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Behcet’s disease is a rare form of vasculitis that may
have systemic multiorgan involvement. Behcet’s disease was
first defined by Hulusi Behcet, a Turkish Professor of
Dermatology, in 1937 as a triad of recurrent aphthous
stomatitis, genital aphthae, and relapsing uveitis. As this
disease can be fatal, an immediate medical treatment is
mandatory. So far there is no specific pathological testing
or technique available for the diagnosis of the disease,
although the International Study Group criteria for the
disease are of good sensitivity and specificity. However,
quite a portion of patients are misdiagnosed or have been
delayed diagnosis. During the ensuing 65 years, multiple
systemic associations of the disease including articular,
vascular, gastrointestinal, cardiopulmonary, and neurologic
involvement have become increasingly apparent. Although
the etiology and pathogenesis is not clearly defined, genetic
predisposition, infections, and immunological dysfunctions
have been implicated. Behcet’s disease has been reported
worldwide but has a distinct geographic distribution, with
highest prevalences in countries along with the ancient silk
route. Although much has been learned during recent years
on the pathogenesis and treatment of the disease, it is still an
important cause of morbidity and mortality in areas where it
is prevalent.

The entitled “Musculoskeletal findings in Behcet’s disease”
addresses the musculoskeletal findings of Behcet’s disease,
the relationship between Behcet’s disease and spondy-
loarthropathy disease complex, and the status of bone
metabolism in patients with Behcet’s disease.

Professor Fereydoun Davatchi presents us the new diag-
nosis/classification criteria for Behcet’s disease. The author
finds that ICBD criteria have better sensitivity and accuracy
than ISG. In the paper is entitled “Pathophysiology of Behcet’s
disease”, and we think that there is some clinical evidence
suggesting that emotional stress and hormonal alterations
can influence the course and disease activity of BD. Pro-
fessor Erkan Alpsoy presents that the new evidence-based
treatment is mainly based on the suppression of inflamma-
tory attacks of the disease using immunomodulatory and
immunosuppressive agents. In this paper, current state of
knowledge regarding the therapeutic approaches is outlined.
To provide a rational framework for selecting the appropriate
therapy along with the various treatment choices, a stepwise,
symptom-based, evidence-based algorithmic approach was
developed. The fifth paper entitled “Genetics of Behçet’s
disease” describes HLA and non-HLA genetic association
studies in BD. In recent years, several genomewide asso-
ciation studies and genetic polymorphism studies have
also found new genetic associations with BD, which may
have a supplementary role in disease susceptibility and/or
severity. The paper entitled “Histopathological evaluation of
Behcet’s disease and identification of new different skin lesions”
proposes that there has been an increase in the studies
focusing on the histopathological aspects of Behcet’s disease
diagnostic mucocutaneous lesions. Their results emphasize
the value of histopathology and direct immunofluorescence
(DIF) in the differential diagnosis of Behcet’s disease.

Tuba Kara and Duygu Dusmez Apa discuss the patho-
logic features of BD in the tubuler gut. Professor Aysin
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Kokturk describes that the differential diagnosis depends
on a careful evaluation of the medical history and metic-
ulous physical examination to detect concomitant systemic
manifestations. Sometimes, some laboratory test may help
establish the diagnosis. Subspecialty referral to ophthalmol-
ogy, rheumatology, neurology, and gastroenterology should
be considered when indicated. The paper about BD and
endocrine system shows that the avaliable data suggest that
there is an increased susceptibility to insulin resistance in
patients with BD. And also the authors indicate that not only
anterior hypophysis functions but also posterior hypophysis
functions can be affected. As BD is a disease of autoimmune
process, it may be possible that adrenal insufficiency or
alterations in the cortisol levels could be expected.

The article entitled “Potential infectious etiology of
Behcet’s disease” indicates that an infectious agent could
operate through molecular mimicry, and subsequently the
disease could be perpetuated by an abnormal immune
response to an autoantigen in the absence of ongo-
ing infection. Potentia bacteria are Saccharomyces cere-
visiae, mycobacteria, Borrelia burgdorferi, Helicobacter pylori,
Escherichia coli, Staphylococcus aureus, and Mycoplasma
fermentans, but the most commonly investigated microor-
ganism is Streptococcus sanguinis. The relationship between
streptococcal infections and Behcet’s disease is suggested
by clinical observations that an unhygienic oral condition
is frequently noted in the oral cavity of Behcet’s disease
patients. Several viral agents, including herpes simplex
virus-1, hepatitis C virus, parvovirus B19, cytomegalovirus,
Epstein-Barr virus, and varicella zoster virus, may also have
some role.

Professor Ozlem Yildirim shows that animal models
allow for a more effective investigations into BD. The paper
entitled “Development of immunopathogenesis strategies to
treat Behçet’s disease” finds that understanding of the new
pathogenic mechanisms based on molecular structure of
the disease helps us in improving the novel therapeutic
modalities.

Umit Tursen
Gamze Piskin

Torello Lotti
Fereydoum Davatchi
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Behçet disease is a chronic relapsing vasculitis with unclear etiology and immunopathogenesis. Antigenic stimuli, antigen
presenting cells, T cells, monocyte, and neutrophil and endothelial cells are major parts of the pathology of the disease.
Understanding of the new pathogenic mechanisms based on molecular structure of the disease helps us in improving the novel
therapeutic modalities. These drugs target specific and nonspecific inhibition of the immun system. These therapies include
biologic agents, new topical and systemic immunosuppressants, tolerizing agents, and immunoablation. Novel treatment will be
promising to treat the especially recalcitrant cases to conventional therapy. In this paper, new aspect of the immunopathogenesis
of Behçet’s diseases and novel treatment modalities will be discussed.

1. Introduction

Behçet disease (BD) is a vasculitis that, characterized by
recurrent aphthous stomatitis, genital ulcers, skin lesions,
relapsing uveitis, articular, neurologic, urogenital, vascular,
intestinal, and pulmonary manifestations [1–3]. BD has been
reported worldwide but has a distinct geographic distrubi-
tion, with highest prevalences in countries such as Turkey,
İran, and Japan which are place on silk road. Although much
has been learned during recent years on the pathogenesis
and treatment of the disease, the etiology and pathogenesis
of BD have not been fully clarified [4, 5]. Symptoms of the
disease are considered to be based on the correlation between
the genetic intrinsic factors and the triggering extrinsic
factors, because more than 60% of BD patients are associated
with HLA-B 51. Immune-mediated mechanisms play a major
role in the pathogenesis of the disease, and inflammatory
mediators are also involved [4–6]. Nowadays, recent investi-
gations have made clear explanations about the pathogenesis
of the disease. The hypersensitivity of T lymphocytes to
different types of antigens plays a crucial role in the
pathogenesis [3–6].

The present paper overviews an update on the immun-
opathogenesis of BD and also novel treatment based on
pathogenesis.

2. Immunopathogenesis of Behçet’s Disease

BD is an inflammatory disorder characterized mainly by
mucocutaneous findings and uveitis. However, it can be
present with other cutaneous symptoms such as pseudofolli-
culitis, erythema nodosum, and pyoderma gangrenosum [2–
5]. It can be present with articular, neurological, pulmonary,
intestinal manifestations other than classical triad. The close
relationship between the genetic and triggering external fac-
tors is thought to be present in the pathogenesis of BD [3,
4]. The immunopathogenesis of BD is shown in Figure 1.
Critical region for BD in the human major histocompatibility
complex (MHC) gene could be pinpointed to a 46 kb seg-
ment between the MHC class I gene and HLA-B51 gene [5].

2.1. Heat Shock Proteins (HSP). HSP, which essentially
scavenge denatured intracellular proteins, are supposed to be
induced by microorganisms and mammalian tissues under



2 Pathology Research International

Antigenic impuls

Antigens APC

MHC I

T cell rec.

αβCD4 T helper
(T1/T2) cell

IL-12

IL-12
IL-18

IL-8

IL-18

δγCD8 cytotoxic

T cell
IL-12

TNF-α

TNF-α

IFN-γ

Monocyte
Neutrophil

Vasculitis

Endothelial cells

TNF-α, IFN-γ, IL-8,
IL-17

Figure 1: The immunopathogenesis of Behçet’s diseases.

a variety of stressful conditions, and they may be involved
in the pathogenesis of some autoimmune diseases [5]. The
serum levels of IgA antibodies to mycobacterial Hsp-65,
which cross recats with selected strains of S. Sanguinis, are
increased significantly. These HSP presented by APCs can
directly stimulate α, beta T cells, and γδ+T cells which play
important roles in the oral mucosal immunity as the first
defense against microorganisms. Altered expression of Hsp-
60 was found in ulcerative lesions of BD and RAS suggesting
that HSP-60 has an association with the etiology or chronic-
ity of these inflammatory lesions [7].

2.2. APCs (Antigen Presenting Cells). APC is specialized cell
that helps fight off foreign substances that enter the body.
Different types of antigens include viruses, bacteria, heat
shock protein, and endothelial antigens that stimulate the
APC. These cells send out signals to T cells (other immune
system cells) when an antigen enters the body [6]. Antigen
presentation stimulates T cells to become either “cytotoxic”
CD8+ cells or “helper” CD4+ cells. Cytotoxic cells directly
attack other cells carrying certain foreign or abnormal
molecules on their surfaces. Helper T cells, or Th cells,
coordinate immune responses by communicating with other
cells. Dysfunction of the APC is responsible for T-cell hyper-
sensitivity. And also this reaction expresses delayed type
hypersensitivity mediated by interleukins such as IL-12 and
IL-18 in the cutaneous lesions [4].

2.3. Neutrophils. These cells are the main elements of the
innate immunity. Meanwhile, cytokines and chemokines se-
creted from APCs and T cells induce the neutrophil hyperac-
tivation. Hyperactivity of the neutrophils is a major part of
the immunological abnormalities observed in BD [5, 6, 8].
Activated neutrophils secrete some cytokines which prime
themselves and also stimulate Th1 cells. Th1 lymphocytes
have a major role in immunopathogenesis of BD [6, 8].

2.4. γδ+T Cells. γδ+T cells, which are important of mucosal
immunity have an crucial role. Activity of the BD increases
with high level of γδ+T cells in circulation and mucosal
lesions. CD+8 γδ+T cells rather than CD4+ T cells were
activated in vivo in Behçet’s patients [3, 6, 8]. In our study,
expression of the γδ+T cells in oral ulcers from BD patients
were studied. It was found heterogeneous expression of the
γδ+T cells throughout the epithelium and in connective
tissue around the ulcer base [9].

2.5. Proinflammatory Cytokines. It was claimed that tumor
necrosis factor (TNF) α gene is closely linked to the HLA-
B 51 gene, in view of the major role played by this proin-
flammatory cytokine in BD [3, 6, 8]. An overproduction of
proinflammatory cytokines from cellular resources appears
to be responsible for the inflammatory reaction in BD, with
interferon-γ, TNF-α, IL-6, IL-8, and IL-12 being higher
in patients with BD. T-cell-produced cytokines, including
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interleukin (IL)-2, tumor necrosis factor (TNF)-α, interferon
(IFN)-γ, IL-12 and IL-18, are elevated and probably con-
tribute to neutrophil and endothelial cell activation. And
also IL-12, and IL-18, which are mainly produced by APCs,
regulate the neutrophil function and may play important role
in the skewing of immune response [4, 8].

2.6. Th17 Cells. It was reported a marked increase in Th17
cell numbers and a decreased frequency of CD4 (+) forkhead
box protein 3 positive Treg cells in the peripheral blood of
patients with active BD [8–12]. Th17/Th1 ratio was elevated
in BD patients with uveitis or folliculitis compared to
those without it [11]. Th17 cells regulate inflammation via
production of distinct cytokines such as IL-17. There is grow-
ing evidence that Th17 cells are pathological in many human
autoimmune and inflammatory diseases [8–12]. Th17 cells
represent a new subset of Th cells, which mainly produce
IL-17A-F, IL-22, and TNF-α. IL-6 and TGF-ß induce the
differentiation of Th17 cells form naive T cells. Hamzoui et
al. found high level of TBX 21 (Th1), RORC (Th17) and
Foxp3 (Treg) in neuro-BD. They postulated Th1 and Th17
mRNA expressions involving a possible impairment of Treg
cells [13].

2.7. IL-21. Geri et al. demonstrated the presence of the
IL-21 and IL 17-A producing T cells within the cerebro-
spinal fluid, brain parenchyma inflammatory infiltrates, and
intracerebral blood vessels form patients with active BD
and central nervous system involvement. The stimulation of
CD(+) T cells with IL-21 increased Th17 and Th1 differen-
tiation and decreased the frequency of Treg cells. IL-21 re-
presents a promising target for novel therapy in BD [14].
Jiang et al. found strong association of a single-nucleotide
polymorphism of IL-23R with BD. The results suggested that
IL-23R is predisposing genotypes for BD [15].

2.8. VEGF. In other study, VEGF (vascular endothelial
growth factor) was measured in the cerebrospinal fluid in
neuro-BD and was found significantly increased. They spec-
ulated that VEGF may be associated with the increased
percentages of CD4 cell subpopulation [16].

2.9. Vitamin D. Serum vitamin D concentrations and BD
activity were investigated. Active BD was associated with
lower serum vitamin D levels. These results showed that low
levels of vitamin D were associated with a decrease in Treg
cells and a skewing of the Th1/Th2 balance towards Th1 [17].

2.10. Histopathology. Histopathogenesis of this disease, char-
acterized by systemic perivasculitis, with presence of early
neutrophil infiltration, endothelial cell swelling, and fibri-
noid necrosis [1–3]. Prominent neutrophil infiltration is
seen in all early mucocutaneous lesions. Recurrent aphthous
ulceration, skin pathergy reaction, nodular cutaneous lesion,
and also ocular lesion show this type of histopathologic
pattern [3, 4].

3. Novel Treatment of Behçet’s Diseases
Based on Immunopathogenesis

In general, BD patients have been treated for suppressing the
symptoms. Conventional therapeutic approaches suppress
the activity of the leucocytes (antiinflammatory) and lym-
phocytes (immunosuppressive) in T-cell-mediated diseases,
for the suppression of the immune system. Generally, BD
patients have been treated with the antisymptomatic drugs
as follows; immunosuppressants such as nonsteroid anti-
inflammatory agents, steroids, colchicine, cyclosporine-A.
[1, 3, 4]. Meanwhile, the treatment of BD therapy re- mains
still empirical, but nowadays new insights into BD im-
munopathogenesis have led to novel therapeutic approaches
[18–20]. On the other hand, HSP seems to play an important
role in the pathogenesis of BD. The probability of a new
therapy for BD should be as the immune tolerance utilizing
the peptides of HSP.

3.1. Biologic Agents. Clinical and laboratory observations
suggested an important role of TNF-mediated process in
the pathogenesis of BD [21–25]. During the last ten-year
period, 3 licenced TNF antagonists drugs such as infliximab
(chimeric anti-TNF-αmonoclonal antibody), adalimumab
(humanized anti-TNF-αmonoclonal antibody) and etaner-
cept (fusion protein human p75 TNF-α receptor IgG1) are
increasingly used off-label for patients with BD.

Off-label use of antitumor necrosis factor (TNF) agents
for BD is increasing. It was found 88,12 and 13 primary arti-
cles on infliximab, etanercept, and adalimumab, reporting on
325, 37, and 28 patients, respectively [21]. Increased levels of
TNF, soluble TNF receptors, and TNF-producing cells were
found in the peripheral blood of patients with active disease.
Among inflammatory cytokine-related genes, TNF blockade
reduced expression of IL-1 receptor type 2, interferon γ re-
ceptors, IL-6, IL-6 receptors, and IL-17 receptors [22]. It was
found that infliximab is capable of interfering with γδ+T cell
function in BD characterized by dysregulated cell-mediated
immunity [23]. Overall, the majority of patients treated
with either infliximab, etanercept, or adalimumab showed
improvement of their mucocutaneous manifestations [21].

3.2. Anti-TNF Agents

3.2.1. Infliximab. Infliximab most frequently has been used
in BD [24–31]. The dosing regimen for Infliximab was
5 mg/kg IV at weeks 0, 2, 6, and every 8 weeks thereafter
[24] and most of these patients were treated with infliximab;
remission of oral ulcers, genital ulcers, erythema nodosum,
and other skin lesions were noticed in 91%, 96%, 81%, and
77% of them, respectively. A rapid and dramatic improve-
ment of visual acuity and decrease of ocular inflammation
starting 24 hours after infliximab was reported [24, 25]. And
also long-term effects of repetitive infliximab infusions had
positive results regarding the prevention of ocular relapses
and tapering of immunosuppressive therapy [25]. Infliximab
was used extensively in entero-Behçet, neuro Behçet, and
mucocutaneous BD resistant to conventional therapy [26,



4 Pathology Research International

27]. Infliximab showed satisfactory results in patients with
progressive neuro-BD in different clinical study [25–27].
Experience with infliximab for vascular involvement is lim-
ited to case reports. But response to this drug was impressive,
with resolution of symptoms within days and improvement
of laboratory and imaging findings [29]. But in some cases
of BD, TNF blockers are not enough for suppressing the
sympoms of the BD. In one series, the combination of inflix-
imab and methotraxate brings about long-term alleviation of
entero-BD and excellent tolerability. [31]

3.2.2. Etanercept. Etanercept was administered subcuta-
neously (SC) in a dose of 25 mg twice a week or 50 mg
once a week. Etanercept was found successful in sustaining
remission for mucocutaneous findings in significantly more
patients than placebo [32–34]. Using the etanercept for ocu-
lar involvement was found in small case series. Etanercept
was found effective in more than half of patients treated with
etanercept [32, 33]. Isolated patients with central nervous
system involvement were treated with etanercept with favor-
able results [32, 34].

