammation by blocking interleukin-1 in 
humans. Seminars in Immunology. 2013;25:469–484

[67] Yosipovitch G, Shohat B, Bshara J, Wysenbeek A, Weinberger A. Elevated serum inter-

leukin 1 receptors and interleukin 1B in patients with Behçet’s disease: Correlations with 

disease activity and severity. Israel Journal of Medical Sciences. 1995;31:345–348

[68] Hamzaoui K, Hamza M, Ayed K. Production of TNF-α and IL-1 in active Behcet’s dis-

ease. Journal of Rheumatology. 1990;17:1428–1429

[69] Oztas MO, Onder M, Gurer MA, Bukan N, Sancak B. Serum interleukin 18 and tumour 

necrosis factor-alpha levels are increased in Behcet’s disease. Clinical and Experimental 

Dermatology. 2005;30:61–3

[70] Musabak U, Pay S, Erdem H, Simsek I, Pekel A, Dinc A. Serum interleukin-18 levels in 

patients with Behçet’s disease. Is its expression associated with disease activity or clini-

cal presentations? Rheumatology International. 2006;26:545–550

[71] Hamzaoui K, Hamzaoui A, Guemira F, Bessioud M, Hamza M, Ayed K. Cytokine profile 
in Behçet’s disease patients. Relationship with disease activity. Scandinavian Journal of 
Rheumatology. 2002;31:205–210

[72] Schmitz J, Owyang A, Oldham E, Song Y, Murphy E, McClanahan TK, et al. IL-33, an 
interleukin-1-like cytokine that signals via the IL-1 receptor-related protein ST2 and 

induces T helper type 2-associated cytokines. Immunity. 2005;23:479–490

[73] Hamzaoui K, Kaabachi W, Fazaa B, Zakraoui L, Mili Boussen I, Haj Sassi F. Serum 
IL-33 levels and skin mRNA expression in Behcet’s disease. Clinical and Experimental 

Rheumatology. 2013;31(Suppl. 77):6–14

[74] Hamzaoui K, Bouali E, Hamzaoui A. Interleukin-33 and Behçet disease: Another cyto-

kine among others. Human Immunology. 2015;76:301–306

[75] Hamzaoui K, Borhani-Haghighi A, Kaabachi W, Hamzaoui A. Increased interleukin 33 
in patients with neuro-Behcet’s disease: Correlation with MCP-1 and IP-10 chemokines. 

Cellular & Molecular Immunology. 2014;11:613–616

[76] Kim DJ, Baek SY, Park MK, Park KS, Lee JH, Park SH, et al. Serum level of interleukin-33 
and soluble ST2 and their association with disease activity in patients with Behcet’s dis-

ease. Journal of Korean Medical Science. 2013;28:1145–1153

Behcet's Disease46



[77] Koca SS, Kara M, Deniz F, Ozgen M, Demir CF, Ilhan N, et al. Serum IL-33 level and IL-33 
gene polymorphisms in Behçet’s disease. Rheumatology International. 2015;35:471–477

[78] Mege JL, Dilsen N, Sanguedolce V, Gul A, Bongrand P, Roux H, et al. Overproduction 
of monocyte derived tumor necrosis factor alpha, interleukin (IL) 6, IL-8 and increased 

neutrophil superoxide generation in Behçet’s disease: A comparative study with familial 

Mediterranean fever and healthy subjects. Journal of Rheumatology. 1993;20:1544–1549

[79] Sayinalp N, Ozcebe OI, Ozdemir O, Haznedaroğlu IC, Dündar S, Kirazli S. Cytokines in 
Behçet’s disease. Journal of Rheumatology. 1996;23:321–322

[80] El Menyawi M, Fawzy M, Al-Nahas Z, Edris A, Hussein H, Shaker O, et al. Serum tumor 

necrosis factor alpha (TNF-α) level in patients with Behçet’s disease: Relation to clinical 
manifestations and disease activity. Egypt Rheumatologist. 2014;36:139–143

[81] Kwok SK, Park SH, Park MK, Cho ML, Seo SH, Ju JH, et al. Upregulation of macrophage 
migration inhibitory factor (MIF) production from peripheral blood mononuclear cells 

(PBMCs) stimulated by tumor necrosis factor (TNF)-α in patients with Behcet’s syn-

drome. Journal of the Korean Rheumatism Association. 2007;14:112–117

[82] Jiang Z, Hennein L, Tao Y, Tao L. Interleukin-23 receptor gene polymorphism may 
enhance expression of the IL-23 receptor, IL-17, TNF-α and IL-6 in Behcet’s disease. 
PLoS One. 2015;10(7):e0134632

[83] Takeuchi M, Karasawa Y, Harimoto K, Tanaka A, Shibata M, Sato T, et al. Analysis of Th 
cell-related cytokine production in Behçet disease patients with uveitis before and after 

infliximab treatment. Ocular Immunology and Inflammation. 2016;12:1–10

[84] Touma Z, Farra C, Hamdan A, Shamseddeen W, Uthman I, Hourani H, et al. TNF 

polymorphisms in patients with Behçet disease: A meta-analysis. Archives of Medical 

Research. 2010;41:142–146

[85] Zhang M, Xu WD, Wen PF, Liang Y, Liu J, Pan HF, et al. Polymorphisms in the tumor 
necrosis factor gene and susceptibility to Behcet’s disease: An updated meta-analysis. 

Molecular Vision. 2013;19:1913–1924

[86] Cantarini L, Pucino V, Vitale A, Talarico R, Lucherini OM, Magnotti F, et al. Immuno-
metabolic biomarkers of inflammation in Behçet’s disease: Relationship with epide-

miological profile, disease activity and therapeutic regimens. Clinical & Experimental 
Immunology. 2016;184:197–207

[87] Shaker OG, Tawfic SO, El-Tawdy AM, El-Komy MH, El Menyawi M, Heikal AA. 
Expression of TNF-α, APRIL and BCMA in Behcet’s disease. Journal of Immunology 
Research. 2014;2014:380405

[88] Düzgün N, Ayaslioglu E, Tutkak H. Serum soluble CD30 levels in Behçet’s disease. 