3.2.3. Adalimumab. Adalimumab was administered SC as
40 mg every 15 days [21]. Using the etanercept and adal-
imumab for ocular involvement was found in small case
series. Complete remission was achieved in all patients
treated with adalimumab. 3 patients with gastrointestinal
involvement have been treated successfully with adalimumab
[34, 35]. On the other hand, few patients with central
nervous system involvement were treated with adalimumab
with good results [36]. In large clinical study, a total of 69
patients with BD have been treated with infliximab. But
seventeen of these (25%) have been switched to adalimumab
for lack or loss of efficacy or infusion reactions. It can be
postulated that patients with BD showing a scarce response
or adverse events to infliximab may successfully be treated
with adalimumab [37].

There is enough published experience to suggest that
TNF blockade represents an important therapeutic advance-
ment for patients with severe and resistant, or intolerant, to
standard immunosuppresive regimens BD.

3.2.4. Rituximab. Rituximab is a chimeric monoclonal anti-
body that acts against the specific B cell antigen, CD 20.
Rituximab was found effective in retinal vasculitis and ocular
manifestations in BD [38, 39]. Twenty patients of with
intractable ocular lesions of BD were randomized to a ritux-
imab or cytotoxic drugs such as methotraxate, prednisone,
and cyclophosphamide [38]. Rituximab was found effective
in ocular lesions of the diseases [38, 39].

3.2.5. Campath 1-H. Campath 1-h is a humanized anti-
CD52 antibody. The CD52 antigen is present on lymphocytes
and macrophages, but the predominant effect of anti-CD52
antibody therapy (CAMPATH 1-H) is T-cell depletion. Lock-
wood et al. explored the therapeutic response to lymphocyte
depletion with a humanized anti-CD 52 antibody in active

BD. This drug will be a potential alternative treatment for
refractory BD [40].

3.2.6. Toclizumab. Toclizumab is a humanized anti-inter-
leukin 6 receptor antibody. Toclizumab binds both to sol-
uble and to membrane-bound IL-6 receptor [41, 42]. Evi-
dences showed that IL-6 has a crucial role in the neuro-
immunology of neuro-Behçet diseases. Therefore inhibition
of IL-6 signaling could be a new therapeutic regimen for
Neuro-Behçet diseases [41]. Tocolizumab was used in 47 year
old female with recraftory BD. Excellent results were ob-
tained for 1 year. This experience indicates that tocol- izumab
may constitute a therapeutic option for refractory BD [42].

3.2.7. Gevokizumab. Gevokizumab (XOMA-052) is an Ig G2
humanized monoclonal antibody against human IL-1β, for
the potential treatment of BD. In future, this drug will be
candidate for the treatment of uveitis in patients with the
vasculitic diseases such as BD [43].

3.2.8. Rilonacept and Canakinumab. Two new orphan medi-
cines, Rilonacept (Regeneron) and Canakinumab (Ilaris), are
a human anti-IL-1β monoclonal antibody. Their mode of
action are based on the neutralization of IL-1β signaling,
resulting in supression of inflammation in patients with
disorders of autoinflammation. [44, 45]. IL-1β is one of
the major cytokines implicated in the pathogenesis of many
inflammatory-associated diseases. IL-1β is, therefore, be-
coming a focus for the development of new anti-inflam-
matory drug products [44]. Reports from clinical trials sug-
gest that two drugs was were well tolerated in most patients
and no serious adverse efeects were observed [45].

3.3. Tolerization Therapy. Heat shock proteins (HSPs) are
synthesized when cells are exposed to nonspecific stimuli
such as trauma, heat, and infection HSP has played major
role in pathogenesis of BD. Tolerance induction has been
used for the treatment of autoimmune uveitis [18, 20].
Within HSP-60, the 336–351 sequence has been shown to
induce uveitis when administered subcutaneously. Oral
administration of the 336–351 peptide linked to recombinant
cholera B-toxin B subunit (CTB) was found effective in in-
hibiting the development of uveitis. There were not ob-
served adverse effects during the therapy. Tolerization could
become an appealing therapeutic option because of its lack of
side effects and the possibility of the use of other treatment
modalities [19, 20].

3.4. Immunoablation. Immunoablation with autologous
hematopoietic cell transplantation has shown some effective-
ness in the treatment of autoimmune diseases. Myeloablative
chemotherapy with immunosuppressive drugs followed by
autologous transplantation of T-cell-depleted hematopoietic
stem cells was found to be safe and effective in BD [18]. Espe-
cially in some cases resistant to immunosuppressive drugs,
immunoablations could be alternative treatment modalities
to control to BD [20].
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3.5. Other Drugs

3.5.1. Rebamipide. Rebamipide can be used for oral aphtous
ulcers in BD. This drug inhibits free radicals derived from
activated neutrophils and decreases the inhibiting inflamma-
tory cytokine [45, 46]. Matsuda et al. used the rebamipide
in a multicenter, double-blind, placebo-controlled study 35
patients with BD were randomized 300 mg/day or placebo
for 12–24 weeks. In this study, rebamipide was well tolerated
and significantly improved the recurrent aphtous stomatitis
[46]. In a recent study, Bang et al. used rebamipide plus
colchicine versus colchicine in the treatment to BD-like
mice. They found that rebamipide helped the function of
colchicine to improve the Herpes simplex virus-induced BD
symptoms by inhibiting the expression of NADPH oxidase in
a vivo mouse model [47].

3.5.2. Immunomodulators. Tacrolimus and pimecrolimus are
macrolide antiinflammatory drugs with potent immunosup-
pressive activity [48–51]. Tacrolimus is used for its capacity
to inhibit T-cell cytokines, such as IL-2, IL-4, and TNF-α.
Oral and topical tacrolimus were used to treat the intestinal
and ocular BD [47, 48]. On the other hand, in a clinical trial,
topical pimecrolimus cream plus colchicine tablets versus
colchicine tablets were used in the treatment of genital ulcers
in BD. Pimecrolimus cream shortens the pain duration in
genital ulcers [50]. In another clinical study, pimecrolimus
versus placebo was used in genital ulcer of BD and also
pimecrolimus was found safe and efficient in the treatment
of genital ulcers, by accelerating the healing [51].

3.5.3. Mycophenolate Sodium. Mycophenolic acid (MPA)
is a potent, selective, and reversible inhibitor of ino-
sine monophospate dehydrogenase and adenosine deam-
inase. Enteric-coated mycophenolate sodium (EC-MPS),
monosodium salt of MPA, allows delayed release of MPA
into the small intestine, and it is associated with less adverse
effects [52]. Ten patients received enteric-coated formulation
of mycophenolate sodium in a standard dose of 720 mg
twice daily for six months. Treatment with EC-MPS leads to
significant decrease in BD activity. Side effects were mild and
did not lead to discontinuation of therapy [53].

3.5.4. Mycophenolate Mofetil. It was presented that 4 cases
with parenchymal neuro-BD, where used immunosuppresive
drugs could not be continued to intolerance or inefficacy.
These patients benefited well from mycophenolate mofetil.
The benefit was sustained during 3–7 years of follow-up
[54].
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[2] O. Köse, “Diagnosis and differential diagnosis in Behçet’s dis-
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phasison the role of immunological aberrations,” Clinical
Rheumatology, vol. 29, no. 11, pp. 1211–1216, 2010.

[7] E. Deniz, U. Guc, N. Buyukbabani, and A. Gul, “HSP 60
expression in recurrent oral ulcerations of Behçet’s disease,”
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Journal of Allergy and Clinical Immunology, vol. 128, no. 3, pp.
655–664, 2011.

[15] Z. Jiang, P. Yang, S. Hou et al., “IL-23R gene confers suscepti-
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in patients with Behçet’s disease,” Clinical and Experimental
Rheumatology, vol. 28, no. 4, supplement 60, pp. S50–S57,
2010.

[18] I. Alexoudi, V. Kapsimali, A. Vaiopoulos, M. Kanakis, and G.
Vaiopoulos, “Evaluation of current therapeutic strategies in
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Behçet’s disease and the effect of infliximab on Vγ9/Vδ2 T cell
expansion, activation and cytotoxicity,” Arthritis Research and
Therapy, vol. 12, no. 3, article R109, 2010.

[24] N. R. Benitah, L. Sobrin, and G. N. Papaliodis, “The use of
biologic agents in the treatment of ocular manifestations of
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[54] E. Shugaiv, E. Tüzün, M. Mutlu, A. Kiyat-Atamer, M.
Kurtuncu, and G. Akman-Demir, “Mycophenolate mofetil as a
novel immunosuppressant in the treatment of neuro-Behçet’s
disease with parenchymal involvement: presentation of four
cases,” Clinical and Experimental Rheumatology, vol. 29, no. 4,
supplement 67, pp. S64–S67, 2011.



Hindawi Publishing Corporation
Pathology Research International
Volume 2012, Article ID 273701, 8 pages
doi:10.1155/2012/273701

Review Article

Animal Models in Behçet’s Disease
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Behçet’s disease is a chronic, recurrent, multisystemic, inflammatory disorder affecting mainly the oral and urogenital mucosa and
the uveal tract. Although the etiology and pathogenesis of Behçet’s disease are unknown, numerous etiologies have been proposed,
including environmental, infectious, and immunological factors; an autoimmune basis, characterized by circulating immune com-
plexes and complement activation, has gained increasing acceptance. To test and understand immunopathogenesis of Behçet’s dis-
ease, animal models were developed based on enviromental pollutants, bacterial and human heat shock protein derived peptides,
and virus injections. Using these animal models separately and/or concurrently allows for a more effective investigation into
Behçet’s disease. Animal models developed in the last 10 years aim at the development of efficient and safe treatment options.

1. Introduction

Behçet’s disease (BD) is a chronic, multisystemic, inflamma-
tory disorder and is characterized by mucocutaneous, ocular,
arthritic, vascular, gastrointestinal, and central nervous sys-
tem involvement. The disease has a chronic course with peri-
odic exacerbations and progressive deterioration [1].

Since the dermatologist Dr. Hulusi Behçet [2] compre-
hensively described this disease involving multisystemic or-
gans in 1937, the etiology of BD has still remained unclear.
Various hypotheses have been proposed centering on viral
infection, autoimmune disease, streptococcal-related anti-
gens, specific alleles of the human major histocompatibility
complex, genetic factors, and hazardous chemicals [3–7].
The history and recent developments in the immunopatho-
genesis of BD are reviewed and discussed in this paper.

2. Short History

Viral infection has long been postulated as one of the etiolo-
gic and triggering factors. Hulusi Behçet proposed that the
disease was caused by a special virus. Although he was unable
to demonstrate one, he had observed intracellular inclusion-
like forms in smears from the hypopyon of the anterior
chamber and aphthae [2]. In 1953, Sezer [8] was the first to
isolate the virus from ocular fluid and serially cultivate it in

chorioallantoic membrane of fertile eggs. He inoculated the
material from the ocular fluid of patients into brains of mice.
Inoculated mice showed manifestation such as roughening
of the coat, inactivity or hyperactivity, tremor, circling, para-
lysis, encephalitis, thrombophlebitis, and swelling. Evans
et al. [9] isolated the virus from the eye and brain of a patient
who died of the disease. Mortada and Imam [10] found
inclusion bodies from scrapings of the scrotal and buccal
ulcers, as well as from the hypopyon fluid. When the fluid
from the scrapings of scrotal and buccal ulcers and hypopyon
was inoculated into the chorioallantoic membrane of 10-
day-old chick embryos and incubated for 2 days, whitish
plaques were seen. These plaques showed inclusion bodies
exactly like those seen in scrapings. The filtrates from plaques
were inoculated intracerebrally into 3-week-old white Swiss
mice. Seventeen out of 21 mice died while 5 control mice
inoculated with saline remaining alive.

Eglin et al. [11] using method of in situ hybridization,
detected RNA complementary to herpes simplex virus (HSV)
type 1 in the mononuclear cells of patients with BD. HSV
type 1 DNA was detected in the whole blood by Bonass et al.
[12] with dot blotting technique. Denman and colleagues
[13] detected HSV DNA with southern hybridization using
Eco R1 digested DNA from the peripheral blood mononu-
clear cells of patients with BD. In 1991, Studd et al. [14] de-
tected HSV-1 DNA by polymerase chain reaction (PCR) in
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Figure 1: Role of bacterial and human heat shock protein (HSP) 60/65 as T cell antigens in Behçet’s disease. APC: antigen presenting cells.

peripheral blood leukocytes of BD patients with recurrent
oral ulcers.

Lee et al. [15] tried to detect HSV DNA in saliva of pa-
tients with BD, and to evaluate whether the presence of HSV
in saliva is associated with the presence of an intraoral ulcer,
and to investigate any possible relationships between HSV
and BD using PCR. The results from saliva showed that
almost 40% patients were positive for HSV DNA, compared
to 14% of healthy controls.

Lee and colleagues [16] investigated the relationship of
intestinal ulceration of BD and HSV. PCR results were all
positive in specimens of patients with BD. Bang et al. [17]
experimented to detect HSV DNA from ulcerative genital
tissue of patients with BD. They applied 8 cases and all show-
ed HSV bands. From these reports, we can conclude that
there is a relationship between HSV DNA and ulceration of
various epithelial tissue of BD.

3. Animal Models Aiming to Elucidate the
Immunopathogenesis of Behçet’s Disease

Animal models are very important and necessary in most
fields of research. Many investigators have tried to develop
an animal model for use in BD. In 1979, Hori and colleagues
[4] created typical BD-like lesions in Pitman-Moor’s strain,
miniature swine treated with agricultural chemicals such
as organophosphate, organochloride, and inorganic copper.
The total number of animals used for the development of an
animal model by Hori and colleagues was 8. Though all of
the experimental animals showed BD-like symptoms after a
1-year administration of the chemicals, it is not feasible to
breed such a large group for use in other experimental de-
sign.

Heat shock protein (hsp) has also been implicated in the
pathogenesis of several human and experimentally induced
autoimmune diseases such as BD, both as target antigens and
as intracellular chaperones involved in peptide binding to
HLA antigens [18] (Figure 1). Lehner et al. [19] reported that
uveitis could be induced in Lewis rats by 4 peptides derived

from the sequence of the mycobacterial 65 kD hsp, which sti-
mulate specifically TCR γδ lymphocyte from patients with
BD and human 65 kD hsp derived peptides. Lehner groups’
Lewis rats showed only single eye symptom. Patients’ symp-
toms of BD are multiple, chronic, or recurrent. If additional
symptoms were to appear in hsp derived peptide stimulated
Lewis rats, this animal model would be more useful.

Before using the ICR mouse strain, Sohn et al. tried
guinea pig and Sprague-Dawley rat models. They used sub-
cutaneous injections in back skin and the scrotum, intra-
muscular injections in the tongue, and a direct swab on the
eyeball. Using these methods, no symptoms similar to BD
appeared. They thought that the key point for success was the
correct identification of the route of infection of HSV. The
route of HSV infection is an important factor affecting multi-
systemic expressions of the symptoms.

In 1998, Sohn et al. [20] experimented to develop an ani-
mal model for use in BD using HSV infection which was
hypothesized to be one of the etiologic or triggering factors
in BD by Lee et al. [15, 16]. To test the HSV infection hypo-
thesis and to develop an animal model, ICR mice were ino-
culated with HSV. Using method of Hirata and colleagues
[21], the earlobes of 258 mice of ICR strain, aged 5 to 6 weeks,
were scratched with a needle, then inoculated with 1.0 × 106

plague forming units (pfu)/mL of HSV type 1 (KOS strain)
solution. As a control, 30 mice were inoculated in the same
site with a culture medium. Four weeks later, a second inoc-
ulation was performed using the same methods, followed
by 16 weeks of observation. The mice inoculated with HSV
manifested changes 3 to 4 days after the first inoculation. The
signs that appeared most rapidly and commonly were partial
hair loss in the face region and erythema on the scratched
earlobe. Other common symptoms were skin ulceration of
the earlobes, scruff, and genitalia and eye symptoms includ-
ing keratitis, conjunctivitis, and uveitis. Mice with relatively
severe symptoms showed poor general condition and soon
died. Some mice did not show any visible symptoms, but ap-
peared to be in poor general condition, they also died. After
the second inoculation, arthritis, oral and genital ulcers, and
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keratitis were the main symptoms. These symptoms were
generally more severe than those appearing after the initial
inoculation. Two or more symptoms in one mouse were con-
sidered an indication of a BD-like syndrome. After the induc-
ed infection, 86 mice (33.3%) died, 77 (29.8%) showed BD-
like symptoms, and 95 (36.8%) had a healthy normal appear-
ance or a single symptom. The symptoms included skin
ulcers on the earlobe, scruff, abdomen, back, or face (57.1%);
eye symptoms (39.0%); partial hair loss (33.8%); genital
ulcer (19.5%); bullae (11.7%); arthritis (5.2%); gastro-
intestinal ulcer (5.2%); tongue ulcer (3.9%). The induced
BD-like symptoms were similar to the clinical manifestations
of ulcers, uveitis, and arthritis which have been significant in
diagnosing BD in patients. Aside from hair loss, the most
frequent symptoms affecting mice were skin ulcers, eye sym-
ptoms, and genital ulcers. The frequency of these symptoms
were similar to that of patients with BD.

The PCR was used to detect HSV DNA sequences in DNA
extracted from the lesions of mice with BD-like symptoms.
The methods were almost the same as those used in the pa-
tient experiment. HSV DNA sequences were detected in the
lesional skin and gastrointestinal track, but not in normal
healthy skin area. Abdominal skin lesions stained with hema-
toxylin and eosin showed that many inflammatory cells had
accumulated around the blood vessel. Vasculitis was also
common in intestinal, oral, earlobular, and genital epithelial
lesions. These findings were very similar to typical morpho-
logical changes in human BD [22]. These experiments prov-
ed that it was possible to induce BD-like symptoms such as
ulceration and vascular inflammation in ICR mice by inocu-
lating them with HSV. For this reason, many researchers have
used this animal model to understand the etiopathogenesis
of BD and efficiency and safety of newly developed drugs in
BD.

In 1978, Ohno and Sugiura [23] reported an association
between human leukocyte antigen (HLA) and BD in Japan.
Then, several authors have presented evidence of an HLA
association with, and HLA B51, one of the split antigens
of HLA B5, was found to be the most strongly associated
genetic marker [24–26]. To pursue the correlation between
viral infection and genetic factors in the development of the
disease, several inbred mouse strains—B10.BR, B10.RIII,
C57BL/6, C3H/He, and Balb/c—which had different hap-
lotypes of major histocompatibility complex (MHC), were
inoculated with HSV type 1 (KOS strain) using the method
of Sohn and coworkers [27]. BD-like symptoms appeared
in B10.BR, B10.RIII, and C57BL/6 as in the case of ICR
mouse strain previously reported by authors as a BD mouse
model [20]. These mouse strains manifested single or multi-
ple symptoms. Manifestations of oral, genital, skin ulcers,
uveitis, and arthritis, that are clinically significant for the dia-
gnosis of BD in patients appeared. The lesions spontaneously
healed and recurred repeatedly. According to the revised
Japanese criteria [28], the manifestations in mice were classi-
fied into major and minor symptoms. Among these symp-
toms, having more than two symptoms (including and above
one major and one minor symptom) were diagnosed as
BD-like symptoms. The mice with a single symptom were
classified as the normal group. More than 40% of B10.BR,

B10.RIII, and C57BL/6 showed BD-like symptoms, com-
pared to 2% of C3H/He and Balb/c. Inbred mice with dif-
ferent haplotype of the H-2 region showed similar incidence
rates of BD-like symptoms except C3H/He and Balb/c
strains. The results from these inbred mouse strains in induc-
tion of BD-like symptoms are more important than MHC
association.

Although viral infection has long been postulated as a
contributing factor in the etiology of BD, and viral involve-
ment has been demonstrated, viral infection alone is not
sufficient to explain the pathogenesis of BD. Some evidence
suggests that immunologic abnormalities are also important.
Sohn and coworkers [29] attempted to determine whether
inactivation of macrophages influences the development of
BD and whether related cytokines play a role in the modu-
lation of BD symptoms. As previously described, an animal
model was developed by using ICR mice [20]. HSV-1 inoc-
ulation was done twice 10 days apart, which was followed
by 16 weeks of observation. Mice with ≥1 major and 1
minor symptom were classified as having BD. Liposome-
encapsulated clodronate (lip-Cl2MDP) was injected intra-
venously in mice to inactivate their macrophages. Animals
treated with HSV combined with lip-Cl2-MDP had a lower
incidence of BD-like symptoms than did those treated with
HSV alone. These results suggest that macrophages may play
an important role in the development of this disease. Macro-
phage deletion did not seem to affect mortality in 2 groups.
The suppression of the development of BD-like symptoms
was correlated with the induction of interleukin (IL-) 4
expression in mouse. When the Th2 adjuvant ovalbumin-
(OVA-) alum was injected into mice with BD-like symptoms,
their cutaneous symptoms improved. Adoptive transfer with
splenocytes from OVA-alum injected mice also resulted in
improvement. These findings suggest that up-regulated Th2
cytokine expression induced by macrophage inactivation
may be closely related to the development, deterioration, and
improvement of BD induced by HSV.

Neutrophil activation is one of the immunopathogenesis
aspects of BD. Neutrophils have a pivotal role in innate im-
mune responses. As typical BD lesions such as pustular folli-
culitis, pathergy reactions, and hypopyon have significant
neutrophil infiltrations, neutrophil functions and activation
status have been investigated [30]. There are conflicting re-
ports of increased, normal, or decreased basal and fMLP sti-
mulated superoxide productions, phagocytosis, chemotaxis,
and neutrophil-endothelial adhesion in BD. In HLA-trans-
genic mic presumed model for BD, the only abnormality seen
is increased superoxide release in response to fMLP. High
superoxide responses were also present in HLA-B51+ pa-
tients and healthy controls in the same study.

In the etiology and pathogenesis of BD, immunological
factors, an autoimmune basis, characterized by circulating
immune complexes and complement activation, has gained
increasing acceptance and significance. Previous work de-
monstrated the presence of antibodies to guinea-pig oral
mucosal cells by immunofluorescence [31]. Another work
has demonstrated oligoclonal T-cell expansion in patients
with BD, suggesting an antigen-driven immune response
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[32]. Immunisation with retinal S antigen or interphotore-
ceptor retinoid binding protein (IRBP) causes an experimen-
tal autoimmune uveoretinitis that resembles some human
uveitic conditions [33, 34]. In vivo or in vitro sensitised, S
antigen or IRBP specific T cells transferred to naive animals
induce experimental autoimmune uveoretinitis [35]. On the
other hand, Yamamoto and coworkers found that patients
with BD with uveitis exhibited the highest and the most freq-
uent positive responses to S antigen and IRBP, as well as to
peptide M, a main uveitogenic site of S antigen [36]. Then,
another study showed that patients with BD without uveitis
did not differ in their responses to S antigen from the respon-
ses in the control group [37]. Yet, more responders to IRBP
were observed in the patients group without uveitis (35%)
than in the control group (14%), although their responses
were lower than the responses observed in patients with uve-
itis. The presence of lymphocyte responses to retinal antigens
in patients with BD without uveitis might indicate a preclini-
cal stage of ocular involvement. Thus, these data support the
idea that autoimmunity to retinal specific antigens may play
a role in the ocular inflammation in BD.

Immunological responses to four T-cell and B-cell epito-
pes have been identified within the mycobacterial 65-kDa hsp
in patients BD [38]. The four mycobacterial T-cell epitopes
show significant homology with the human 60-kDa mito-
chondrial hsp [39]. Some groups have found T-cell prolifer-
ative responses to human hsp60 and peptides derived from it
[40], others have found antibodies to Yersinia derived hsp60
[41]. Lehner [42] have characterized gamma-delta T-cells
reactive against several peptides of human hsp60 in patients
with BD. In 1994, Stanford et al. [43] investigated mycobac-
terial and homologous human hsp T-cell peptide epitopes
specific for T lymphocytes in BD for their pathogenicity in
Lewis rat. The potential pathogenicity of eight peptides and
two controls was assessed by administering the peptides in
enriched Freund’s adjuvant into the footpads of male Lewis
rats. In this study, they have shown that ocular signs may be
induced in Lewis rats by injecting synthetic peptides derived
from the sequences of the mycobacterium tuberculosis 65-
kd hsp, and with greater frequency by using the homologous
human hsp peptides. Mild or moderate clinical disease in
these animals appears to be more common in the anterior
segment of the eye. But, clinical involvement of the mouth,
skin, external genitalia, joints, or the neurological system was
not observed. The peptides that are most frequently recog-
nized by T lymphocytes from patients with ocular type of
BD (136–150 and 336–351) produced the highest incidence
of disease in the experimental rats. Then, in 1998, Hu et al.
[44] showed that human 60-kDa hsp-derived peptide 336–
351, which is specific in stimulating T cell responses in BD,
induced uveitis in Lewis rats when administered orally and
nasally. The mucosal route of induction of uveitis is more
likely to mimic the clinical situation, in which hsp of oral
microorganisms, such as streptococci, may elicit immune
responses which cross-react with mucosal hsp and initiate
pathological changes [38]. Besides, the experiments to pre-
vent the development of uveitis by oral or nasal administra-
tion of peptide have failed. In addition, administration of
monoclonal antibody against CD8 or CD4 revealed that,

whereas monoclonal antibody against CD8 enhanced uveitis,
against CD4 suppressed uveitis. Thus, CD4 cells mediate
whereas CD8 cells suppress the development of uveitis.

Based on these studies, Mor and colleagues [45] initiated
a study to seek target antigens associated with the tissues
involved that might be pathogenic in laboratory animals.
They tested patient sera for the presence of antibodies to anti-
gens found in lysates various tissues. They identified a subset
of patients with immune reactivity to a 37-kDa antigen pre-
sent in the skin, tongue, vagina, muscle, and heart rat tissue.
In-gel digestion and mass spectrometry revealed the antigen
to be α-tropomyosin. To test whether induction of autoim-
munity to a α-tropomyosin might be pathogenic, Lewis rats
were immunized with bovine α-tropomyosin in complete
Freund’s adjuvant (CFA). The immunized rats developed les-
ions in the uveal tract and skin, with features of BD. Control
rats injected with PBS/CFA emulsion did not develop uveitis
or skin inflammation.

4. Animal Models Designed to Investigate
the Efficiency of Newly Developed Drugs

Animal models have been used for evaluating the efficiency
of newly developed drugs as well as investigating the disease’s
etiopathogenesis. The BD-like mouse model, developed by
Sohn et al. has been found to show immunological abnor-
malities [27, 29], and thus is a valuable tool to study the
effect of various therapeutic drugs. Treatment with the anti-
viral agent aciclovir has failed to alleviate the frequency and
severity of orogenital ulceration and or other disease features
in BD [46]. Sohn and coworkers [47] administered famciclo-
vir, an antiviral compound that acts against HSV, varicella-
zoster virus, and hepatitis B virus, in the HSV-induced BD
mouse model, to demonstrate the efficiency of famciclovir.
Using the HSV-induced BD mouse model [20], famciclovir
was administered variously before and after inoculation of
from the day of lesion occurrence, with appropriate controls.
Ulceration of the mouth and genital skin and eye involve-
ment were monitored. In addition, spleen cytokine expres-
sion was measured by PCR. Pretreatment or concurrent
treatment with famciclovir did not attenuate the occurrence
of BD symptoms. However, administration of famciclovir
from the day of lesion occurrence was effective in about 60%
of mice with single symptom and 40% of those with BD
symptoms and preventing recurrence. But recurrence rate
was higher in BD mice. Oral and genital ulcers did not recur,
contrasting with skin ulceration and eye involvement which
recurred despite administration of famciclovir. Therefore,
the overall rate of improvement in BD was lower than the
rate in cases showing only a single symptom. To determine
whether or not the improvement of symptoms by famciclovir
correlated with the expression of cytokines, RT-PCR was
performed on the spleens of improved and relapsed mice
after administration of famciclovir. IL-2 was expressed in
relapsed mice that had areas of ulcerated skin, while it was
not expressed in the improved mice. Interferon-(IFN-) γ was
always expressed and was not related to the improvement
of ulceration. IL-4 and IL-10 were not expressed at any
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time following administration of famciclovir. These findings
suggest that famciclovir might be a candidate for controlled
clinical trials in the human form of BD.

In another study, thalidomide was administered in order
to understand the mechanism for the improvement in symp-
toms in BD-like mice [48]. Despite its inherent teratogenic
risk, thalidomide has proven to be of clinical use in a small
number of immunological disease, including BD [49]. How-
ever, the mechanism of action of thalidomide in patients with
BD remains poorly understood. In this study, a BD-like
mouse produced by HSV inoculation, previously published
by Sohn et al. [20] was used. ICR mice were inoculated twice
with HSV over a 10-day period. Thalidomide (100 μg) was
orally administered to ten BD-like mice for five consecutive
days. Placebo was administered to ten BD-like mice in an
identical manner. Eight out of ten thalidomide-treated mice
showed improvement in skin ulceration, bullae and crusting,
and intestinal and genital symptoms. The control group,
treated with PBS instead of thalidomide, did not show any
change in their BD-like symptoms. The mice were sacrificed
on the 6th day, and the spleens were subjected to RT-PCR,
FACS, western blot, and immunohistochemical analysis. Tu-
mor necrosis factor-(TNF-) α, macrophage inflammatory
protein-(MIP-) 1α, perforin, and Fas were influenced by
thalidomide treatment. These results suggest that thalido-
mide can attenuate HSV-induced BD-like symptoms in mice
through the downregulation of TNF-α (P < 0.005) and the
upregulation of MIP-1α (P < 0.005), perforin (P < 0.05),
and Fas receptor (P < 0.1).

Beneficial therapeutic effects have been reported for col-
chicine, thalidomide, cyclosporin A, IFN-γ, and systemic
corticosteroids in the treatment of BD. The nucleoside analog
gemcitabine (2′,2′-difluorodeoxycytidine, dFdC) is a new
significant immunosuppressive agent that may be useful not
only in graft-versus-host disease but also in autoimmune dis-
eases. dFdC is a nucleoside analog affecting the pyrimidine
pathway. Sohn et al. designed the study in order to examine
the effects and side effects of gemcitabine on skin lesions of
HSV-induced BD-like mouse model [50]. For the dose-escal-
ation study, healthy ICR mice were treated intraperitoneally
with dFdC over 5 consecutive days. For the efficacy study,
ICR mice were inoculated with HSV as described earlier and
classified as having BD according to a revised Japanese classi-
fication [20], and then 18 BD mice were randomly assigned
to placebo, 0.06, or 0.12 μg of dFdC/day over 5 days, applied
intraperitoneally. Serum levels of IL-4, IL-6, IL-10, IFN-
γ, and TNF-α were determined using enzyme-linked im-
munosorbent assay. After application of 3 μg of dFdC over 5
days, alanine aminotransferase increased (P = 0.032), but all
other kidney and liver parameters were unchanged. In BD-
like mice, soon after 5 days of dFdC treatment, cutaneous
manifestations ameliorated by more than 60% (P = 0.017),
depending on the dFdC dose applied but not in the control
mice. There was no significant change in cytokine levels after
5 days of dFdC treatment compared to pretreatment levels
but only a trend toward reduced IL-10 under dFdC treatment
(P = 0.135), and none of the cytokine levels correlated with
response to treatment. Moreover, dFdC shows promising

effects to improve cutaneous lesions in the HSV-induced BD-
like mouse model. In this animal model, effects of dFdC on
cytokine profile remained inconclusive.

In recent years, other options of the treatment of BD are
biologic agents. TNF-α is a potent paracrine and endocrine
mediator of inflammatory and immune functions. TNF-α
overexpression has been implicated in acute and chronic
inflammatory diseases, such as septic shock, bowel disease,
Crohn’s disease, rheumatoid arthritis, atopic dermatitis,
psoriasis, and BD [51]. TNF-α is produced primarily in T
cells, polymorphonuclear cells (PMNs), dendritic cells, and
macrophages [52]. In macrophages, TNF-α gene expression
is induced by physical, chemical, and biologic stimuli that
include ischemia, trauma, irradiation, viruses, bacteria, tu-
mor cells, complement, and cytokines. Rapidly supplanting
antisense methods [53, 54]. RNA interference (RNAi) is a
recently discovered process that utilizes either endogenous
or exogenous, double-stranded RNAs to inhibit expression
of genes in a highly sequence specific manner. In mam-
mals, RNAi can be invoked by introducing short (19–21
nucleotide), double-stranded RNA oligonucleotides, referred
to as small interfering (siRNAs), or silencing RNA molecules,
of a sequence complementary to that of the target gene. The
siRNAs are bound by an RNA inducing silencing complex in
the cytoplasm and silence the expression of the target mRNA.
Therefore, RNAi offers promise as a novel therapeutic device
and in addition may be used as a tool in functional genomics
studies to elucidate genes controlling disease pathways [55].
To inhibit the expression of TNF-α, Choi et al. [56] used
siRNAs to reduce over expression of TNF-α in vitro in cell
cultures and in vivo BD-like mouse model for amelioration
of chronic inflammation. Male ICR mice were infected with
HSV-1, as previously described [20]. TNF-α siRNA was
injected intraperitoneally twice with 1-week interval. To
compare the efficacy of TNF-α siRNA versus an anti-TNF-
α antibody, Infliximab, and TNF-α receptor, etanercept were
administered to symptomatic mice with inflamed tissue,
which were subsequently observed for 2 weeks. Inflixi-
mab, at 150 μg/mouse (5 mg/kg), was intravenously injected
only once. Etanercept (25 μg/mouse, 50 mg/60 kg) was inject-
ed subcutaneously twice per week. Other BD mice were treat-
ed with scrambled siRNA or were untreated as negative con-
trols. Intraperitoneal delivery of TNF-α siRNA effectively
decreased BD symptoms in 18 of 32 cases (56.3%). Scram-
bled siRNA treatment decreased BD symptoms in 2 of 19
cases (10.5%). Infliximab was effective in 11 of 27 cases
(40.7%) and Etanercept was also effective in 9 of 25 cases
(36.0%) at the end of the second week after treatment. TNF-α
siRNA reduced serum levels of TNF-α (1.57 ± 0.43 pg/mL),
compared to levels in mice not injected (84.02±24.59 pg/mL)
(P < 0.01) or scramble injected (118.89 ± 20.08 pg/mL)
(P < 0.01). A significant reduction in TNF-α level was
observed as early as 24 h after treatment, and the level did
not recover until 2 weeks after treatment, thus demonstrating
an immediate, potent, and lasting biologic effect of siRNA
treatment. After single injection of TNF-α siRNA, improve-
ment of BD symptoms showed at 9 ± 7th day on average,
contrary, in infliximab-injected group, improvement was
apparent at 15 ± 4th day after injection (P < 0.05).
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Choi et al. [56] show that siRNA can be employed to
inhibit cytokine gene expression in an in vivo disease mouse
model. This inhibition may, therefore, be attributed to the
improvement of inflammatory symptoms.