Clinical and Experimental Rheumatology. 2004;22(4 Suppl 34):S17–S20

[89] Hamzaoui K, Hamzaoui A, Kahan A, Hamza M, Chabbou A, Ayed K. Interleukin-6 in 
peripheral blood and inflammatory sites in Behçet’s disease. Mediators of Inflammation. 
1992;1:281–285

Etiology, Immunopathogenesis and Biomarkers in Behçet’s disease
http://dx.doi.org/10.5772/intechopen.68342

47



[90] Yamakawa Y, Sugita Y, Nagatani T, Takahashi S, Yamakawa T, Tanaka S, et al. Interl-
eukin-6 (IL-6) in patients with Behçet’s disease. Journal of Dermatological Science. 
1996;11:189–195

[91] Hirohata S, Isshi K, Oguchi H, Ohse T, Haraoka H, Takeuchi A, et al. Cerebrospinal 
fluid interleukin-6 in progressive Neuro-Behçet’s syndrome. Clinical Immunology and 
Immunopathology. 1997;82:12–17

[92] Akman-Demir G, Tüzün E, Içöz S, Yeşilot N, Yentür SP, Kürtüncü M, et al. Interleukin-6 
in neuro-Behçet’s disease: Association with disease subsets and long-term outcome. 

Cytokine. 2008;44:373–376

[93] Diamantopoulos AP, Hatemi G. Lack of efficacy of tocilizumab in mucocutaneous 
Behçet’s syndrome: Report of two cases. Rheumatology. 2013;52:1923–1924

[94] Cantarini L, Lopalco G, Vitale A, Coladonato L, Rigante D, Lucherini OM, et al. 
Paradoxical mucocutaneous flare in a case of Behçet’s disease treated with tocilizumab. 
Clinical Rheumatology. 2015;34:1141–1143

[95] Kötter I, Koch S, Vonthein R, Rückwaldt U, Amberger M, Günaydin I, et al. Cytokines, 
cytokine antagonists and soluble adhesion molecules in patients with ocular Behçet’s 

disease treated with human recombinant interferon-alpha2a. Results of an open study 

and review of the literature. Clinical and Experimental Rheumatology. 2005;23(4 Suppl 

38):S20–S26

[96] Pay S, Simsek I, Erdem H, Pekel A, Musabak U, Sengul A, et al. Dendritic cell sub-

sets and type I interferon system in Behçet’s disease: Does functional abnormality in 

plasmacytoid dendritic cells contribute to Th1 polarization? Clinical and Experimental 

Rheumatology. 2007;25(4 Suppl 45):S34–S40

[97] Liu X, Yang P, Wang C, Li F, Kijlstra A. IFN-alpha blocks IL-17 production by periph-

eral blood mononuclear cells in Behcet’s disease. Rheumatology. 2011;50:293–298

[98] Ohno S, Kato F, Matsuda H, Fujii N, Minagawa T. Detection of gamma interferon in the 
sera of patients with Behçet’s disease. Infection and Immunity. 1982;36:202–208

[99] Ahn JK, Seo JM, Yu J, Oh FS, Chung H, Yu HG. Down-regulation of IFN-gamma-
producing CD56+ T cells after combined low-dose cyclosporine/prednisone treat-

ment in patients with Behçet’s uveitis. Investigative Ophthalmology & Visual Science. 
2005;46:2458–2464

[100] Djaballah-Ider F, Chaib S, Belguendouz H, Talbi D, Touil-Boukoffa C. T cells activation 
and interferon-γ/nitric oxide production during Behçet disease: A study in Algerian 
patients. Ocular Immunology and Inflammation. 2012;20:215–217

[101] Na SY, Park MJ, Park S, Lee ES. Up-regulation of Th17 and related cytokines in Behçet’s 
disease corresponding to disease activity. Clinical and Experimental Rheumatology. 

2013;31(3 Suppl 77):32–40

[102] Shen H, Xia LP, Lu J. Elevated levels of interleukin-27 and effect on production of 
interferon-γ and interleukin-17 in patients with Behçet’s disease. Scandinavian Journal 
of Rheumatology. 2013;42:48–51

Behcet's Disease48



[103] Belguendouz H, Messaoudène D, Lahmar K, Ahmedi L, Medjeber O, Hartani D, et al. 
Interferon-γ and nitric oxide production during Behçet uveitis: Immunomodulatory 
effect of interleukin-10. Journal of Interferon & Cytokine Research. 2011;31:643–651

[104] Mesquida M, Molins B, Llorenç V, Sainz de la Maza M, Hernandez MV, Espinosa G, 
et al. Proinflammatory cytokines and C-reactive protein in uveitis associated with 
Behçet’s disease. Mediators of Inflammation. 2014;2014:396204

[105] Chi W, Zhu X, Yang P, Liu X, Lin X, Zhou H, et al. Upregulated IL-23 and IL-17 in 
Behçet patients with active uveitis. Investigative Ophthalmology & Visual Science. 
2008;49:3058–3064

[106] Sugita S, Kawazoe Y, Imai A, Yamada Y, Horie S, Mochizuki M. Inhibition of Th17 
differentiation by anti-TNF-alpha therapy in uveitis patients with Behçet’s disease. 
Arthritis Research & Therapy. 2012;14:R99

[107] Türkçüoğlu P, Arat YO, Kan E, Kan EK, Chaudhry IA, Koca S, et al. Association of 
disease activity with serum and tear IL-2 levels in Behçet disease. Ocular Immunology 

and Inflammation. 2016;24:313–318

[108] Akdeniz N, Esrefoglu M, Keleş MS, Karakuzu A, Atasoy M. Serum interleukin-2, inter-

leukin-6, tumour necrosis factor-alpha and nitric oxide levels in patients with Behcet’s 

disease. Annals of the Academy of Medicine, Singapore. 2004;33:596–599.

[109] Sugi-Ikai N, Nakazawa M, Nakamura S, Ohno S, Minami M. Increased frequencies of 

interleukin-2- and interferon-gamma-producing T cells in patients with active Behçet’s 

disease. Investigative Ophthalmology & Visual Science. 1998;39:996–1004.