TNF-α plays a central role in a variety of inflammatory
responses [57]. TNF-α and adhesion molecules have been
shown to be upregulated in BD patients [58, 59]. In addition,
downregulation of TNF-α using anti- TNF-α antibody (in-
fliximab) was found to suppress various BD symptoms in-
cluding sight-threatening panuveitis [60] and intestinal
ulcers in patients [61] and mice [62]. Another TNF-α block-
er, etanercept, is also known to be an effective therapeutic
agent for BD patients [62] and mice [56]. To test for possi-
ble anti- TNF-α and anti-inflammatory activities, Choi et al.
[63] administered synthesized pyridine compound deriva-
tives (SK94, SK126) from a natural lead source to mice. Lipo-
polysaccharide-(LPS-) induced TNF-α production was ana-
lyzed in the endothelial cells, Raw 264.7 cells, and serum of
normal mice after treatment with SK compounds. ICR mice
were inoculated with HSV as described earlier and classified
as having BD according to a revised Japanese classification
[20]. SK compounds (1 mg) or thalidomide (50 μg) were
orally administered to five to ten BD-like mice for five con-
secutive days. Placebo was administered to ten BD mice in
an identical manner. The results of the present study that
pyridine compound derivatives can downregulate the expres-
sion of TNF-α and adhesion molecules in normal mice. Fur-
thermore, these compound downregulated TNF-α and adhe-
sion molecules in BD mice and ameliorated the symptoms.
Orally administered SK compounds were found to be abel
to effectively downregulate the serum level of TNF-α in LPS
treated Balb/c mice and BD mice. Additionaly, SK126 more
efficiently downregulated the serum level of TNF-α, soluble
intercellular adhesion molecule-1 (sICAM-1), and soluble E-
selectin when compared to thalidomide in BD mice. SK126
and SK94 more efficiently downregulated sICAM-1, soluble
vascular cell adhesion molecule-1 (sVCAM-1), and soluble
E-selectin when compared to thalidomide in the sera of BD
mice and it downregulated soluble E-selectin when com-
pared to the thalidomide treated group in the spleen tissues
of BD mice. SK126 and SK94 decreased monocyte chemo-
tactic protein-1 (MCP-1) in the spleen tissues of BD mice.
The change in the severity score of SK94-treated BD mice
was similar to that of the thalidomide treated-group. The
decreasing inclination of severity score was steeper in the
SK126-treated group than the thalidomide-treated group,
which demonstrates that SK126 more effectively improves
BD symptoms than thalidomide. Overall, SK126 is more
effective and safer than thalidomide and more convenient
than infliximab or etanercept as a treatment for BD. The
downregulated cell adhesion molecules and TNF-α were
correlated with the amelioration of BD symptoms in mice.
These findings suggest that SK compounds can be used as
therapeutic agents to reduce the levels of TNF-α and adhe-
sion molecules during the treatment of inflammatory dis-
ease, especially through oral administration.

In conclusion, although many human and animal studies
have been made to clarify etiology and pathogenesis of BD
since the disease was first described in 1937, the disease’s

etiopathogenesis is still controversial. Animal models devel-
oped so far has been insufficient to describe both the clinical
aspects and etiopathogenesis of the disease. An ideal animal
model has not been developed yet. Therefore patient reports
issued in the literature related to BD provide more valuable
information compared to experimental studies. Besides these
animal models may helped to determine the disease’s effi-
cient and safe treatment alternatives. Better characterisation
of pathogenic immune cell subsets, systematic and local anti-
gens, and abnormal cell-activation mechanisms may help in
the future to develop more specific and less toxic immu-
notherapeutic approaches to the still unsatisfactory treated
BD.
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Behçet’s disease is a multisystem inflammatory disorder characterized by recurrent oral aphthous ulcers, genital ulcers, uveitis,
and skin lesions. The cause of Behçet’s disease remains unknown, but epidemiologic findings suggest that an autoimmune
process is triggered by an environmental agent in a genetically predisposed individual. An infectious agent could operate through
molecular mimicry, and subsequently the disease could be perpetuated by an abnormal immune response to an autoantigen in
the absence of ongoing infection. Potentia bacterial are Saccharomyces cerevisiae, mycobacteria, Borrelia burgdorferi, Helicobacter
pylori, Escherichia coli, Staphylococcus aureus, and Mycoplasma fermentans, but the most commonly investigated microorganism is
Streptococcus sanguinis. The relationship between streptococcal infections and Behçet’s disease is suggested by clinical observations
that an unhygienic oral condition is frequently noted in the oral cavity of Behçet’s disease patients. Several viral agents, including
herpes simplex virus-1, hepatitis C virus, parvovirus B19, cytomegalovirus, Epstein-Barr virus and varicella zoster virus, may also
have some role.

1. Introduction

Behçet’s disease is a multisystem inflammatory disorder
characterized by recurrent oral aphthous ulcers, genital
ulcers, uveitis, and skin lesions and generally presents with
remissions and exacerbations. It can frequently involve the
joints, gastrointestinal tract, and central nervous system
[1, 2].

2. Epidemiology

Behçet’s disease is most prevalent along the “Silk Road,” an
ancient trading route between the Mediterranean and East
Asia, where it is a major cause of morbidity. In Turkey,
the country with the highest incidence of the disease, the
prevalence is estimated to be between 110 and 420 per
100.000, whereas that in Japan is 13–20 per 100.000, and
the prevalence in the UK and USA is estimated at 1-2 per
100.000. The typical age of onset is in the third or fourth
decade of life and the male-to-female ratio varies with ethnic
origin [1, 3, 4].

The study of migrant populations led to interesting
epidemiological findings. Individuals from endemic areas

who have immigrated to areas with low prevalence of the
disease have an intermediate risk for developing the disease,
which points that environment has some role in Behçet’s
disease. Turkish individuals who have emigrated to Germany
have a significantly lower risk of disease than individuals of
Turkish origin living in Turkey, although their risk remains
higher than that of the native German population. Similarly,
the disease is virtually unknown in Japanese immigrants to
Hawaii, mainland USA, or South America despite a high
prevalence in Japan [5, 6].

3. Pathogenesis

The cause of Behçet’s disease remains unknown, but
epidemiologic findings suggest that an autoimmune process
is triggered by an infectious or environmental agent (possibly
local to a geographic region) in a genetically predisposed
individual [7, 8]. Whatever the stimulus is, the target
tissue seems to be the small blood vessels, with various
consequences of either vasculitis and/or thrombosis in many
organ systems [9].

The genetic susceptibility is strongly associated with the
presence of the HLA-B51 allele, with a stronger association in
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Turkish and Japanese patients in comparison to Caucasians.
The unusual geographic distribution of Behçet’s disease and
its close association with HLA-B51 may be the strongest
indicator that certain genes are directly responsible for
Behçet’s disease or of indirectly promoting the characteris-
tics of the underlying inflammatory changes. Other genes
located outside the HLA region have been also proposed,
including genes of coagulation factor V, intercellular adhe-
sion molecule-1 (ICAM-1), and endothelial nitric oxide
synthetase [10–12].

As is the case of other autoimmune diseases, there is
interest in an infectious etiology. Although there is no
information supporting the role of a single microorganism
as the specific cause, a problem with dysregulation in
innate immunity, with an altered response to more than
one infectious agent, is a generally accepted theory. An
infectious agent could operate through molecular mimicry.
This mimicked interaction or false signalling could attract
the inflammatory cells into the field of action, and this may
in turn result in vasculitis. Subsequently, the disease could
be perpetuated by an abnormal immune response to an
autoantigen in the absence of ongoing infection [13].

A viral cause was first postulated by Behçet in 1937
[14]. Evidence of ongoing infection with a variety of viral
agents has been sought. However, often there is only a history
of previous infection and/or seropositivity [2]. Although
herpetiform ulcers are unusual, herpes simplex virus-1
(HSV-1) is currently the most common virus associated with
Behçet’s disease. HSV DNA and serum antibodies against the
virus have been found in a higher proportion of patients with
Behçet’s disease than in controls, and circulating immune
complexes with the HSV-1 antigen have been reported.
HSV DNA has been demonstrated in the genital and
intestinal ulcers, but not in oral ulcers. However, anti-HSV
immunity is also common in normal subjects, and results
about therapeutic effects of antiviral treatment in Behçet’s
disease are scarce and controversial [15, 16]. Several other
viral agents, including hepatitis C virus, parvovirus B19,
cytomegalovirus, Epstein-Barr virus, and varicella zoster
virus, may also have some role [17–21].

Potential bacteria are a variety of streptococcal antigens,
Saccharomyces cerevisiae, mycobacteria, Borrelia burgdorferi,
Helicobacter pylori, Escherichia coli, Staphylococcus aureus,
Mycoplasma fermentans [22–27]. The infectious model is
also supported by observations that oral ulcers precede the
establishment of disease by months or years and disease
relapses are frequent. Thus, oral microbial flora have long
been implicated in the pathogenesis. The most commonly
investigated microorganism is Streptococcus. The relation-
ship between streptococcal infections and Behçet’s disease
is suggested by clinical observations that an unhygienic
oral condition including periodontitis, decayed teeth, and
chronic tonsillitis is frequently noted in the oral cavity
of Bechet’s disease patients [28]. It is not clear that the
predisposition of the patients is correlated with streptococcal
infection, but the uncommon oral Streptococcus sanguinis
serotypes (called KTH-1) and antibodies against the bacteria
are significantly increased in the oral flora and serum,
respectively, of patients with the disease compared with

healthy controls [29]. The patients show strong delayed-type
cutaneous hypersensitivity reactions against streptococcal
antigens in skin tests and sometimes Behçet’s disease symp-
toms were provoked by skin injection of the antigens [30].
The new criteria included hypersensitivity skin reactions
against streptococci in the diagnosis as one of the references
and the levels of disease severity of Behçet’s disease patients
[31]. S. sanguinis antigens share a sequence of amino acids
with one of the protein classes of the cellular membranes
called heat shock proteins (HSPs), which are expressed
above the cellular membrane in response to physiological
shocks and microbial stimulus [12]. Thus, HSPs are possible
candidate antigen for Behçet’s disease. Particularly, the
peptides of 65 kDa (HSP-65) derived from the bacteria show
considerable homology with those of the human 60 kDa
(HSP-60). Moreover, mycobacterial and human HSPs have
over 50% in sequence homology [32]. Studies have shown
that S. sanguis and HSP 60/65 kDa activate γδT cells in
Behçet’s disease patients but not controls. It is suggested
that, following the bacterial stimulus, mucous cells express
HSPs which are antigenic and reactive antimucous T cells
in susceptible individuals (molecular mimicry model) [30].
As for the most other autoimmune disorders, the Th1-type
polarization is predominant in Behçet’s disease [7]. γδT
lymphocytes have a role in the immune response to infec-
tions and in autoimmunity by recognizing bacteria-derived
and autologous antigens. Patients with Behçet’s disease have
increased numbers of activated γδT cells (in circulation and
in mucosal lesions), which produce inflammatory cytokines,
including IFN-γ, TNF-α, and IL-8. Culture of γδT lympho-
cytes from Behçet’s disease patients proliferates in response
to mycobacterial HSP-derived peptides and in response
to products from microorganisms in oral ulcers [11, 33].
Complex interactions between T cells, antigen presenting
cells, (APCs) and neutrophils are involved in the immune
pathogenesis of Behçet’s disease. Neutrophils are hyperactive
in Behçet’s disease, with increased chemotaxis, phagocytosis,
superoxide production and myeloperoxidase expression and
produce several cytokines [34]. Behçet’s disease lesions might
be induced with vascular reaction or lymphocytic vasculitis
as the immunological reaction by the APCs expressing the S.
sanguinis antigens [30]. Moreover, the amino acid sequence
of the peptides of Bes-1, a gene derived from oral S. sanguinis,
shows more than 60% similarity to the human intraocular
ganglion peptide, Brn-3b. These results suggest that Bes-1
might be an inducer for the retinal and neural involvement
possible in Behçet’s disease patients [35].

Pustular skin lesions are often not sterile and may contain
Staphylococcus aureus and Prevotella species. Whether these
pustules are secondarily infected or whether the infections
play a pathogenic role in the development of pustular lesions
remains to be determined [36].

Anti-S. cerevisiae antibodies (ASCAs) may be especially
common in intestinal Beçhet’s disease and are also increased
in healthy relatives of patients, according to the study by Choi
et al. who evaluated whether ASCA expression is associated
with clinical findings at diagnosis and the clinical course
of intestinal Behçet’s disease and found that the ASCA-
positive rate was 44.3% in intestinal Behçet’s disease but was
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not related to clinical findings at diagnosis and cumulative
relapse rates [37].

Mycoplasmas are known to exhibit molecular mimicry to
eukaryotic structures that may modulate immune responses
[27, 38].

4. Therapeutic Implications

Antiseptic agents and antibiotics are used to control micro-
bial contamination and secondary infection [39]. Chlorhexi-
dine gel and triclosan have been shown to reduce the number,
pain severity, and duration of aphthous ulcers [40, 41].

Antibiotics, especially tetracycline, has been widely used
in oral ulcers of Behçet’s disease for years. Tetracycline
mouthwash decreases pain severity and duration of oral
ulcers. Minocycline mouthwashes as compared to topical
tetracycline rinses resulted in significantly improved pain
control, by reducing the severity and duration of pain [42].
Minocycline reduces not only the growth of oral streptococci,
but also suppresses interleukins production from T cells [43].
The effect of penicillin on mucocutaneous lesions and arthri-
tis has been examined in two different studies, and it was
found that prophylactic penicillin treatment reduced both
the mucocutaneous lesions and the arthritis episodes. Other
studies also showed that combination therapy, 1200000
units of benzathine-penicillin injected monthly plus 1 mg
of oral colchicine daily for 4 months, was effective to
suppress Behçet’s disease symptoms, compared to colchicine
monotherapy [44–46].

Acyclovir is not effective in the treatment of oral and
genital ulceration [47].

5. Conclusion

The role of microorganisms in the pathogenesis of Behçet’s
disease has long been investigated, and there are ample
data on several microorganisms. However, none of these
infectious agents have been proved to cause Behçet’s disease.
Thus, a complex immune response might be generated to a
group of microorganisms that share common antigens rather
than to an infection due to a specific single microorganism.
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R. Stanford, “Behçet’s disease, the silk road and HLA-B51:
historical and geographical perspectives,” Tissue Antigens, vol.
54, no. 3, pp. 213–220, 1999.

[11] D. Mendes, M. Correia, M. Barbedo et al., “Behçet’s disease—
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Behçet’s disease,” Journal of Oral Pathology and Medicine, vol.
25, no. 5, pp. 212–218, 1996.

[20] A. Sun, J. G. Chang, C. T. Chu, B. Y. Liu, J. H. Yuan, and C. P.
Chiang, “Preliminary evidence for an association of Epstein-
Barr virus with pre-ulcerative oral lesions in patients with
recurrent aphthous ulcers or Behcet’s disease,” Journal of Oral
Pathology and Medicine, vol. 27, no. 4, pp. 168–175, 1998.

[21] S. Akdeniz, M. Harman, S. Atmaca, and N. Akpolat, “The
seroprevalence of varicella zoster antibodies in Behçet’s and
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Revue de Médecine Interne, vol. 27, no. 11, pp. 843–853, 2006.

[27] C. C. Zouboulis, J. R. Turnbull, and P. F. Mühlradt, “Associ-
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in Behçet’s syndrome are not sterile,” Annals of the Rheumatic
Diseases, vol. 63, no. 11, pp. 1450–1452, 2004.

[37] C. H. Choi, T. I. Kim, B. C. Kim et al., “Anti-saccharomyces
cerevisiae antibody in intestinal Behçet’s disease patients:
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Behcet’s disease (BD) is a chronic disease which is characterized by recurrent oral apthous ulcerations, recurrent genital ulcera-
tions, skin eruptions, ocular involvements and other various systemic manifestations as well as systemic vasculitis. Endocrine
involvement in BD regarding various systems can be seen. Hypophysis is one of the best and dense vascularized organs of the
body, thus it is likely that it can be affected by BD. Not only anterior hypophysis functions, but posterior hypophysis functions as
well can be affected. As BD is a disease of autoimmune process, it may be possible that adrenal insufficiency or alterations in the
cortisol levels could be expected. Another concern is whether or not there is insulin resistance in patients with BD. The avaliable
data suggests that there is an increased susceptibility to insulin resistance in patients with BD.

1. Introduction

Behcet’s disease (BD) is a chronic disease which is character-
ized by recurrent oral aphthous ulcerations, recurrent genital
ulcerations, skin eruptions, ocular involvements, and other
various systemic manifestations as well as systemic vasculitis
[1]. Endocrine involvement in BD regarding various systems
can be seen. Here with this paper we have tried to review the
literature in terms of BD “effects” on endocrine system.

2. Behcet’s Disease and Hypophysis

Hypophysis is one of the best and densest vascularized organs
of the body, thus it is likely that it can be affected by BD [2].
There are several studies regarding this fact in the literature.
In one of these studies, Akdeniz et al. had studied the baseline
and stimulated thyroid functions in BD. They recruited 30
patients consisting of 17 males and 13 females and 30 control
subjects to their study. Thyroid function tests baseline and
TSH levels at the 20th and 60th minutes after the adminis-
tration of TRH were evaluated. In conclusion they stated that
thyroid functions were normal in patients with BD; however,
TRH stimulation was found to be decreased [3]. In another
study where thyroid functions were evaluated, Aksu et al.,

found that thyroid function tests were within normal range
in patients with BD; however, they did not assess the TRH-
stimulated TSH levels [4]. Posterior hypophysis functions
can also be affected in patients with BD which can represent
itself with diabetes insipudus. Even though this entity is a rare
feature of BD, there are several case reports being reported in
the literature. In one of these, Khiari et al. reported that a
47-year-old man presented with oral and genital ulcers, skin
lesions, and polyarthralgia. Two years after his first applica-
tion he started to suffer from right uveitis and central di-
abetes insipidus without dysfunction of the anterior pituitary
[5]. In another case report Szymajda et al., from USA, report-
ed a 32-year-old man with diplopia and severe headaches
who had transverse sinus thrombosis at the same time. They
also stated that the patient was suffering from recurrent
mouth and genital ulcers for more than 3 months before his
application. During his hospitalization, the patient was re-
ported having polyuria, polydipsia, hypernatremia, and
hypotonic urine which were the stigmatas of diabetes insip-
idus. After the diagnosis, desmopressin was started and im-
provement in clinical status was achieved. As the mechanism
of this pathology, vasculitis was accused [6]. Jin-No et al. [7],
Otsuka et al. [8], and Hamza et al. [9], have studies also re-
garding the relationship between BD and diabetes insipidus.
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Another interesting question which has been a concern
for recent years is: does prolactin levels have effect on the ac-
tivation of BD? There are some studies available in the liter-
ature regarding this subject. In one of these studies Çil et al.
found no significant difference in terms of hormone levels
between the Behcet and control groups [10]. However in an-
other study, Proençha et al. reported that serum prolactin
levels were significantly higher in BD patients versus controls
[11]. Another study by Atasoy et al. also had declared that
patients with active BD had higher serum prolactin levels
than the inactive and control groups. In their study prolactin
levels in patients with active BD differed significantly from
the healthy control subjects [12]. Nevertheless, a study which
was conducted by Houman et al., found that the mean pro-
lactin level in the BD group (mean = 13.76, SD = 6.82), was
higher than the control group (mean = 10.13, SD = 5.46) with
no statistically significant difference. Also the mean prolactin
levels in all subgroups of patients with BD were higher than
normal, but no statistically significant difference was shown
between these subgroups [13]. The exact mechanisms of why
prolactin is increased in BD remains unclear; however, there
are some facts which has been suggested responsible. Pro-
lactin has been shown to be an important modulator of cel-
lular and humoral immunity which may play a role in the
pathogenesis of several autoimmune diseases such as rheu-
matoid arthritis [14–16]. Increased prolactin levels and dis-
ease activity of systemic lupus erythematosus have been
found to be associated with each other as well [17]. In this
context, since BD is also a rheumatic disease of autoimmune
basis, it might be suggested that prolactin levels could be
elevated.

3. Behcet’s Disease and Adrenal Glands

As BD is a disease of autoimmune process, it may be possible
that adrenal insufficiency or alterations in the cortisol levels
could be expected. Taking this fact into consideration Colak
et al. had conducted a study investigating the effects of low-
(1 microg; LDT) and standard- (250 microg; SDT) dose
ACTH stimulation tests on adrenal cortex functions in pa-
tients with Behcet’s disease; 18 patients with BD and 15 con-
trols were recruited to this study. Both the patient and control
groups were administered 1 microgram and 250 micrograms
of ACTH, respectively, with 3-day intervals in between and
responses of cortisol at the 0th, 30th, and 60th minutes after
the administration of ACTH were evaluated. They found that
there was no statistically significant difference between basal
cortisol levels of BD and the control group; however, cortisol
levels in the 60th minute of LDT were significantly low in
patients with Behcet as compared to the control group. The
peak cortisol responses to LTD were found to be decreased
in Behcet’s group as well. In this context they suggested that
hypothalamopituitary axis is partially suppressed in BD [18].
A case report by Sánchez Sobrino et al., from Spain reports a
longstanding Behcet’s patient developing adrenal insufficien-
cy, caused by isolated corticotropin deficiency. In this sense
they reviewed the literature for the possible mechanisms of
hypothalamic-pituitary injury in BD [19].

4. Behcet’s Disease and Insulin Resistance

Another concern and studied subject is whether or not there
is insulin resistance in patients with BD. In one of these stud-
ies Kim et al., evaluated this subject. They recruited 82 BD
patients and 89 healthy controls to the study and measured
the resistin and adiponectin levels at the time of enrolment
along with the HOMA-IR evaluation with fasting plasma
glucose and insulin levels. As their result they declared that
there is an increased susceptibility to insulin resistance in pa-
tients with BD as compared to the controls and resistin could
be an independent factor for this resistance [20]. In another
study where peripheral insulin resistance was assessed with
hyperinsulinemic-euglycaemic glucose clamp technique, Er-
dem et al., from Turkey, found that patients with BD exhibit
peripheral insulin resistance which was thought to be be-
cause of inflammation and endothelial dysfunction [21].

5. Conclusion

With this review we have tried to have a look at what has
been studied and evaluated in the literature regarding the
relationship between BD and certain endocrine subjects via
PubMed. As it may be seen, the available data is not too
much. Since BD is a disease of autoimmunity and many dis-
eases related with endocrinology have autoimmunity basis,
we believe that further studies should be performed to un-
derstand if BD and at least some endocrine diseases interact
with each other.
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cortex functions with Behçet’s disease,” Journal of the European
Academy of Dermatology and Venereology, vol. 20, no. 6, pp.
721–725, 2006.

[19] P. Sánchez Sobrino, C. P. Fernández, J. L.L. Ferreiro, B. M. Gil,
R. P. Carballeira, and R. V. Garcı́a-Mayor, “Behçet disease with
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Copyright © 2012 Aysin Kokturk. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Behçet’s disease is a multisystemic inflammatory disease of unknown etiology which usually occurs as a trait of symptoms:
aphthous stomatitis, genital ulcerations, and ocular disease. At the beginning of the disease the diagnosis is uncertain because
of various clinical manifestations and a long period up to the full clinical picture manifestation. Since neither the laboratory
data nor the histopathological signs are truly pathognomonic in Behçet’s disease, the differential diagnosis depends on a careful
evaluation of the medical history and meticulous physical examination to detect concomitant systemic manifestations. Sometimes,
some laboratory test may help establish the diagnosis. Subspecialty referral to ophthalmology, rheumatology, neurology, and
gastroenterology should be considered when indicated.

1. Introduction

Behçet’s disease (BD) is a multisystemic inflammatory proc-
ess of unknown etiology, characterized by relapsing episodes
of oral aphthous ulcers, genital ulcers, other skin lesions,
and ocular lesions. The Turkish dermatologist Hulusi Behçet
first described the disease in 1937, as the triad of recurrent
oral aphthous ulcers, genital ulcers, and uveitis [1]. It can
affect nearly every system and organ including ocular,
cardiovascular, gastrointestinal, renal, pulmonary, urologic,
and central nervous systems and the joints [1–4].

It affects people mainly between the ages of 20 to 40. Both
genders are usually equally affected [2, 3]. However different
male-to-female ratio was recorded in some countries: there
is a male predominance in Middle Eastern countries, such
as Iraq, Jordan, Saudi Arabia, and Lebanon, while a female
predominance is seen in the USA and Britain [4–8].

Because there are no specific diagnostic laboratory tests
or histopathologic findings, the diagnosis of the disease relies
on clinical criteria and often takes several years to establish
a definitive diagnosis after the appearance of the initial
manifestations. Manifestations of BD are not consistent
among patients. Clinical phenotypes are very heterogeneous
and evolution of the disease vary due to ethnic, geographical,
and individual differences.

Moreover, the initial manifestations and the combination
of clinical symptoms are very heterogeneous from patient to
patient, even within the same ethnic group. Some patients
present with only mucocutaneous symptoms, while some
suffer from systemic involvement causing serious complica-
tions.

As there are no pathognomonic clinical findings, various
diagnostic criteria and classifications have been proposed
during the years. According to criteria of International
Study Group which was proposed in 1990, the presence of
oral aphthous ulcerations and two of the following clinical
manifestations is required for the diagnosis of BD: recurrent
genital ulcerations, skin lesions such as erythema Nodosum-
Like lesions, papulopustular lesions, ocular involvement, and
positive pathergy test [9] (Table 1).

The most common presenting symptoms of the dis-
ease are mucocutaneous features [10–12]. Recurrent oral
aphthous ulcerations and genital ulcerations are the most
common.

Other skin lesions, such as erythema Nodosum-Like
lesions, papulopustular lesions, superficial thrombophlebitis,
pathergy reaction, pyoderma gangrenosum-like lesions,
Sweet’s syndrome-like lesions, and erythema multiforme can
be observed in about 80% of the patients with BD [2, 10,
11, 13]. In addition, extragenital ulcers, palpable purpura,
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Table 1: International Study Group criteria for the diagnosis of
Behçet’s disease [9].

Recurrent oral ulceration

Minor/major aphthous or herpetiform
ulcer observed by the physician or
patient which recurred at least three
times in one 12-month period

Plus two of the following:

Recurrent genital
ulceration

Aphthous ulcer or scarring observed
by the physician or patient

Eye lesions

Anterior/posterior uveitis, cells in the
vitreous on slit-lamp examination or
retinal vasculitis observed by an
ophthalmologist

Cutaneous lesions

Erythema nodosum observed by
physician or patient, pseudofolliculitis
or papulopustular lesions, or
acneiform nodules observed by
physician in postadolescent patients
not receiving corticosteroids

Positive pathergy test Interpreted by the physician at 24–48 h

hemorrhagic bullae, furuncles, abscesses, perniolike lesions,
and subungual infarctions, can also be seen less commonly
in BD [2, 11].

Prognosis depends on the clinical involvement and the
disease may result in considerable morbidity and mortality.
Loss of visual acuity and neurological disease are major
causes of morbidity and disability. Involvement of nervous,
gastrointestinal, and large vascular systems may be lethal or
can leave irreversible deficits.

Severe clinical course and systemic involvement are
observed when early onset of the disease is present [2, 11, 14].
Male sex and HLA B51 positivity are also associated with
more severe disease [2, 10, 11].

Disease course usually gets better with the passage of time
with decrease in mortality rate.

2. Mucocutaneous Manifestations of
Behçet’s Disease

2.1. Recurrent Oral Aphthous Ulcers. Recurrent oral aph-
thous ulcers (ROAUs) are a sine qua non future of BD
according to the International Study Group criteria [9].

Oral aphthous ulcers frequently the first manifestation
of BD recurring at least 3 times a year. It characteristically
precede by many years the onset of other manifestations.
They may be single or multiple and can occur after local
trauma and dental intervention. The ulcer covered with
grayish-white pseudo membrane or central necrotic base
with round and sharp erythematous border is termed as
punched-out ulcer. The ulcers are usually so painful that
the patient is unable to eat during the attack. However,
some patients with BD may paradoxically report no painful
symptoms during active disease, despite the existence of
extensive oral ulceration. The most commonly involved sites
of ulcers are gingival, buccal and labial mucosa, and tongue

Table 2: Systemic conditions presenting with aphthous-like lesions.

Behçet’s disease

Gastrointestinal disorders

Nutritional/Heamatological deficiencies

Heamatological diseases

MAGIC syndrome

Reiter syndrome

PFAPA syndrome

Sarkoidoz

Drug reactions

although they can also appear in the soft and hard palate,
oropharynx, and tonsils [12, 15, 16].

Minor ulcers (<1 cm in diameter) are the most (80%–
85%) common form of ROAU. They are shallow, small
ulcers, 1–5 in numbers, moderately painful, and heal without
scarring in 4–14 days [10, 17]. Major ulcers, less common
form, may be more painful and heal with scarring in 2–
6 week. Herpetiform ulcers, the least common form, are
numerous small (2-3 mm) and painful ulcers which may
become coalescent. Uncommonly, patients may present with
a mixed pattern.

ROAU of BD should be differentiated from those of re-
current oral ulcers due to other causes.

The common causes of oral ulcer are trauma, recur-
rent aphthous stomatitis (RAS), infections (herpes sim-
plex, syphilis, HIV, herpangina, primer herpetic gingivos-
tomatitis, and hand-foot-mouth disease), mucocutaneous
disease (lichen planus, erythema multiforme), immunobul-
lous disease (pemphigus), squamous cell carcinoma, cyclic
neutropenia, drugs, and systemic disorders [12, 16, 18].
Systemic conditions presenting with “aphthous-like” lesions,
including BD, have been shown in Table 2: oral ulcers may be
a part of systemic lupus erythematosus, MAGIC syndrome,
Reiter’s syndrome, and Sweet’s syndrome, or may be sec-
ondary to hematinic/nutritional deficiencies (iron, vitamin
and B12, folic acid, Coeliac disease) and heamatological
diseases (cyclic neutropenia, lymphoma) [12, 15]. The ulcers
of oral mucosa can be seen in inflammatory bowel disease,
especially in Crohn’s disease and, to a lesser extent, in
ulcerative colitis.

In addition to a complete anamnesis and detailed review
of systems, some laboratory tests such as Tzanck smear,
polymerase-chain-reaction-based (PCR) assays, complete
blod count, determination of serum B12, folate, and iron
levels, and sometimes histopathologic examination may help
diagnosis in cases with such lesions.

In some situation, the clinical presentation of the oral
ulcers of some diseases is different from that of ROAU of
BD, like those in systemic lupus erythematosus: oral ulcers
seen in this disease have irregular and slitlike appearance. The
lesions tend to occur on the palate and often heal with a scar.
Similarly, mucocutaneous lesions of Reiter’s syndrome may
include red patches or superficial painless mucosal erosions.
The ulcers in the inflammatory bowel diseases are more likely
to manifest as other types of oral ulceration. In Crohn’s
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disease, the oral lesion are deep fissures, and they appear as
linear ulcers.

However oral ulcers, which due to other causes, are
usually indistinguishable clinically from the ROAU of BD
like those in RAS. RAS is a common oral mucosal condition,
characterized by recurrent bouts of one or several shallow,
rounded, or ovoid, painful ulcers, that recur at intervals of
a few days or up to 2-3 months [16]. The minor aphthous
lesions of RAS, which are most common form, often occur
in the anterior part of the mouth though they can be seen
at any site of oral mucosa. Although ROAU of BD cannot be
distinguished clinically from common ulcers of RAS, clinical
observation suggest that patients with BD tend to have more
ulcers with more frequent crops, more painful and wider,
and longer duration than those with RAS [18]. The patients
with BD are more frequently presented with major aphthae
than the patients with RAS [19]. ROAUs in BD appear to
be associated with increased tissue oedema and to have an
intensely erythematous border. In addition, involvement of
the soft palate and oropharynx is more common in BD than
in RAS [10, 17, 18].

Most patients with RAS will not develop associated
disease. However, because ROAUs of BD are the most
common presenting manifestation and may precede the
diagnosis of BD by 6-7 years as the only manifestation,
the differential diagnosis of BD must be considered in the
case of any new clinical problem appear in patients with
RAS. Similarly, patients with complex aphthosis also must
be monitored at intervals using clinical criteria for evolution
into BD. Complex aphthosis is the term used to describe
the patients who have constant presence of multiple oral
ulcers, or recurrent oral and genital ulcers, without systemic
manifestations of BD.

Histopathologic examination of oral ulcers in BD has a
nonspecific pathology with a variable infiltrate of lympho-
cytes, macrophages, and neutrophils at the base of the ulcer.
Leukocytoclastic and lymphocytic vasculitis may be seen if
the inflammation is severe [20].

Reimer et al. showed that there are no difference between
direct IF on oral aphthae in RAS compared to BD [21].
They found that, compared to nonaphthous oral lesions, oral
aphthae of BD and RAS are characterized by C3 deposition
in the vessel walls. IgM deposits also were detected in vessel
walls in some patients in both groups.

2.2. Genital Ulcers. Genital ulcers (GU) are the second most
commonly observed initial manifestation in BD which occur
in about 80–90% of patients. They resemble oral aphthous
ulcerations but are larger and deeper and have more irregular
border [12, 13, 22, 23]. GU frequently heal by scarring.

They occur usually on the scrotum in males and on the
vulva in females, which are most common in labia. In males,
the shaft and glans penis may also be affected. Perineal,
perianal, and groin lesions can occur in both sexes [10].

In females, vaginal and cervical lesions may be seen and
may be associated with vaginal discharge. GU tend to be
larger and deeper in female patients and sometimes lead
to perforations. Large GU, frequently leave a scar, whereas
small ulcers, especially those on the minor labia may heal

without leaving a mark [2, 10, 11, 24]. Because ulcers
are occasionally asymptomatic, patient assessment should
include examination of genitalia for ulcers and scarring, even
when symptoms are absent.

Histopathologic feature of GU of BD similar to that of
ROAU.

Genital ulcerations should be differentiated from vene-
real diseases such as syphilis, chancroid, and herpes simplex
virus infection. Fix drug eruption, erythema multiforme,
erosive lichen planus, otoimmun bullous dermatoses must
be considered in the differential diagnosis. Recurrent genital
ulcerations may also be seen in Munchausen syndrome,
hypereosinophilic syndrome, myelodysplastic syndrome,
tuberculosis cutis, and acquired immune deficiency syn-
drome [3, 4, 11].

2.3. Papulopustular Lesions. Papulopustular lesions or acne-
like lesions may appear at any location and they are mor-
phologically similar to adolescent acne. They are (28–
96%) the most common cutaneous manifestation, and
their distribution is more widespread than adolescent acne,
affecting face, limbs, trunk, and buttocks [15, 22]. Diri et al.
showed that papulopustular lesions are seen more frequently
in patients with BD with arthritis [25].

The papulopustular lesions of Behçet’s disease are located
more often on the lower part of the body, while the lesions
of adolescent acne are seen more frequently on the upper
part. In addition, the pathogenesis of papulopustular lesions
of Behçet’s disease is different from those of acne vulgaris.
According to some authors, papulopustular lesions of BD are
a vasculitis, while acne vulgaris is a sebaceous gland disorder
under hormonal factors. On the other hand, a controversy
exists as to the histopathologic features of papulopustular
lesions [12, 26–29]. These lesions are generally nonspecific
also histopathologically as well as being clinically accord-
ing to some authors. They advised that follicular lesions,
showing suppurative folliculitis or perifollicular infiltration
should be excluded, and only lesions with vessel-based and
neutrophilic histologic findings should be considered as
papulopustular lesions of BD [27].