[110] BenEzra D, Maftzir G, Kalichman I, Barak V. Serum levels of interleukin-2 receptor in 
ocular Behçet’s disease. American Journal of Ophthalmology. 1993;115:26–30

[111] Uchio E, Matsumoto T, Tanaka SI, Ohno S. Soluble intercellular adhesion molecule-1 

(ICAM-1), CD4, CD8 and interleukin-2 receptor in patients with Behçet’s disease 

and Vogt-Koyanagi-Harada’s disease. Clinical and Experimental Rheumatology. 
1999;17:179–184

[112] Alpsoy E, Cayirli C, Er H, Yilmaz E. The levels of plasma interleukin-2 and soluble 
interleukin-2R in Behçet’s disease: A marker of disease activity. Journal of Dermatology. 
1998;25:513–516

[113] Evereklioglu C1, Er H, Türköz Y, Cekmen M. Serum levels of TNF-alpha, sIL-2R, IL-6, 
and IL-8 are increased and associated with elevated lipid peroxidation in patients with 

Behçet’s disease. Mediators of Inflammation. 2002;11:87–93

[114] Guenane H, Hartani D, Chachoua L, Lahlou-Boukoffa OS, Mazari F, Touil-Boukoffa 
C. Production of Th1/Th2 cytokines and nitric oxide in Behçet’s uveitis and idiopathic 

uveitis. Journal Francais D’Ophtalmologie. 2006;29:146–152

[115] Belguendouz H, Messaoudene D, Hartani D, Chachoua L, Ahmedi ML, Lahmar-

Belguendouz K, et al. Effect of corticotherapy on interleukin-8 and -12 and nitric oxide 
production during Behçet and idiopathic uveitis. Journal Francais D’Ophtalmologie. 
2008;31:387–395

Etiology, Immunopathogenesis and Biomarkers in Behçet’s disease
http://dx.doi.org/10.5772/intechopen.68342

49



[116] Ahmedi ML, Belguendouz H, Messaoudene D, Mesbah-Amroun H, Terahi M, Lahlou-

Boukoffa OS, et al. Influence of steroid hormones on the production of two inflammatory 
markers, IL-12 and nitric oxide, in Behçet’s disease. Journal Francais D’Ophtalmologie. 
2016;39:333–340

[117] Frassanito MA, Dammacco R, Cafforio P, Dammacco F. Th1 polarization of the immune 
response in Behçet’s disease: A putative pathogenetic role of interleukin-12. Arthritis & 

Rheumatology. 1999;42:1967–1974

[118] Turan B, Gallati H, Erdi H, Gürler A, Michel BA, Villiger PM. Systemic levels of the T 
cell regulatory cytokines IL-10 and IL-12 in Behçet’s disease; soluble TNFR-75 as a bio-

logical marker of disease activity. Journal of Rheumatology. 1997;24:128–132

[119] Teng MW, Bowman EP, McElwee JJ, Smyth MJ, Casanova JL, Cooper AM, et al. IL-12 
and IL-23 cytokines: from discovery to targeted therapies for immune-mediated inflam-

matory diseases. Nature Medicine. 2015;21:719–729

[120] Habibagahi Z, Habibagahi M, Heidari M. Raised concentration of soluble form of vas-

cular endothelial cadherin and IL-23 in sera of patients with Behçet’s disease. Modern 

Rheumatology. 2010;20:154–159

[121] Gheita TA, Gamal SM, Shaker I, El Fishawy HS, El Sisi R, Shaker OG, et al. Clinical sig-

nificance of serum interleukin-23 and A/G gene (rs17375018) polymorphism in Behçets 
disease: Relation to neuro-Behçet, uveitis and disease activity. Joint Bone Spine. 
2015;82:213–215

[122] Baerveldt EM, Kappen JH, Thio HB, van Laar JA, van Hagen PM, Prens EP. Successful 
long-term triple disease control by ustekinumab in a patient with Behcet’s disease, pso-

riasis and hidradenitis suppurativa. Annals of the Rheumatic Diseases. 2013;72:626–627

[123] Watford, WT, Hissong BD, Bream JH, Kanno Y, Muul L, O’Shea JJ. Signaling by 
IL-12 and IL-23 and the immunoregulatory roles of STAT4. Immunological Reviews. 

2004;202:139–156

[124] Trinchieri, G. Interleukin-12 and the regulation of innate resistance and adaptive 

immunity. Nature Reviews Immunology. 2003;3:133–146

[125] Parham C, Chirica M, Timans J, Vaisberg E, Travis M, Cheung J, et al. A receptor for the 
heterodimeric cytokine IL-23 is composed of IL-12Rβ1 and a novel cytokine receptor 
subunit, IL-23R. Journal of Immunology. 2002;168:5699–5708

[126] Tulunay A, Dozmorov MG, Ture-Ozdemir F, Yilmaz V, Eksioglu-Demiralp E, Alibaz-
Oner F, et al. Activation of the JAK/STAT pathway in Behcet’s disease. Genes & 
Immunity. 2015;16:176

[127] Chi W, Yang P, Zhu X, Wang Y, Chen L, Huang X, et al. Production of interleukin-17 in 
Behçet’s disease is inhibited by cyclosporin A. Molecular Vision. 2010;16:880–886

[128] Cai T, Wang Q, Zhou Q, Wang C, Hou S, Qi J, et al. Increased expression of IL-22 is 
associated with disease activity in Behcet’s disease. PLoS One. 2013;8:e59009

Behcet's Disease50



[129] Yasuoka H, Chen Z, Takeuchi T, Kuwana M. Th17 is involved in the pathogenesis of 
Bechet’s disease via CCL20-CCR6 axis. Arthritis Research & Therapy. 2012;14(Suppl 1):P79

[130] Cordero-Coma M, Calleja S, Llorente M, Rodriguez E, Franco M, Ruiz de Morales JG. 
Serum cytokine profile in adalimumab-treated refractory uveitis patients: Decreased 
IL-22 correlates with clinical responses. Ocular Immunology and Inflammation. 
2013;21:212–219

[131] Chi W, Zhou S, Yang P, Chen L. CD4+ T cells from Behcet patients produce high levels 
of IL-17. Eye Science. 2011;26:65–69

[132] Shimizu J, Takai K, Fujiwara N, Arimitsu N, Ueda Y, Wakisaka S, et al. Excessive CD4+ 
T cells co-expressing interleukin-17 and interferon-γ in patients with Behçet’s disease. 
Clinical & Experimental Immunology. 2012;168:68–74

[133] Al-Zifzaf DS, Mokbel AN, Abdelaziz DM. Interleukin-17 in Behçet’s disease: Relation 

with clinical picture and disease activity. Egyptian Rheumatology and Rehabilitation. 