Alpsoy et al. pointed out that the detection of nonfol-
licular lesions over the trunk or extremities, with the sup-
port of histopathologic and/or immunofluorescence studies,
increases the specificity of these lesions [26]. Papulopustular
lesions were included in the International Study Group Cri-
teria as a result of their 70% sensitivity and 76% specificity;
whereas some authors stated that papulopustular lesions
exhibiting vessel-based neutrophilic reaction and follicle-
based lesions are both features of Behçet’s disease, and
any papulopustular lesions, including follicular acneiform
lesions, should be regarded as features of Behçet’s disease
[12, 28]. Boyvat considering this argument, pointed out that
papulopustular lesions of BD which have nonspecific features
may create problems in the diagnosis of Behçet’s disease
because they are extremely common also in the general
population [12].

2.4. Erythema Nodosum-Like Lesions. The prevalence of er-
ythema Nodosum-Like lesions was reported as 15–78% with
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a higher frequency in females [2, 11, 16, 30]. The lesions are
tender erythematous nodules predominantly affect the lower
limbs, although they can also appear at other sites, including
the upper extremities, buttocks, and less commonly on the
face and neck [2, 11, 15]. Often, they have more erythema
and edema around the lesions than the classic erythema
nodosum [31]. The lesions do not ulcer. They heal within
a few weeks and usually leave a hyperpigmentation after
healing [10, 15]. Recurrence is common.

Histopathological findings of erythema Nodosum-Like
lesions have been reported as leukocytoclastic vasculitis,
neutrophilic vascular reaction, lymphocytic vasculitis, lym-
phohistiocytic septal/lobular panniculitis, granulomatous
panniculitis, or acute necrotizing panniculitis [30, 32, 33]. In
a study, evaluating histopathological features of the nodular
lesions of BD and erythema nodosum associated with other
systemic diseases, it has been found that septal panniculitis,
lymphocyte-predominating infiltrate in the subcutis, absence
of vasculitis, and necrosis were in favor of erythema
nodosum, while neutrophil-predominated infiltrate in the
subcutis was more commen in BD [34]. Some authors
have emphasized that early lesions show a leukocytoclastic
vasculitis or a neutrophilic vascular reaction, whereas older
lesions have a lymphocytic vasculitis [10, 15, 26, 27].

2.5. Superficial Thrombophlebitis. Superficial phlebitis,
which is one of the characteristics of BD, appears as painful
subcutaneous nodule or stringlike hardening with reddening
of the overlying skin, predominantly located on the lower
extremities [2, 35]. It is segmental and can present in a
characteristic migratory pattern. Although it is transient,
which disappears in a few days, it has a tendency to recure.
Superficial thrombophlebitis has been reported to be present
in 2.2–20% of Behçet patients with higher prevalence in
males [2, 10, 11]. Vena saphena magna is the most affected
vein.

It can be differentiated from erythema Nodosum-Like
lesions, which may be similar clinically, by dermal ul-
trasonography [36]: erythema Nodosum-Like lesions are
hyperechoic on sonography, while the lesions of superficial
thrombophlebitis are hypoechoic.

It is important that, because of the relationship between
superficial thrombophlebitis and deep venous thrombosis,
close monitoring is required for the vascular systemic disease.

On histopathologic examination, organized thrombus is
observed in the vein lumen. Fibrous thickening of the vein
wall and sometimes infiltration of mononuclear cells may be
seen [12].

2.6. Pathergy Test. Pathergy is the term used to describe
hyperreactivity of the skin that occurs in response to any
intracutaneous injection or needle prick, characterized by
the formation of a sterile pustule or erythematous small
papule after 24–48 hours [11]. In addition to skin pathergy
test, some authors described oral pathergy test [37, 38]. The
test is more strongly positive in male patients than in female
[2, 39, 40].

Pathergy test is usually positive at the active phase of BD,
though positivity is not associated with disease severity and

the age of onset of BD [41]. Positivity of the test varies with
geographical location: in the Mediterranean and Middle/Far
Eastern countries, there is a high-pathergy positivity (40–
98%) [2, 10, 11, 30]. While a positive pathergy test is
an important parameter in the diagnosis of BD in these
countries, the diagnostic value of the test is limited by its low
sensitivity in Western countries [42, 43].

There are controversies about the histopathology of the
pathergy reaction. Some authors found mixed infiltration,
while others reported neutrophilic infiltration with leukocy-
toclastic vasculitis [40, 44].

2.7. Extracutaneous Ulcers. Extracutaneous ulcers are un-
common (3%). They are 20 to 30 mm in diameter with a
yellowish necrotic base. The ulcers are recurrent and occur
mainly on the internal part of the thighs, in the inguinal
and axillary regions, but can affect neck, inframammary and
perianal areas, breast, legs, and interdigital area of the feet
[2, 10, 12, 15]. Extragenital ulcers look like aphthous ulcers
and commonly heal leaving a round atrophic scar. They are
common in children with Behçet’s disease [10, 45]. In some
cases, vasculitis had been described [45].

2.8. Sweet’s Syndrome-Like Lesions. Sweet’s syndrome-like
lesions are rarely seen in patients with Behçet disease and,
if present, are usually fewer in number [46]. They are seen as
painful erythematous nodules and plaques, associated with
fever and leucocytosis. Sometimes, they may be pustular.
Sweet Syndromelike lesions can be seen on the face, neck, and
extremities.

The lesions demonstrate neutrophilic infiltration, or per-
ivascular and periadnexal inflammatory infiltrate of lym-
phocytes, histiocytes, and neutrophils in the dermis. In some
cases, vasculitis may also be seen [30, 46–48].

3. Systemic Involvement in Behçet Disease

3.1. Ocular Involvement. Ocular involvement in BD is fre-
quent (28.9–80%) and is an important cause of morbidity
[49]. The highest prevalence rate of the disease has been
reported from Turkey and Japan [3, 4, 14]. The disease is
more frequent in males than females, and males tend to have
a worse visual prognosis [2, 11]. The mean age at onset of
uveitis is between 20 and 30 years in male and 30 years in
female patients [50].

Ocular manifestations are usually bilateral and typically
occur 2 or 3 years after the onset of the disease. It may be the
presenting manifestation of the disease in 10–20% of cases
[4, 50].

It was shown that the delay between the first mani-
festation and eye involvement may be as long as 14 years
[51]. Ocular involvement carries a poor visual prognosis
despite therapeutic intervention [4, 50]. The estimated risk
of blindness at 5 years ranges from 15 to 25% [50].

The characteristic ocular feature is relapsing uveitis
as anterior, posterior, or panuveitis, and retinal vasculitis.
Anterior uveitis is frequently observed in females, whereas
panuveitis is commonly encountered in males [4, 52].
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Anterior uveitis with hypopyon, which has the picture of
inflammatory white exudate forming a visible layer of cells
in the anterior chamber is a characteristic sign of ocular BD.
Hypopyon is observed only in about one-third of patients
because it is transient [15, 42]. It usually disappears before
the patient is seen by the physician.

The typical ocular involvement has a course with attack
and remission. A single attack usually cures spontaneously
without producing any sequela. When attacks become
successive, they may produce sequela. The remission usually
occurs so slowly that before the lesion improves, a new
attack recurs which leads to severe sequelae such as synechia,
cataract, and less frequently glaucoma. Successive attacks
can also produce iris atrophy, atrophic retina, optic atrophy,
macular degeneration, retinal veins occlusion, optic neuritis,
phytisis bulbi, and loss of vision or blindness [4, 50, 53–
55]. Other ocular manifestations in BD include iridocyclitis,
keratitis, scleritis, episcleritis, vitritis, vitreous haemorrhage,
retinal neovascularization, optic neuritis, and chorioretinal
scars. However, conjunctivitis are not considered a usual
feature of BD. Posterior uveitis and retinal vasculitis are the
main causes for the loss of vision.

Clinical symptoms and signs include hyperemia, blurred
vision, photophobia, lacrimation, floaters, periorbital, or
global pain [4].

Intraocular inflammation associated with BD should be
differentiated from other infectious or noninfectious causes.
Uveitis may occur as a result of many conditions. A variety
of infectious diseases including toxoplasmosis, herpesviruses,
syphilis, tuberculosis, Lyme disease, cat scratch disease, and
Whipple’s disease must be ruled out by appropriate testing
[4]. Development of PCR-based assays and safer methods
for sampling of ocular fluids have increased the ability
to diagnose infectious causes of uveitis. One of the most
difficult differential diagnosis of BD is viral retinitis with
anterior segment involvement. The intraocular fluids should
be subjected to culture, PCR, and immunohistochemical
tests for the detection of a possible viral etiology. Serologic
tests for syphilis and a chest radiograph which is a useful
screen for tuberculosis (and also for sarcoidosis) may be
useful.

Uveitis may occur in the context of a variety of inflamma-
tory diseases, including inflammatory bowel disease, Vogt-
Koyanagi-Harada syndrome, and multiple sclerosis. Other
causes of uveitis are intraocular tumors, in particular,
intraocular lymphoma and reactions to medications such
as cidofovir and rifabutin. Anterior uveitis and iridocyclitis
in BD should also be differentiated from idiopathic uveitis,
ankylosing spondylitis, Reiter syndrome, tubulointerstitial
nephritis, Kawasaki disease, and sarcoidosis [4, 54].

The differential diagnosis further includes specific ocular
inflammatory conditions, including Fuchs heterochromic
iridocyclitis characterized by unilateral anterior uveitis with
diagnostic corneal and iris changes; the “white dot syn-
dromes” which are characterized by round white lesions
involving choroid and/or retina and pars planitis character-
ized by a “snow bank” of inflammatory debris on the inferior
pars plana.

3.2. Neurological Involvement. Neurological involvement
occurs in 5–10% of patients in BD. It is an important
manifestation of BD because of its severe morbidity and
increased mortality. It usually appears within 5 years after the
onset of the disease and is more frequent in men. Central ner-
vous system is more frequently involved than the peripheral
nervous system [56, 57]. There are two types of neurological
involvement: parenchymal and Nonparenchymal.

Parenchymal brain disease is more common (approx-
imately 80%) in BD, which mainly affects the brainstem
and/or basal ganglia but spinal cord lesions and hemisphere
lesions may also occur. The classic manifestation is a
meningoencephalitis.

All forms of neurologic manifestations have been re-
ported in the patients with BD including headache, seizures,
brainstem syndromes, cerebellar syndromes, diencephalic
dysfunction, benign intracranial hypertension, ataxia, apha-
sia, pseudobulbar palsy, cranial nerve palsies, hemiplegia,
myelopathy, and mononeuritis multiplex. Cerebellar and
sensory symptoms and signs, sphincter disturbances, and
behavioural changes may also be observed. Among them,
pyramidal tract signs are the most frequently observed
manifestations [58–60].

Some of the symptoms such as stroke, epilepsy, brain
tumor, movement disorder, acute meningeal syndrome, and
optic neuropathy may also be seen less commonly.

Nonparenchymal disease includes dural sinus thrombo-
sis, arterial vasculitis, and aseptic meningitis [56]. Venous
sinus thrombosis is the most frequent vascular manifestation
in Nonparenchymal disease followed by cortical cerebral
veins thrombosis. Other vascular manifestations include
intracranial and extracranial aneurysm. In most cases, veins
are much more likely to be affected than arteries.

The most common neurologic symptom among patients
with Nonparenchymal disease is headache which is caused
by intracranial hypertension due to dural sinus thrombosis.
Cerebral venous thrombosis may result in stroke. Stroke-like
symptoms such as confusion, weakness, and dizziness may
also occur.

Dural sinus thrombosis has a relatively benign prognosis
in comparison to parenchymal involvement [3, 58, 59].
Involvement of parenchyma and a high protein or cell count
in cerebrospinal fluid examination imply a worse prognosis
in BD [15].

The differential diagnosis of neurological involvement of
BD may include many diseases of the central nervous system.
One of them is multiple sclerosis. Although MRI findings
are distinctive in typical neurological involvement, when the
predominant lesion is in the periventricular white matter, it is
difficult to discriminate from the lesions of multiple sclerosis.

Other than multiple sclerosis, central nervous system
infection (especially when there are cerebrospinal fluid pleo-
cytosis and fever), cerebrovascular disease, brain tumours,
and compressive myelopathy should be considered in the
differential diagnosis of neuro-Behçet’s disease.

Neurologic involvement of BD disease must be consid-
ered in the differential diagnosis of stroke in young adults,
movement disorders, intracranial sinovenous occlusive dis-
eases and intracranial hypertension, and other neurologic
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syndromes. Imaging studies and/or cerebrospinal fluid anal-
ysis may be helpful in some cases [61–63]. MRI differentiates
parenchymal lesions from the Nonparenchymal forms [63].
Diffusion-weighted imaging may be useful in the case of
stroke-like episodes, revealing an increase in the diffusion
coefficient in BD lesions. The clinical similarity between
successive attacks may also be helpful for diagnosing BD.
Cerebrospinal fluid glucose determination may be a useful
parameter to differentiate central nervous system involve-
ment in BD from other diseases, particularly infections [63,
64].

Histopathological studies, investigating central nervous
system involvement, have mainly demonstrated that there is
a perivascular lymphocytic infiltration with areas of necrosis
in BD [64–67]. It is uncertain whether the areas of necrosis
are caused by vasculitis or inflammatory infiltrate around the
small vessels.

Riera-Mestre et al. have found perivascular lymphocytic
infiltration with reactive astrocytosis, but no frank vasculitis
in the brain biopsy specimens in their study [64]. They
suggest that the absence of endothelial degeneration supports
a perivascular inflammatory process rather than frank vas-
culitis.

3.3. Gastrointestinal Involvement. The frequency of gastroin-
testinal system involvement is variable in different countries
[4, 15]. In Japan and Korea, the prevalence of gastrointestinal
system involvement is higher (15–45%) than that in the
Middle East and Mediterranean [15, 68, 69]: gastrointestinal
manifestations occur in one-third of Japanese patients, while
in Turkey and Israel, the prevalence is about 0–5% [2,
49]. There is no significant difference in the frequency of
gastrointestinal involvement between male and female [2,
11].

Gastrointestinal system manifestations can occur
throughhout the gastrointestinal tract, from the esophagus
to the anus. The ulcers are most commonly found in the
terminal ileum, followed by the caecum and other parts of
the colon [70]. The ileocaecal ulcers have a distinct tendency
to perforate. They may lead to symptoms of abdominal pain,
diarrhea, or constipation and proctorrhagia as well as the
acute abdomen, which can be caused by perforation of ulcers
[31, 71].

Gastritis, peptic ulcers, abdominal pain, dyspepsia, vom-
iting, and diarrhea may be due to stomach and small intestine
ulcers, while dysphagia, retrosternal pain, and hematemesis
are due to esophageal ulcers.

The differential diagnosis of BD from inflammatory
bowel disease is sometimes difficult and challenging. The
main differential diagnosis of lower intestinal lesions is with
Crohn’s disease. Both diseases have the same ulceration. It
was shown that ulcers in BD were usually round or oval,
while in Crohn’s disease, they were essentially longitudinal.
If there is a longitudinal ulcer in BD, the disease has
focal distribution, otherwise if distribution is segmental or
diffuse, it is Crohn’s disease [31, 72]. In addition to ulcers,
granuloma formation in intestinal lesions suggests Crohn’s
disease, which is not seen in BD [73]. The association of RAS
with coeliac disease is well established. It has been suggested

that up to 5% of patients with RAS have gluten-sensitive
enteropathy [16, 74].

3.4. Articular Involvement. Articular involvement is seen
in approximately 30–70% of BD and may be the first
manifestation of the disease in about 16.5% of them [2]. It
affects commonly knees, ankles, wrists, and elbows [2, 11].
Articular involvement is observed in the form of arthralgia,
arthritis, and synovitis. Arthralgia is mainly of inflammatory
type. Joint disease, which can be symmetrical, usually mono-
or oligoarticular and heals in few weeks, but may take several
weeks or months to heal. It is usually transient, nonerosive,
and nondeforming. Chronic or polyarticular arthritis and
osteonecrosis can be seen occasionally. Ankylosing spondyli-
tis is not seen in BD for some authors, while for others it is
related to BD [3, 31]. Sacroiliitis and involvement of the spine
are not among the common manifestations of BD, which can
serve as differential diagnosis for Reiter’s syndrome.

Articular involvement may be confused with seronegative
arthropathies, rheumatoid arthritis, and psoriatic arthritis.
When the joint manifestations are acute and transient, the
disease resembles to rheumatic fever. Chronic and polyartic-
ular form, which is exceptional, mimics rheumatoid arthritis.
However, the articular changes of rheumatoid arthritis are
destructive in character [75]. Synovial fluid analysis and
synovial biopsies may help diagnosis by determining the
cell type which may differentiate arthritis of BD from
the rheumatoid arthritis. Serological abnormalities are seen
in inflammatory arthropathies. Seronegative arthropathies
have mainly psoriasiform skin lesions, aortic insufficiency,
frequent axial involvement and peripheral enthesopathies,
and sacroiliitis.

3.5. Vascular. BD is a systemic vasculitis affecting virtually
all types and sizes of vessels. The prevalence of vascular
involvement is about 1.8–33% and was found higher in male
patients than females [2, 4, 31].