2015;42:34–38

[134] Nurieva R, Yang XO, Martinez G, Zhang Y, Panopoulos AD, Ma L, et al. Essential 
autocrine regulation by IL-21 in the generation of inflammatory T cells. Nature. 
2007;448:480–483

[135] Geri G, Terrier B, Rosenzwajg M, Wechsler B, Touzot M, Seilhean D, et al. Critical role of 

IL-21 in modulating T(H)17 and regulatory T cells in Behçet disease. Journal of Allergy 
and Clinical Immunology. 2011;128:655–664

[136] Houman H, Hamzaoui A, Ben Ghorbal I, Khanfir M, Feki M, Hamzaoui K. Abnormal 
expression of chemokine receptors in Behçet’s disease: Relationship to intracellular Th1/

Th2 cytokines and to clinical manifestations. Journal of Autoimmunity. 2004;23:267–273

[137] Koarada S, Haruta Y, Tada Y, Ushiyama O, Morito F, Ohta A, et al. Increased entry of 
CD4+ T cells into the Th1 cytokine effector pathway during T cell division following 
stimulation in Behcet’s disease. Rheumatology. 2004;43:843–851

[138] Raziuddin S, al-Dalaan A, Bahabri S, Siraj AK, al-Sedairy S. Divergent cytokine pro-

duction profile in Behçet’s disease. Altered Th1/Th2 cell cytokine pattern. Journal of 
Rheumatology. 1998;25:329–333

[139] Aridogan BC, Yildirim M, Baysal V, Inaloz HS, Baz K, Kaya S. Serum levels of IL-4, 
IL-10, IL-12, IL-13 and IFN-gamma in Behçet’s disease. Journal of Dermatology. 
2003;30:602–607

[140] Dalghous AM, Freysdottir J, Fortune F. Expression of cytokines, chemokines, and che-

mokine receptors in oral ulcers of patients with Behcet’s disease (BD) and recurrent 

aphthous stomatitis is Th1-associated, although Th2-association is also observed in 

patients with BD. Scandinavian Journal of Rheumatology. 2006;35:472–475

[141] Ben Ahmed M, Houman H, Miled M, Dellagi K, Louzir H. Involvement of chemokines 
and Th1 cytokines in the pathogenesis of mucocutaneous lesions of Behçet’s disease. 

Arthritis & Rheumatology. 2004;50:2291–2295

Etiology, Immunopathogenesis and Biomarkers in Behçet’s disease
http://dx.doi.org/10.5772/intechopen.68342

51



[142] Gündüz E, Teke HU, Bilge NS, Cansu DU, Bal C, Korkmaz C, et al. Regulatory T cells 
in Behçet’s disease: Is there a correlation with disease activity? Does regulatory T cell 

type matter? Rheumatology International. 2013;33:3049–3054

[143] Nanke Y, Kotake S, Goto M, Ujihara H, Matsubara M, Kamatni N. Decreased percent-
ages of regulatory T cells in peripheral blood of patients with Behçet’s disease before 

ocular attack: A possible predictive marker of ocular attack. Modern Rheumatology. 
2008;18:354–358

[144] Sugita S, Yamada Y, Kaneko S, Horie S, Mochizuki M. Induction of regulatory T cells 
by infliximab in Behçet’s disease. Investigative Ophthalmology & Visual Science. 
2011;52:476–484

[145] Bandala-Sanchez E, Zhang Y, Reinwald S, Dromey JA, Lee BH, Qian J, et al. T cell regu-

lation mediated by interaction of soluble CD52 with the inhibitory receptor Siglec-10. 

Nature Immunology. 2013;14:741–748

[146] Mohammad AJ, Smith RM, Chow YW, Chaudhry AN, Jayne DR. Alemtuzumab 
as remission induction therapy in Behçet disease: A 20-year experience. Journal of 
Rheumatology. 2015;42:1906–1913

[147] Perez-Pampin E, Campos-Franco J, Blanco J, Mera A. Remission induction in a case 
of refractory Behçet disease with alemtuzumab. Journal of Clinical Rheumatology. 
2013;19:101–103

[148] Carding SR, Egan PJ. Gammadelta T cells: Functional plasticity and heterogeneity. 
Nature Reviews Immunology. 2002;2:336–345

[149] Hasan MS, Bergmeier LA, Petrushkin H, Fortune F. Gamma delta (γδ) T cells and their 
involvement in Behçet’s disease. Journal of Immunology Research. 2015;2015:705831

[150] Fortune F, Walker J, Lehner T. The expression of γδ T cell receptor and the preva-

lence of primed, activated and IgA-bound T cells in Behcet’s syndrome. Clinical & 

Experimental Immunology. 1990;82:326–332

[151] Suzuki Y, Hoshi K, Matsuda T, Mizushima Y. Increased peripheral blood gamma 
delta+ T cells and natural killer cells in Behçet’s disease. Journal of Rheumatology. 
1992;19:588–592

[152] Hamzaoui K, Hamzaoui A, Hentati F, Kahan A, Ayed K, Chabbou A, et al. Phenotype 
and functional profile of T cells expressing gamma delta receptor from patients with 
active Behçet’s disease. Journal of Rheumatology. 1994;21:2301–2306

[153] Hasan A, Fortune F, Wilson A, Warr K, Shinnick T, Mizushima Y, et al. Role of gamma 
delta T cells in pathogenesis and diagnosis of Behcet’s disease. Lancet. 1996;347:789–794

[154] Freysdottir J, Lau S, Fortune F. Gammadelta T cells in Behçet’s disease (BD) and recur-

rent aphthous stomatitis (RAS). Clinical & Experimental Immunology. 1999;118:451–457

[155] Bank I, Duvdevani M, Livneh A. Expansion of gammadelta T-cells in Behçet’s disease: 

Role of disease activity and microbial flora in oral ulcers. Journal of Laboratory and 
Clinical Medicine. 2003;141:33–40

Behcet's Disease52



[156] Verjans GM, van Hagen PM, van der Kooi A, Osterhaus AD, Baarsma GS. Vgam-
ma9Vdelta2 T cells recovered from eyes of patients with Behçet’s disease recognize non-
peptide prenyl pyrophosphate antigens. Journal of Neuroimmunology. 2002;130:46–54

[157] Triolo G, Accardo-Palumbo A, Dieli F, Ciccia F, Ferrante A, Giardina E, et al. Vgamma9/
Vdelta2 T lymphocytes in Italian patients with Behçet’s disease: Evidence for expan-

sion, and tumour necrosis factor receptor II and interleukin-12 receptor beta1 expres-

sion in active disease. Arthritis Research & Therapy. 2003;5:R262–R268

[158] Clemente A, Cambra A, Munoz-Saá I, Crespí C, Pallarés L, Juan A, et al. Phenotype 
markers and cytokine intracellular production by CD8+ gammadelta T lymphocytes 

do not support a regulatory T profile in Behçet’s disease patients and healthy controls. 
Immunology Letters. 2010;129:57–63

[159] Parlakgul G, Guney E, Erer B, Kılıcaslan Z, Direskeneli H, Gul A, et al. Expression of 
regulatory receptors on γδ T cells and their cytokine production in Behcet’s disease. 
Arthritis Research & Therapy. 2013;15:R15

[160] Nold MF, Nold-Petry CA, Zepp JA, Palmer BE, Bufler P, Dinarello CA. IL-37 is a funda-

mental inhibitor of innate immunity. Nature Immunology. 2010;11:1014–1022

[161] Bouali E, Kaabachi W, Hamzaoui A, Hamzaoui K. Interleukin-37 expression is 
decreased in Behçet’s disease and is associated with inflammation. Immunology 
Letters. 2015;167:87–94

[162] Ye Z, Wang C, Kijlstra A, Zhou X, Yang P. A possible role for interleukin 37 in the patho-

genesis of Behcet’s disease. Current Molecular Medicine. 2014;14:535–542

[163] Hamzaoui K, Hamzaoui A. The anti-inflammatory activity of interleukin-37 in Behçet’s 
disease. Inflammation and Cell Signaling. 2016;3:e1452

[164] Wang C, Tian Y, Ye Z, Kijlstra A, Zhou Y, Yang P. Decreased interleukin 27 expres-

sion is associated with active uveitis in Behçet’s disease. Arthritis Research & Therapy. 

2014;16:R117

[165] Curnow SJ, Pryce K, Modi N, Knight B, Graham EM, Stewart JE, et al. Serum cyto-

kine profiles in Behçet’s disease: Is there a role for IL-15 in pathogenesis? Immunology 
Letters. 2008;121:7–12

[166] Hamzaoui K, Hamzaoui A, Ghorbel I, Khanfir M, Houman H. Levels of IL-15 in serum 
and cerebrospinal fluid of patients with Behçet’s disease. Scandinavian Journal of 
Immunology. 2006;64:655–660

[167] Luster AD. Chemokines—Chemotactic cytokines that mediate inflammation. New 
England Journal of Medicine. 1998;338:436–445

[168] Saruhan-Direskeneli G, Yentür SP, Akman-Demir G, Işik N, Serdaroğlu P. Cytokines 
and chemokines in neuro-Behçet’s disease compared to multiple sclerosis and other 

neurological diseases. Journal of Neuroimmunology. 2003;145:127–134

[169] El-Asrar AM, Al-Obeidan SS, Kangave D, et al. CXC chemokine expression profiles 
in aqueous humor of patients with different clinical entities of endogenous uveitis. 
Immunobiology. 2011;216:1004–1009

Etiology, Immunopathogenesis and Biomarkers in Behçet’s disease
http://dx.doi.org/10.5772/intechopen.68342

53



[170] Ambrose N, Khan E, Ravindran R, Lightstone L, Abraham S, Botto M, et al. The 
exaggerated inflammatory response in Behçet’s syndrome: Identification of dysfunc-

tional post-transcriptional regulation of the IFN-γ/CXCL10 IP-10 pathway. Clinical & 
Experimental Immunology. 2015;181:427–433

[171] Durmazlar SP, Ulkar GB, Eskioglu F, Tatlican S, Mert A, Akgul A. Significance of serum 
IL-8 levels in patients with Behcet’s disease: High levels may indicate vascular involve-

ment. International Journal of Dermatology. 2009;48:259–264

[172] Mantas C, Direskeneli H, Oz D, Yavuz S, Akoglu T. IL-8 producing cells in patients 
with Behçet’s disease. Clinical and Experimental Rheumatology. 2000;18:249–251

[173] Katsantonis J, Adler Y, Orfanos CE, Zouboulis CC. Adamantiades-Behçet’s disease: 
Serum IL-8 is a more reliable marker for disease activity than C-reactive protein and 

erythrocyte sedimentation rate. Dermatology. 2000;201:37–39

[174] Erdem H, Pay S, Serdar M, Simşek I, Dinç A, Muşabak U, et al. Different ELR (+) 
angiogenic CXC chemokine profiles in synovial fluid of patients with Behçet’s disease, 
familial Mediterranean fever, rheumatoid arthritis, and osteoarthritis. Rheumatology 

International. 2005;26:162–167

[175] Ozer HT, Erken E, Gunesacar R, Kara O. Serum RANTES, MIP-1α, and MCP-1 levels in 
Behçet’s disease. Rheumatology International. 2005;25:487–488

[176] Kökçam I, Turgut D, Ilhan NF, Çiçek D. The levels of serum chemokines in patients 
with Behçet’s disease. Turkish Journal of Medical Sciences. 2012;42:1105–1110

[177] Kim WU, Do JH, Park KS, Cho ML, Park SH, Cho CS, et al. Enhanced production of 
macrophage inhibitory protein-1α in patients with Behçet’s disease. Scandinavian 
Journal of Rheumatology. 2005;34:129–135.