Venous system involvement is more common than arte-
rial system involvement. Venous involvement results in both
superficial thrombophlebitis and deep venous thrombosis.
Venous thrombosis affects extremities, mainly lower limbs.
Large vein thrombosis is less frequent than deep vein
thrombosis of limbs. It involves mainly superior and inferior
vena cava, but may also affect mesenteric, portal, hepatic,
splenic, renal, dural sinus, jugular, subclavian axillary, and
iliac veins. Occlusion of suprahepatic veins, which is rare,
causes a Budd-Chiari syndrome, leading to mortality [76,
77]. In addition to Budd-Chiari syndrome, thromboses of
the superior and inferior vena cava and of dural sinuses
are associated with a poor prognosis [15, 77, 78]. Hughes-
Stovin syndrome should be differentiated from BD in which
deep venous thrombosis, often involving the vena cava, is
seen accompanied by single or multiple pulmonary arterial
aneurysms.

Arterial lesions are less frequently observed in Behçet pa-
tients. Arterial involvement includes thrombosis, aneurysms,
and pulse weakness and affects pulmonary, iliac, popliteal,
femoral, and carotid arteries. Pulmonary arterial aneurysms,
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which occur in 1% of patients, have a high mortality rate.
The main symptom is haemoptysis, and these patients
usually have associated thrombophlebitis and deep venous
thrombosis [3].

The arterial involvement in BD resembles those of
Takayasu’s arteritis, including aneurysm formation and
arterial occlusion. It is suggested that arterial involvement
of BD may result from neutrophilic vasculitis, which targets
the vasa vasorum [79]. Accordingly, on histopathological
studies, it was demonstrated that the number of vasa
vasorum infiltrated with neutrophils and lymphocytes was
significantly increased in vasculo-Behçet’s disease compared
with that in Takayasu’s arteritis and other inflammatory
aneurysms [79].

3.6. Pulmonary Involvement. Pulmonary involvement is rare
in BD (0.7–7%) [2]. It has a higher frequency in males than
females [2, 11].

Pulmonary manifestations have different etiology: vas-
culitis, embolism, fibrosis, pleurisy, and infection. The man-
ifestations are mainly related to vasculitis of the pulmonary
arteries, veins, and septal capillaries. Pulmonary vascular
involvement can lead to aneurysm formation (aortic or
pulmonary artery aneurysm), thrombotic occlusion, (mainly
in the vena cava), haemorrhage, pleural effusion, pulmonary
infarct, and focal or diffuse pulmonary fibrosis. Aneurysms
are more common than thrombosis and tend to be multiple
[31]. Although venous system involvement is more common
than arterial system involvement, rupture of an arterial
aneurysm is a significant cause of mortality in BD. The most
common and predominant symptom of pulmonary arterial
aneurysm is haemoptysis.

It must be known that detection of a pulmonary an-
eurysm in the setting of a vasculitic illness is highly suggestive
of BD, which is found rarely in other forms of vasculitis
[17, 80].

3.7. Cardiac Involvement. Cardiac involvement is uncom-
mon in BD. Multiple case reports can be found in the
literature on cardiac manifestations, describing every form
of cardiac involvement such as myocarditis, valvular lesions,
pericarditis, ventricular aneurysms, intracardiac thrombosis,
coronary vasculitis, and many others [15, 81]. Currently, it
was shown that atherosclerosis is probably not increased in
Behçet’s disease, unlike rheumatoid arthritis and systemic
lupus erythematosus [2, 3, 82].

3.8. Genitourinary System Involvement. Renal involvement is
not frequent in BD and is usually transient. Sometimes they
may become chronic. Hematuria, proteinuria, leukocyturia,
and rarely cast may be seen in the patients with renal
involvement of BD. Urethritis is not a feature of BD that may
facilitate to distinguish it from Reiter’s syndrome [17, 31].

Orchitis and epididymitis can also occur in patients with
BD [31]. They have a low tendency for recurrence. The attack
of epididymitis may be a painful or a painless swelling, but
the attack of orchitis, which affects both testicles, is painful.
Attacks last for few days or weeks.
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and T. Arayssi, “Behçet’s disease in Lebanon: clinical profile,
severity and two-decade comparison,” Clinical Rheumatology,
vol. 25, no. 3, pp. 364–367, 2006.

[6] Z. S. Al-Rawi, K. E. Sharquie, and S. J. Khalifa, “Behcet’s
disease in Iraqi patients,” Annals of the Rheumatic Diseases, vol.
45, no. 12, pp. 987–990, 1986.

[7] M. M. Al-Aboosi, M. A. L. Salem, A. Saadeh et al., “Behcet’s
disease: clinical study of Jordanian patients,” International
Journal of Dermatology, vol. 35, no. 9, pp. 623–625, 1996.

[8] A. N. Al-Dalaan, S. R. Al Balaa, K. El Ramahi et al., “Behcet’s
disease in Saudi Arabia,” Journal of Rheumatology, vol. 21, no.
4, pp. 658–661, 1994.

[9] International Study Group for Behçet’s Disease, “Criteria for
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B. Wechsler, Eds., pp. 331–336, Elsevier Science, Amsterdam,
The Netherlands, 1993.

[30] E. S. Lee, D. Bang, and S. Lee, “Dermatologic Manifestation
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Autoimmunity Reviews, vol. 3, supplement 1, pp. S53–554,
2004.

[37] U. Gül and M. Gönül, “Oral and genital pathergy in Behçet’s
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Pathologic Features of Behçet’s Disease in the Tubuler Gut

Tuba Kara and Duygu Düşmez Apa
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Behçet’s disease (BD) is a vasculitic disorder of relapsing acute inflammation characterized by recurrent oral ulcers, genital
ulcers, uveitis, and skin lesions. The disease also affects other organs, including joints, the nervous system, blood vessels, and
gastrointestinal (GI) system may also be involved and the lower GI tract is the mostly involved part, leading to severe morbidity.
The frequency of GI involvement in BD varies among different ethnic groups. Although 50–60% of Japanese patients have GI
disease, these manifestations are rare in patients from Mediterranean countries. The gastrointestinal manifestations of BD usually
appear 4.5–6 years after the onset of the oral ulcers. The intestinal lesions are usually resistant to medical treatment and recur after
surgery. The elementary lesion is apthous ulcer. Deep, round or oval ulcers with a punched-out appearance tend to perforate easily,
so that many patients require urgent operation.

1. Introduction

Behçet’s Disease (BD) is a chronic rheumatic disease, in
which unpredictable inflammatory episodes of orogenital
and ocular inflammation (or ulceration) are induced by the
body’s overreactive immune system, was first reported in
1937 by Hulusi Behçet.

Patients with incomplete form of Behçet’s syndrome
without ocular involvement, according to Morita et al., had
been well described in the Japanese population [1]. Coun-
tries with a high prevalence of BD cluster along the ancient
silk road from Eastern Asia to the Mediterranean Basin.

Young adults between the second and fourth decades
of life are mainly affected [2]. In children, this type of BD
occurs very rarely, usually as the perianal aphthous lesions
that appear to be a specific feature of childhood BD [3].

Behçet’s disease is more common and more severe in men
than in women in the ancient Silk Road countries, whereas
in Western Europe and the USA, it is equivalent between
the sexes or more common in women [2]. Populations has
yielded interesting epidemiological findings: Turkish indi-
viduals who have emigrated to Germany have a significantly
lower risk of disease than individuals of Turkish origin living
in Turkey, although their risk remains higher than that of the
native German population.

The most plausible environmental trigger is an infectious
agent, for that reason evidence of viral infection has been
sought. Increased rates of anti-Saccharomyces cerevisiae
antibodies (ASCAs); which are recently proposed serologic
markers of disease and commonly associated with Crohn’s
disease (CD), were previously reported by several studies in
BD [4]. However these antibodies are present in 44% of BD
patients who have intestinal involvement of the disease, com-
pared with 3% in patients without gastrointestinal symptoms
[5]. Alternatively, BD may be primarily autoimmune in or-
igin [4]. Various genetic markers have been identified, espe-
cially regarding tumor necrosis factor-α (TNF-α) and various
proinflammatory cytokine polymorphisms. Recent reports
have focused on the TNF-∞ gene, which is closely linked to
the HLA-B51 gene, in view of the major role played by this
proinflammatory cytokine in BD. In the Turkish population,
the TNF-∞1031C allele was associated with susceptibility to
Behçet’s disease [5].

Pathologically the disease is characterasized by vasculitis
targeting the vasa vasorum and other small blood vessels,
which is usually lymphocytic and affects veins more than
arteries, although occasionally there may be more necro-
tizing inflammation with leucocytoclasis. Fibrinoid necrosis
may be present in involved veins and venules [6]. There is
intense inflammation around the vasa vasorum, resulting in
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destruction of the media and fibrous thickening of the intima
and adventitia. Pseudoaneurysms are the most common
arterial manifestations, mainly involving the aorta, the pul-
monary, and femoral arteries [2]. While thrombophlebitis of
the superficial and deep veins is common in BD, thrombosis
and aneurysms of the large arteries in the abdominal cavity
are rare but lead to death [7].

Diagnostic criteria of BD are defined by the1990 Interna-
tional Study Group for BD. Recurrent oral ulceration must be
present along with two of the followings: genital ulcerations,
typical eye lesions, typical skin lesions, or positive pathergy
test [2–5].

2. Gastrointestinal Manifestations of
Behçet’s Disease

The gastrointestinal manifestations of BD usually appear
4.5–6 years after the onset of the oral ulcers [3]. The most
frequently affected site in GI system is the ileocecal region,
with extension into the ascending colon. Common clinical
symptoms include abdominal pain, diarrhea, and bleeding,
similar to those of inflammatory bowel disease [8]. The fre-
quencies of GI involvement vary among different ethnic
groups. In Japan and Korea, the prevalence of GI involvement
is higher (50–60%), whereas in Turkey and Israel the prev-
alence is much lower (0–5%) [9, 10]. In the series of 2313
BD patients of Tursen et al. GI involvement was found in
31 patients (1.4%) [11]. Intestinal involvement in BD is rare
but important because it is one of the most common causes
of fatality, and severe morbidity during the course of the
disease [9]. Intestinal BD can be diagnosed if a patient shows
typical ulcer in the small or large intestine, and if systemic
manifestations meet the diagnostic criteria of BD [12]. The
genetic and environmental factors influence the frequencies,
but the series so far reported included only small numbers of
cases and were not standardized [13].

GI symptoms are often caused by nonspecific ulcers.
While all patients develop oral lesions, it is the presenting
manifestation in about 70% of patients [2]. However, these
lesions are not pathognomonic of BD and can be seen in
a variety of other clinical conditions such as anemia, avita-
minosis, viral infections, inflammatory bowel disease, and
Reiter syndrome. The oral ulcers of BD are aphthous or
herpetiform, and occur at least three times a year in the
absence of other clinical explanations for the ulcers [3]. The
lesions are punched-out ulcers with rolled or overhanging
edges and a necrotic base, surrounded by an erythematous
rim. They are generally painful and heal with little scarring,
with or without treatment [2]. Moreover, the recurrent oral
ulcerations of BD tend to be multiple and usually involve the
soft palate and oropharynx [3]. Smoking may decrease the
severity of ulceration in BD. Histologically, there is vasculitis
with an infiltration of monocytes and lymphocytes early
in the disease and neutrophils in older lesions. Additional
findings are fibrinoid necrosis, endothelial swelling, and a
perivascular infiltrate in both early and late lesions [2].

Esophageal involvement is uncommon. However, upper
GI involvement may be underestimated because endoscopic

examination is not performed routinely in BD and there are
few clinical trials investigating the upper GI tract in BD [14].
Since the first case of esophageal ulceration of this syndrome
was presented by Brodie and Ochsner in 1973, to date, less
than 50 cases of Behçet’s patients with esophageal ulcers have
been reported worldwide [15]. Houman et al. studied 23
patients with BD (four with upper GI symptoms) and found
endoscopic, manometric, and/or microscopic abnormalities
in 14 patients; histopathologic abnormalities were found in
only five patients. They concluded that the prevalence of
esophageal involvement in BD was high but these findings
were not confirmed by other studies [14]. It usually involves
the middle part of the esophagus, causing substernal pain,
dysphagia, and occasionally hematemesis, although diffuse
esophagitis and stenosis have also been reported [2, 15]. The
esophageal ulcerations in BD can be single or multiple, and
are often associated with ulcers in other parts of the gastroin-
testinal tract. Esophageal lesions reported to occur in patients
with BD are (1) linear, oval, or round ulcerations similar to
those that are present in the mouth, (2) ulcers or fistula that
communicate with adjacent organs such as trachea, (3) lumi-
nal strictures, a pseudomembranous esophagitis, and (4)
“downhill,” or classical, esophageal varices associated with
either superior vena caval obstruction or portal hyperten-
sion due to portal vein thrombosis [3]. In addition, serious
complications such as stricture, bleeding, or perforations
have been rarely described [15]. Histology is nonspecific,
showing lymphocytic or neutrophilic infiltration rather than
vasculitis. The lesions may be resistant to treatment with
a proton pump inhibitor but resolve with corticosteroids.
Since BD is treated with immunosuppressive agents, viral, or
candida esophagitis should be excluded [2].

The stomach is the least frequently involved part of
the GI tract. An exception is the surprisingly high number
of Taiwanese patients with BD (45%) who have gastric or
duodenal ulcers [2]. Ning-Seng et al. found a close relation-
ship between A2/B46/Cw1 (or A11/B46/Cw1) genotype and
the development of gastric/duodenal ulcers [16]. Aphthous
ulcers are the most common finding however there may be
pyloric stenosis due to edematous hypertrophy of the pyloric
ring or a Dieulafoy’s ulcer [2]. Two studies assessing the fre-
quency of Helicobacter pylori (H. pylori) infection in Turkish
patients with BD have been reported with an urease positivity
rate of 65% in the first and 85% in the second report and
the presence of H. pylori correlated with the disease activity,
manifested as the presence of gastrointestinal complaints or
endoscopic findings [3]. In their study, Çakmak et al. suggest
that the prevalence of upper GI abnormalities in BD is high
and may occur in asymptomatic patients, but that abnormal-
ities are not specific for BD. Therefore, routine endoscopy
and screening for H. pylori infection may not be necessary in
asymptomatic patients [17]. In one report, treatment of H.
pylori diminished the oral and genital ulcers. Furthermore
gastric pathogen H. pylori produces heat shock proteins
which is thought to play a role in the etiopathogenesis of BD
and may cause ulcers in the GI tract [18].

The intestinal lesions of BD occur in two forms: mucosal
inflammation and ischemia/infarction. The clinical presen-
tation of intestinal BD is similar to that of CD, which shares
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Figure 1: Endoscopically detected pseudopolips in small intestine
mucosa (with permission of Dr. O Sezgin).

many extraintestinal features such as oral lesions, uveitis, and
arthritis. The other stigmata of BD may appear later than the
gastrointestinal features. Thus, in areas of the world where
BD is common ileocolitis should be followed closely for the
other major stigma of BD and should be assumed to be a
manifestation of idiopathic inflammatory bowel disease [3].

The small intestine is the most frequently involved ex-
traoral part of the gastrointestinal tract in cases of BD. The
lesions are most commonly found in the terminal ileum,
particularly in the area of lymphoid aggregates and Peyer’s
patches, and the cecum, and less frequently in the colon.
Rectal and anal involvement is quite rare. Intestinal lesions
are located on the antimesenteric side [19]. Ileocecal in-
volvement in cases of BD is common in Japan and Turkey,
while colonic involvement is the usual pattern in Europe and
North America [3]. Isolated involvement of the ileum is not
uncommon in BD. Ileal visualization should be performed
at colonoscopic examination in clinical practice to document
the intestinal involvement. Most of the patients with BD have
inflammation in the ileum, even in the absence of visible
lesions [13]. The most common colonoscopic findings are
localized single or multiple ulcers in the ileocecal region, with
only 4% having a diffuse distribution of lesions (Figures 1,
and 2). The ulcers may be aphthous or, alternatively, deep
and round with a punched-out appearance. They are usually
localized but multiple in number and may resolve with
medical therapy. Longitudinal ulcers are rare. Fissuring and
linear ulcers up to 5 cm long may also be present. Enlarging
or newly formed ulcers coexist with healed ulcers. They have
a tendency to irregularly undermine surrounding tissues.
Edema-like swelling with crater formation around the ulcer
margins produces a characteristic “collar-stud”appearance
[20]. Adjacent to larger ulcers there are often smaller aphtoid
ulcers. BD is particularly charecterized by adjcent macro-
scopically normal-appearing mucosa [6]. Multiple superfi-
cial ulcers located predominantly in the terminal ileum in
Turkish patients differ from the single, large, deep ulcers
with distinct borders described in the Far East. By the way,
intestinal perforations may occur more commonly in Far

Figure 2: Endoscopically detected ulcers in small intestine mucosa
(with permission of Dr. O Sezgin).

Figure 3: Macroscopic specimen showing hemorrhagic areas on the
serosal surface and perforation (arrow) (with permission of Dr. DS
Arici).

East patients than West [12, 19, 21] (Figure 3) [22]. The
exact perforation mechanism in intestinal BD is not clear, but
there are several hypotheses. First, typical large, discrete, and
excavated ulcers penetrate, resulting in perforation. Second,
bowel dilatation may lead to perforation. Third, long-term
steroid use may be associated with the development of bowel
perforation. J. Chou et al. reported a series of 22 patients with
multiple intestinal perforations [23].

The colonic ulcers in BD have been classified as volcano-
type, geographic, and aphthous. Volcano-type ulcers were
defined as well-demarcated deeply penetrating ulcers with
nodular margins, converging folds, or pseudopolyps. Geo-
graphic-type ulcers were defined as shallow ulcers with sharp
edges, while aphthous-type ulcers were small, punched-
out shallow ulcers. Volcano-type ulcers had a less favorable
response to medical treatment, more frequent requirement
for surgery, and more frequent recurrences than the other
two types [2]. Histologically, vasculitis of the small veins
and venules is common in cases of intestinal BD. It is
characterized by a lymphocytic infiltrate (Figures 4, and 5)
[22]. However, chronic nonspecific (sometimes transmural
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Figure 4: Histopathologic examination showed nonspecific inflam-
matory cell infiltration surrounding the vessels (HE ×25) (with
permission of Dr. DS Arici).

and granulomatous) inflammation with a normal interven-
ing mucosal area may make it difficult to distinguish BD
from CD. Focal colitis has been documented in colorectal
biopsies obtained from patients with BD but without visual
or clinical evidence of rectal involvement demonstrable by
either endoscopic or radiologic examinations.