[178] Kaburaki T, Fujino Y, Kawashima H, Merino G, Numaga J, Chen J, et al. Plasma and 
whole-blood chemokine levels in patients with Behcet’s disease. Graefe’s Archive for 

Clinical and Experimental Ophthalmology. 2003;241:353–358

[179] Do JH, Jung JH, Park CS, Ko JS, Kim SS, Choi HC, et al. Elevated monocyte chemoat-
tractant protein-1 in patients with Behcet’s disease. Korean Journal of Medicine. 
2003;65:458–466

[180] Miyagishi R, Kikuchi S, Fukazawa T, Tashiro K. Macrophage inflammatory protein-1α 
in the cerebrospinal fluid of patients with multiple sclerosis and other inflammatory 
neurological diseases. Journal of the Neurological Sciences. 1995;129:223–227

[181] Becatti M, Emmi G, Silvestri E, Bruschi G, Ciucciarelli L, Squatrito D, et al. Neutrophil 
activation promotes fibrinogen oxidation and thrombus formation in Behçet disease. 
Circulation. 2016;133:302–311

[182] Köse K, Yazici C, Cambay N, Aşcioğlu O, Doğan P. Lipid peroxidation and erythro-

cyte antioxidant enzymes in patients with Behçet’s disease. The Tohoku Journal of 
Experimental Medicine. 2002;197:9–16

Behcet's Disease54



[183] Yazici C, Köse K, Caliş M, DemIr M, Kirnap M, Ateş F. Increased advanced oxida-
tion protein products in Behçet’s disease: A new activity marker? British Journal of 
Dermatology. 2004;151:105–111

[184] Yuksel M, Yildiz A, Oylumlu M, Turkcu FM, Bilik MZ, Ekinci A, et al. Novel markers 
of endothelial dysfunction and inflammation in Behçet’s disease patients with ocular 
involvement: Epicardial fat thickness, carotid intima media thickness, serum ADMA 
level, and neutrophil-to-lymphocyte ratio. Clinical Rheumatology. 2016;35:701–708

[185] Ozturk C, Balta S, Balta I, Demirkol S, Celik T, Turker T, et al. Neutrophil–lymphocyte 
ratio and carotid-intima media thickness in patients with Behçet disease without car-
diovascular involvement. Angiology. 2015;66:291–296

[186] Acikgoz N. The neutrophil-lymphocyte ratio and Behcet disease. Angiology. 2016; 
67:297

[187] Rifaioglu EN, Bülbül Şen B, Ekiz Ö, Cigdem Dogramaci A. Neutrophil to lymphocyte 
ratio in Behçet’s disease as a marker of disease activity. Acta Dermatovenerologica 
Alpina, Pannonica et Adriatica. 2014;23:65–67

[188] Artis D, Spits H. The biology of innate lymphoid cells. Nature. 2015;517:293–301

[189] Yamaguchi Y, Takahashi H, Satoh T, Okazaki Y, Mizuki N, Takahashi K, et al. Natural 
killer cells control a T-helper 1 response in patients with Behçet’s disease. Arthritis 
Research & Therapy. 2010;12:R80

[190] Takeno M, Shimoyama Y, Kashiwakura J, Nagafuchi H, Sakane T, Suzuki N. Abnormal 
killer inhibitory receptor expression on natural killer cells in patients with Behçet’s 
disease. Rheumatology International. 2004;24:212–216

[191] Diefenbach A, Colonna M, Koyasu S. Development, differentiation, and diversity of 
innate lymphoid cells. Immunity. 2014;41:354–365

[192] Walker JA, Barlow JL, McKenzie AN. Innate lymphoid cells—How did we miss them? 
Nature Reviews Immunology. 2013;13:75–87

[193] Schroder K, Tschopp, J. The inflammasomes. Cell. 2010;140:821–832

[194] Strowig T, Henao-Mejia J, Elinav E, Flavell R. Inflammasomes in health and disease. 
Nature. 2012;481:278–286

[195] Liang L, Tan X, Zhou Q, Zhu Y, Tian Y, Yu H, et al. IL-1β triggered by peptidoglycan 
and lipopolysaccharide through TLR2/4 and ROS-NLRP3 inflammasome-dependent 
pathways is involved in ocular Behçet’s disease. Investigative Ophthalmology & Visual 
Science. 2013;54:402–414

[196] Kim EH, Park MJ, Park S, Lee ES. Increased expression of the NLRP3 inflammasome 
components in patients with Behçet’s disease. Journal of Inflammation. 2015;12:41

[197] Türe-Özdemir F, Tulunay A, Elbasi MO, Tatli I, Maurer AM, Mumcu G, et al. Pro-
inflammatory cytokine and caspase-1 responses to pattern recognition receptor activation 
of neutrophils and dendritic cells in Behcet’s disease. Rheumatology. 2013;52:800–805

Etiology, Immunopathogenesis and Biomarkers in Behçet’s disease
http://dx.doi.org/10.5772/intechopen.68342

55



[198] Krause I, Monselise Y, Milo G, Weinberger A. Anti-Saccharomyces cerevisiae anti-
bodies—A novel serologic marker for Behçet’s disease. Clinical and Experimental 

Rheumatology. 2002;20(suppl 26):S21–S24

[199] Fresko I, Ugurlu S, Ozbakir F, Celik A, Yurdakul S, Hamuryudan V, et al. Anti-
Saccharomyces cerevisiae antibodies (ASCA) in Behçet’s syndrome. Clinical and 

Experimental Rheumatology. 2005;23(4 Suppl 38):S67–S70

[200] Choi CH, Kim TI, Kim BC, Shin SJ, Lee SK, Kim WH, et al. Anti-Saccharomyces cerevi-
siae antibody in intestinal Behçet’s disease patients: Relation to clinical course. Diseases 

of the Colon & Rectum. 2006;49:1849–1859

[201] Monselise A, Weinberger A, Monselise Y, Fraser A, Sulkes J, Krause I. Anti-
Saccharomyces cerevisiae antibodies in Behçet’s disease—A familial study. Clinical 

and Experimental Rheumatology. 2006;24(5 Suppl 42):S87–S90

[202] Aydìntug AO, Tokgöz G, D’Cruz DP, Gürler A, Cervera R, Düzgün N, et al. Antibodies 
to endothelial cells in patients with Behcet’s disease. Clinical Immunology and 

Immunopathology. 1993;67:157–162

[203] Lee KH, Chung HS, Kim HS, Oh SH, Ha MK, Baik JH, et al. Human alpha-enolase from 
endothelial cells as a target antigen of anti-endothelial cell antibody in Behçet’s disease. 

Arthritis & Rheumatology. 2003;48:2025–2035

[204] Lee JH, Cho SB, Bang D, Oh SH, Ahn KJ, Kim J, et al. Human anti-alpha-enolase anti-
body in sera from patients with Behçet’s disease and rheumatologic disorders. Clinical 

and Experimental Rheumatology. 2009;27(2 Suppl 53):S63–S66

[205] Shin SJ, Kim BC, Kim TI, Lee SK, Lee KH, Kim WH. Anti-alpha-enolase antibody as a 
serologic marker and its correlation with disease severity in intestinal Behçet’s disease. 

Digestive Diseases and Sciences. 2011;56:812–818

[206] Vaiopoulos G, Lakatos PL, Papp M, Kaklamanis F, Economou E, Zevgolis V, et al. 
Serum anti-Saccharomyces cerevisiae antibodies in Greek patients with Behcet’s dis-

ease. Yonsei Medical Journal. 2011;52:347–350

[207] Filik L, Biyikoglu I. Differentiation of Behcet’s disease from inflammatory bowel dis-

eases: Anti-Saccharomyces cerevisiae antibody and anti-neutrophilic cytoplasmic anti-

body. World Journal of Gastroenterology. 2008;14:7271

[208] Rhee SH, Kim YB, Lee ES. Comparison of Behcet’s disease and recurrent aphthous 
ulcer according to characteristics of gastrointestinal symptoms. Journal of Korean 
Medical Science. 2005;20:971–976

[209] Isogai E, Ohno S, Kotake S, Isogai H, Tsurumizu T, Fujii N, et al. Chemiluminescence 
of neutrophils from patients with Behçet’s disease and its correlation with an increased 

proportion of uncommon serotypes of Streptococcus sanguis in the oral flora. Archives 
of Oral Biology. 1990;35:43–8

Behcet's Disease56



[210] Yokota K, Hayashi S, Fujii N, et al. Antibody response to oral streptococci in Behçet’s 
disease. Microbiology and Immunology. 1992;36:815–822

[211] Mumcu G, Inanc N, Aydin SZ, Ergun T, Direskeneli H. Association of salivary S. 

mutans colonisation and mannose-binding lectin deficiency with gender in Behçet’s 
disease. Clinical and Experimental Rheumatology. 2009;27:S32–S36

[212] Hirohata S, Oka H, Mizushima Y. Streptococcal-related antigens stimulate production 
of IL6 and interferon-gamma by T cells from patients with Behcet’s disease. Cellular 

Immunology. 1992;140:410–419

[213] Studd M, McCance DJ, Lehner T. Detection of HSV-1 DNA in patients with Behçet’s 
syndrome and in patients with recurrent oral ulcers by the polymerase chain reaction. 

Medical Microbiology. 1991;34:39–43

[214] Kim DY, Cho S, Choi MJ, Sohn S, Lee E-S, Bang D. Immunopathogenic role of herpes 
simplex virus in Behçet’s disease. Genetics Research International. 2013;2013:638273

[215] Hatemi G, Bahar H, Uysal S, Mat C, Gogus F, Masatlioglu S, et al. The pustular 

skin lesions in Behcet’s syndrome are not sterile. Annals of the Rheumatic Diseases. 

2004;63:1450–1452

[216] Zouboulis CC, Turnbull JR, Mühlradt PF. Association of Mycoplasma fermentans with 
Adamantiades-Behçeťs disease. Advances in Experimental Medicine and Biology. 
2003;528:191–194

[217] Lederberg J, McCray AT. ‘Ome Sweet‘ omics—A genealogical treasury of words. 
Scientist. 2001;15:8

[218] Cerf-Bensussan N, Gaboriau-Routhiau V. The immune system and the gut microbiota: 
Friends or foes? Nature Reviews Immunology. 2010;10:735–744

[219] Cua DJ, Sherlock JP. Autoimmunity’s collateral damage: Gut microbiota strikes ‘back’. 
Nature Medicine. 2011;17:1055–1056

[220] Tringe SG, Rubin EM. Metagenomics: DNA sequencing of environmental samples. 

Nature Reviews Genetics. 2005;6:805–814

[221] Tringe SG, Hugenholtz P. A renaissance for the pioneering 16S rRNA gene. Current 
Opinion in Microbiology. 2008;11:442–446

[222] Consolandi C, Turroni S, Emmi G, Severgnini M, Fiori J, Peano C, et al. Behçet’s 
syndrome patients exhibit specific microbiome signature. Autoimmunity Reviews. 
2015;14:269–276

[223] Shimizu J, Kubota T, Takada E, Takai K, Fujiwara N, Arimitsu N, et al. Bifidobacteria 
abundance-featured gut microbiota compositional change in patients with Behcet’s 

disease. PLoS ONE. 2016;11:e0153746

Etiology, Immunopathogenesis and Biomarkers in Behçet’s disease
http://dx.doi.org/10.5772/intechopen.68342

57



[224] Seoudi N, Bergmeier LA, Drobniewski F, Paster B, Fortune F. The oral mucosal and 

salivary microbial community of Behçet’s syndrome and recurrent aphthous stomati-

tis. Journal of Oral Microbiology. 2015;7:27150

[225] Coit P, Mumcu G, Ture-Ozdemir F, Unal AU, Alpar U, Bostanci N, et al. Sequencing of 

16S rRNA reveals a distinct salivary microbiome signature in Behçet’s disease. Clinical 

Immunology. 2016;169:28–35

[226] Özşeker B, Şahin C, Özşeker HS, Efe SC, Kav T, Bayraktar Y. The role of fecal cal-
protectin in evaluating intestinal involvement of Behçet’s disease. Disease Markers. 

2016;2016:5423043

[227] Hatemi I, Hatemi G, Çelik AF. Systemic vasculitis and the gut. Current Opinion in 
Rheumatology. 2017;29:33–38

[228] Kim DH, Park Y, Kim B, Kim SW, Park SJ, Hong SP, et al. Fecal calprotectin as a non-

invasive biomarker for intestinal involvement of Behçet’s disease. J Gastroenterol 
Hepatol 2017; 32: 595–601

[229] Bae JH, Lee SC. Effect of intravitreal methotrexate and aqueous humor cytokine levels 
in refractory retinal vasculitis in Behcet disease. Retina. 2012;32:1395–1402

[230] Ozdamar Y, Berker N, Bahar G, Soykan E, Bicer T, Ozkan SS, et al. Inflammatory medi-
ators and posterior segment involvement in ocular Behcet disease. European Journal of 
Ophthalmology. 2009;19:998–1003

[231] Bozoglu E, Dinc A, Erdem H, Pay S, Simsek I, Kocar IH. Vascular endothelial growth 
factor and monocyte chemoattractant protein-1 in Behçet’s patients with venous throm-

bosis. Clinical and Experimental Rheumatology. 2005;23(4 Suppl 38):S42–S48

[232] Paroli MP, Teodori C, D’Alessandro M, Mariani P, Iannucci G, Paroli M. Increased vas-

cular endothelial growth factor levels in aqueous humor and serum of patients with 

quiescent uveitis. European Journal of Ophthalmology. 2007;17:938–942

[233] Kose O, Stewart J, Waseem A, Lalli A, Fortune F. Expression of cytokeratins, adhesion 
and activation molecules in oral ulcers of Behçet’s disease. Clinical and Experimental 

Dermatology. 2008;33:62–69

[234] Saglam K, Yilmaz MI, Saglam A, Ulgey M, Bulucu F, Baykal Y. Levels of circulating 
intercellular adhesion molecule-1 in patients with Behçet’s disease. Rheumatology 

International. 2002;21:146–148

[235] Haznedaroglu E, Karaaslan Y, Büyükaşik Y, Koşar A, Ozcebe O, Haznedaroglu BC, et 
al. Selectin adhesion molecules in Behçet’s disease. Annals of the Rheumatic Diseases. 

2000;59:61–63

[236] Sari RA, Kiziltunç A, Taysi S, Akdemir S, Gündoğdu M. Levels of soluble E-selectin in 
patients with active Behcet’s disease. Clinical Rheumatology. 2005;24:55–59

Behcet's Disease58



[237] Seo J, Ahn Y, Zheng Z, Kim BO, Choi MJ, Bang D, et al. Clinical significance of serum 
YKL-40 in Behçet disease. British Journal of Dermatology. 2016;174:1337–1344

[238] Bilen H, Altinkaynak K, Sebin E, Aksoy H, Akcay F. Serum YKL-40 and MDA levels in 
Behcet disease. Journal of the Pakistan Medical Association. 2016;66:1299–1302

[239] Ar MC, Hatemi G, Ekizoğlu S, Bilgen H, Saçli S, Buyru AN, et al. JAK2 (V617F) muta-

tion is not associated with thrombosis in Behcet syndrome. Clinical and Applied 

Thrombosis/Hemostasis. 2012;18:421–426

[240] Adeeb F, Tayel M, El Kaffash DM, Idris KM, Hassan MF, Fraser AD. Janus kinase 2 
V617F mutation and thrombotic events in Behcet’s disease: The Alexandria experience. 
European Journal of Rheumatology. 2016;3:73–74

[241] Silingardi M, Salvarani C, Boiardi L, Accardo P, Iorio A, Olivieri I, et al. Factor V Leiden 
and prothrombin gene G20210A mutations in Italian patients with Behçet’s disease and 

deep vein thrombosis. Arthritis & Rheumatology. 2004;51:177–183

[242] Leiba M, Seligsohn U, Sidi Y, Harats D, Sela BA, Griffin JH, et al. Thrombophilic factors 
are not the leading cause of thrombosis in Behçet’s disease. Annals of the Rheumatic 

Diseases. 2004;63:1445–1449

[243] Gurgey A, Balta G, Boyvat A. Factor V Leiden mutation and PAI-1 gene 4G/5G geno-

type in thrombotic patients with Behcet’s disease. Blood Coagulation & Fibrinolysis. 

2003;14:121–124

[244] Toydemir PB, Elhan AH, Tükün A, Toydemir R, Gürler A, Tüzüner A, et al. Effects 
of factor V gene G1691A, methylenetetrahydrofolate reductase gene C677T, and pro-

thombin gene G20210A mutations on deep venous thrombogenesis in Behçet’s disease. 

Journal of Rheumatology. 2000;27:2849–2854

[245] Seyahi E, Yurdakul S. Behçet’s syndrome and thrombosis. Mediterranean Journal of 
Hematology and Infectious Diseases. 2011;3:e2011026

[246] Guillot X, Semerano L, Saidenberg-Kermanac’h N, Falgarone G, Boissier MC. Vitamin 
D and inflammation. Joint Bone Spine. 2010;77:552–557

[247] Hamzaoui K, Ben Dhifallah I, Karray E, Sassi FH, Hamzaoui A. Vitamin D modulates 
peripheral immunity in patients with Behçet’s disease. Clinical and Experimental 

Rheumatology. 2010;28(4 Suppl 60):S50–S57

[248] Bscheider M, Butcher EC. Vitamin D immunoregulation through dendritic cells. 
Immunology. 2016;148:227–236

[249] Szymczak I, Pawliczak R. The active metabolite of vitamin D3 as a potential immuno-

modulator. Scandinavian Journal of Immunology. 2016;83:83–91

[250] Gatenby P, Lucas R, Swaminathan A. Vitamin D deficiency and risk for rheumatic dis-

eases: An update. Current Opinion in Rheumatology. 2013;25:184–191

Etiology, Immunopathogenesis and Biomarkers in Behçet’s disease
http://dx.doi.org/10.5772/intechopen.68342

59



[251] Karatay S, Yildirim K, Karakuzu A, Kiziltunc A, Engin RI, Eren YB, et al. Vitamin D 
status in patients with Behcet’s disease. Clinics (Sao Paulo) 2011;66:721–723

[252] Can M, Gunes M, Haliloglu OA, Haklar G, Inanç N, Yavuz DG, Direskeneli H. Effect 
of vitamin D deficiency and replacement on endothelial functions in Behçet’s disease. 
Clinical and Experimental Rheumatology. 2012;30(3 Suppl 72):S57–S61

[253] Khabbazi A, Rashtchizadeh N, Ghorbanihaghjo A, Hajialiloo M, Ghojazadeh M, Taei R, 
et al. The status of serum vitamin D in patients with active Behcet’s disease compared 

with controls. International Journal of Rheumatic Diseases. 2014;17:430–434

[254] Do JE, Kwon SY, Park S, Lee ES. Effects of vitamin D expression of Toll-like recep-

tor of monocytes from patients with Behcet’s disease. Rheumatology (Oxford). 

2008;47:840–848

[255] Kechida M, Harzallah O, Hellara I, Klii R, Na eti F, Najjar MF, et al. Vitamin D status 
of Behcet’s patients. Analysis of correlation with activity and severity of the disease as 

well as with the quality of life of patients. Int Arch Med 2015; 8: 1–7

[256] Gül A. Pathogenesis of Behçet’s disease: Autoinflammatory features and beyond. 
Seminars in Immunopathology. 2015;37:413–418

Behcet's Disease60