The abdominal complaints that lead to surgical interven-
tion are abdominal pain (92%), an abdominal mass (21%),
and/or melena (17%) [3]. Histopathologically, Behçet’s ulcers
contain nonspecific chronic inflammation, and the submu-
cosal connective tissue appears disrupted. Granulomas are
absent. The mucosa around the ulcers is usually normal in
appearance [20]. The presence of focal ulcers, fistulae, and
strictures and the ileocecal location may mimic CD. Since
the histologic features are nonspecific, one must rely on the
clinician to suggest the diagnosis. Just like the case reported
by Jarrahnejjad et al., the patient can be misdiagnosed
as having ulcerative colitis until pathological diagnosis of
vasculitis is determined [20, 24]. However, Kim et al. suggest
that inflammatory bowel diseases and Behçet’s disease may
be closely related and part of a spectrum of disease rather
than distinct disease entities [25].

There may also be perienteric infiltration, mild lym-
phadenopathy, mesenteric vascular engorgement, mild sple-
nomegaly, and minimal ascites. Complications of bowel per-
foration and peritonitis occur more commonly in patients
with a thickened bowel wall and severe perienteric infiltra-
tion rather than those with polypoid lesions. Although many
patients with BD have abdominal pain similar to appendici-
tis, the distinction can often be made with CT scanning.
MRI also demonstrates bowel wall thickening and increased
enhancement as well as extraluminal manifestations such as
mesenteric infiltration around the involved bowel. Indium-
111-labeled leukocytes can demonstrate localization in an
area of inflammation [2].

2.1. Pancreas. A patient with BD can develop features
consistent with either acute or chronic pancreatitis. Other
etiologic factors for pancreatitis such as gallstone, alcohol,
trauma, hyperlipidemia, and an infectious disease process
should be ruled out before accepting the case as being related
to BD. Biochemical evidence of pancreatitis can occur in

Figure 5: Mucosal ulceration (H&E ×10) (with permission of Dr.
DS Arici).

the absence of either sonographic or computer tomographic
findings and is a relatively common occurrence in cases of
BD [2]. Acute pancreatitis may respond to corticosteroids.

2.2. Liver. The most common hepatic complication of BD is
Budd-Chiari syndrome (BCS). BCS is an uncommon form
of portal hypertension caused by obstruction of the hepatic
venous outflow usually due to thrombi in the hepatic veins.
The main clinical features are hepatomegaly, leg edema,
ascites, and venous dilatation over the trunk. The radiologic
and liver biopsy findings confirm the diagnosis and provide
information for the selection of appropriate medical, inter-
ventional, or surgical therapies. Because vasculitis is a major
pathologic component of BD, hepatic vein vasculitis and
BCS occur often in cases of BD. However, with no histologic
evidence of vasculitis, a case of bile duct inflammation re-
sembling small duct primary sclerosing cholangitis has been
also reported.

The study of Bayraktar et al. is the largest series in the
literature, consisting of 14 cases of BD-associated BCS. Based
on this experience, it appears as if BCS is a relatively frequent
complication of BD that accounts for 42.4% of the cases of
BCS with recognizable underlying disease in Turkey. In most
patients with BD and BCS, the IVC, as well as the hepatic
veins, is involved. The clinical course of BCS in BD is poor
[3]. The major determinant of survival is the extent of the
vascular thrombosis in the IVC. BD may also contribute to
development of cavernous transformation of the portal vein,
portal vein thrombosis with splenomegaly, and superior vena
cava thrombosis.

The other hepatobiliary conditions reported to occur in
cases of BD are hepatomegaly due to fatty liver or congestion,
cirrhosis, acute hepatitis, chronic hepatitis, cholelithiasis,
acute cholecystitis, toxic hepatitis, hepatic abscess, primary
biliary cirrhosis, and hepatocellular carcinoma. Acute liver
failure and rapid death were found in one-third of patients
in one series. Münke et al., suggested an association between
BD and chronic hepatitis C [26]. Subsequently, Oğuz et
al. reported a 0.45% prevalence of anti-HCV antibodies in
a series of 224 cases of BD in Turkey [27]. They stated
that this finding is similar to the prevalence of anti-HCV
that occurs in healthy subjects and is much lower than
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the prevalence in hemodialysis patients (51%) [3]. Rare cases
include a hepatic artery aneurysm causing hemobilia as well
as pylephlebitis and septic thrombophlebitis of the portal
vein. Type AA amyloidosis complicates BD and presents
most often as diarrhea and malabsorption. It mainly involves
the GI tract and the kidneys with proteinuria that progresses
to nephrosis and renal failure. It has a 50% mortality rate
after an average duration of 3.4 years.

3. Differantial Diagnosis

Behçet’s disease should be considered in the differential
diagnosis in patients with recurrent orogenital ulcerations
and enterocolitis with a nonspecific histological feature [28].

3.1. Crohn’s Disease. The diagnosis of Behçet disease requires
the presence of recurrent oral ulceration. Other helpful clini-
cal features include ocular involvement, arthritis, erythema
nodosum, and recurrent genital ulceration. Unfortunately,
some of these may also be present in CD [20]. While
granuloma formation is a pathologic hallmark of CD, it is not
a characteristic lesion of BD just like cobblestoning and there
is less inflammation surronding ulcer in BD compared to CD
[12]. Longitudinal ulcers and granulomas tend to be uncom-
mon in Behçet’s colitis, Naganuma et al. reported intestinal
Behçet’s disease with longitudinal ulcers and noncaseating
granuloma [29]. The most characteristic pathologic feature
of BD is the finding of deep ulcers associated with vasculitis,
usually a venulitis [12]. The intestinal wall is of normal
thickness, unlike the rigid, narrowed segments seen in CD.
In addition, fistula formation and intestinal perforation tend
to occur early in BD as compared to CD where they occur
in a later course of the disease. Free perforation is rare in
cases of CD but can occur in BD. Korman et al. found that in
CD, but not in BD, enteroclysis, a radiologic examination of
choice in the detection of pathologic changes in small bowel
that shows the site and extension of the involvement, mucosal
abnormalities, complications, and recurrences, findings were
more severe, and cases generally were in the advanced stage
when compared with the duration of both diseases [9].
Scalloping, ulceronodular patterns, and complications such
as abscess formation are not observed in intestinal BD,
therefore certain EC findings are helpful in differentiating BD
from CD.

3.2. Steroid and Nonsteroid Anti-Inflammatory Drug-Induced
Damage. Steroid and nonsteroid anti-inflammatory drug-
(NSAID-) induced damage involves primarily proximal large
intestine and occurs in various forms including colitis, co-
lonic ulcers, pseudomembranous colitis, collagenous colitis,
bleeding, and perforation, while aphthous ulceration is very
rare. NSAIDs may occasionally cause small intestinal perfo-
ration, ulcers, and strictures that require surgery. The pa-
tient’s clinical history is important since many patients with
BD use steroids to control their disease. The ulcers that occur
in cases of BD differ from steroid-induced ulcers both in
size and appearance. Steroid-induced ulcer is usually single
while the ulcers of BD seen in long-term steroid treatment

are characterized by multiple perforations. In one study, the
frequency of intestinal perforation in patients with BD on
steroids was 41%. Also in cases of BD without a history of
steroid use, intestinal perforation can occur in up to 33% of
the patients [12].

3.3. Ulcerative Colitis. The ileocecal region is the most
frequently involved location in colonic BD. However, in
ulcerative colitis the disease usually starts in the rectum and
moves to the right colon, and also the ulcers are deeper in BD
than ulcerative colitis [12]. Furthermore, HLA-B51 has never
been reported in association with ulcerative colitis. Rather
significant association with B52 and DR2 with UC has been
reported [30].

3.4. Amebiasis. Differantion of amebiasis and BD is impor-
tant in the Middle East where both were frequently occur.
Endoscopically, the disease is diffuse in both conditions, and
the mucosa is hyperemic and is characterized by deep ulcers.
But the presence of an amoeba in a fresh stool specimen is
the best way to differentiate the two conditions [12].

4. Prognosis and Treatment

Prognosis of BD runs a chronic, unpredictable course with
exacerbations and remissions which decrease in frequency
and severity over time. Death is mainly due to major vessel
disease and neurological involvement. The prognosis is poor
for young males. Treatment of BD is usually palliative and
symptomatic. The preferred treatments are combined drug
therapy with any or all of the following: steroids, NSAIDs,
immunosuppressives, and cytotoxic agents [20]. Complete
remission is achieved in 38% of patients with intestinal BD
after 8 weeks of medical treatment. Surgery is the other
modality of treatment. Recurrence occurs in 49% of patients
in 5 years, especially those with intestinal perforation or
fistula formation. Recurrent lesions ocur at or near the anas-
tomoses in 1% of patients. Of those who undergo surgery,
75% recur within 2 years and are associated with a higher
rate of complications such as ocular and ileal lesions than
the nonsurgical group. The incidence of postoperative recur-
rence is less in those with normal intraoperative endoscopy
than those with lesions seen. High rate of recurrent disease is
observed especially in patients of Western or Chinese origin
[15]. The histologic features of recurrent disease resemble the
primary disease.
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case report and literature review,” Rheumatology International,
vol. 28, no. 11, pp. 1151–1154, 2008.

[8] J. H. Cheon, D. S. Han, J. Y. Park et al., “Development, val-
idation, and responsiveness of a novel disease activity index
for intestinal Behcet’s disease,” Inflammatory Bowel Diseases,
vol. 17, no. 2, pp. 605–613, 2011.

[9] U. Korman, M. Cantasdemir, S. Kurugoglu et al., “Enteroclysis
findings of intestinal Behcet disease: a comparative study with
Crohn disease,” Abdominal Imaging, vol. 28, no. 3, pp. 308–
312, 2003.
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ease: a rare cause of lower gastrointestinal bleeding,” Interna-
tional Journal of Colorectal Disease, vol. 21, no. 8, pp. 856–858,
2006.

[25] E. S. Kim, W. C. Chung, K. M. Lee et al., “A case of intestinal
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Medicine, vol. 43, no. 3, pp. 243–247, 2004.



Hindawi Publishing Corporation
Pathology Research International
Volume 2012, Article ID 209316, 7 pages
doi:10.1155/2012/209316

Review Article

Histopathological Evaluation of Behçet’s Disease and
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Behçet’s disease (BD) is a multisystemic, relapsing inflammatory disorder with an obscure etiology and pathogenesis. Diagnosis
depends on the clinician’s ability to identify a group of nonspecific mucocutaneous lesions, which also manifest in a number of
other diseases. In recent years, there has been an increase in the studies focusing on the histopathological aspects of Behçet’s disease
diagnostic mucocutaneous lesions. Their results emphasize the value of histopathology and direct immunofluorescence (DIF) in
the differential diagnosis of Behçet’s disease.

1. Introduction

After seventy-four years, since Dr. Hulusi Behçet had pub-
lished his classic paper describing the three major signs [1],
BD are still an enigma for clinicians and researchers. Almost
all aspects of BD is a source of debate and even its diagnostic
criteria, classification, and pathogenesis are controversial [2–
4].

In the last two decades, extensive studies have been
conducted to reveal the nature of BD. In the light of these
studies, BD is now recognized as a chronic, multisystemic
vasculitis [2, 5–7]. Whether this vasculitis is a result of
autoimmunity is controversial [2, 3], but there is increasing
evidence indicating the possible role of immunologic mech-
anisms in the pathogenesis. Evaluation of lesion-free skin
and mucocutaneous lesions of patients with BD patients by
DIF reveals immunoreactant deposits on the vessel walls [8–
11]. Also, elevated serum levels of several proinflammatory
cytokines (IL-1, IL-4, IL-6, TNF-α, etc.) have been reported
in these patients [12]. A special subgroup of T lymphocytes
(γδ T lymphocytes), which play an important role in mucosal
immunity, are found to be present in the increased numbers
in circulation and mucosal lesions of patients [13]. Several
research groups found out that cultured γδ T lymphocyte
cells proliferate when stimulated with mycobacterial heat
shock proteins and products of several oral pathogen
microorganisms [13, 14].

Correlation between the hyperactive state of neutrophils
and BD activity is another well-known fact. The underlying
mechanism is unknown. Antigen-presenting cell and T-
lymphocyte-derived cytokines and chemokines are believed
to be responsible for neutrophiles hyperreactivitiy [15].

BD is mostly encountered in the Mediterranean and
Middle and Far East countries, Turkey having the highest
prevalence with 80–420 cases/100.000 [3, 16].

Genetic studies show statistically significant association
with HLA-B51 [17, 18].

Antiendothelial antigens are another immunological
anomaly found in BD patients, but there is no solid evidence
for their participation in the pathogenesis [19].

Considering available information, it is no surprise that
most of the working hypotheses for the BD pathogenesis
point out an external factor (an infectious or regional
pathogen, i.e., Parvovirus B19 [20], Helicobacter pylori
[21], Streptococcus sanguis [22], etc.). This factor probably
stimulates an abnormal immune reaction, during which
certain types of lymphocytes are stimulated and neutrophils
reach a hyperreactive state in the people with a genetic
predisposition. Diagnosis of BD depends on the presence
of several clinical findings. These findings are defined by
the International Study Group (ISG) of Behçet’s Disease
and published in 1990 [23] (Table 1). Major weak points
of ISG criteria are the occasional long intervals between
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Table 1: Diagnostic criteria of Behçet’s disease defined by International Study Group.

Mucocutaneous lesions Description

Recurrent oral ulceration
Minor, aphthous, major aphthous, or herpetiform ulceration observed by physician or patient that
recurred at least 3 times in one 12-month period

Plus 2 of the following criteria:

Recurrent genital ulceration Aphthous ulceration or scarring observed by physician or patient

Eye lesions
Anterior uveitis, posterior uveitis, cells in vitreous on slit lamp examination, or retinal vasculitis
observed by ophthalmologist

Cutaneous lesions
Erythema nodosum, pseudofolliculitis, papulopustular lesions, or acneiform nodules observed by
physician in postadolescent patients not receiving corticosteroid treatment

Positive pathergy test Read by physician at 24 to 48 hours

manifestations of mucocutaneous lesions with the diag-
nostic value and lack of their specificity. Similar lesions
may manifest in an extensive number of diseases (e.g.,
papulopustular lesions, erythema nodosum). Knowledge of
histopathological features of BD mucocutaneous lesions may
be beneficial for differential and early diagnosis.

2. Aphthous Oral Ulcers

Aphtous oral mucosa ulcers (AOUs) are usually the initial
clinical manifestation [4, 24]. Ideguchi et al. evaluated 412
BD patients’ hospital records covering 16 years follow-up
data [4]. The result of this study revealed that in some cases
AOU had proceeded 10 years a definitive diagnosis. Unfortu-
nately, AOUs are neither specific nor rare. Similar ulcers may
be observed during the course of several systemic or local
diseases, including inflammatory bowel diseases (Crohn),
Sweet syndrome, cyclic neutropenia, and herpes infections. If
recognized by clinican, other clinicial manifestations of this
disease may enable a quick differential diagnosis.

Regardless of the concurrent disease, morphologies of
AOU are similar. An AOU has sharp borders surrounded
by an erythematous rim and a base covered with yellow-
white coloured pseudomembrane. AOUs are classified into
three groups according to ulcer diameter, but these three
morphological forms are recognized as parts of the same
spectrum.

(1) Minor aphthae are shallow mucosal ulcers with a
diameter <10 mm, which may be found in groups,
usually on nonkeratinized section of oral mucosa
(lateral sides and ventral surface of tongue, mouth
floor).

(2) Major aphtous ulcers have similar morphologies, but
they have larger diameter (>10 mm), are deeper than
the minor variants, and tend to heal with scarring.

(3) Herpetiform aphthae are pinpoint shaped, very small
and shallow mucosal ulcers and tend to occur in
crops. Sometimes they may converge and form large
ulcers with irregular borders.

Several pathogenetic mechanisms for aphtous ulcers have
been proposed such as T-cell-mediated immunologic reac-
tions, inhibition of mucosal healing by cytokines, nutritional

(vitamin B12, folic acid) deficiencies, and viral or bacterial
assault, but neither of these are proven.

To include oral aphtous ulcers in the diagnostic criteria
of BD, at minimum three episodes should be observed in
one year. Since a definitive BD diagnosis requires the other
mucocutaneous features to develop, patients may undergo a
long prediagnostic interval, manifesting only oral aphthae.
Recurrent aphtous stomatitis (RAS), the most common
type of oral aphthae [25–28], affects nearly one quarter
of the world population [1] and runs a similar course
to the prediagnostic phase of BD, providing a diagnostic
challenge for the clinician. RAS patients, regardless the
intensity of the mucosal disease, do not develop any other
systemic symptoms. In recent years, many studies evaluating
morphological, histopathological, and immunohistochemi-
cal features of RAS and BD have been published [8, 25].
Oh et al. compared the clinical features of RAS and BD and
found minor differences [25]. According to this study, BD
patients tend to manifest more major aphthae on their oral
mucosa, and involvement of more than two sites was more
common in BD. Also, exacerbation of oral aphthae during
the premenstrual period was more frequent in BD patients.
But these results are not definitive for differential diagnosis,
and researchers stated that RAS patients should be followed
up for potential manifestation of BD [25].

Due to AOU tendency to spontaneous healing and well-
known morphology, biopsies are rarely performed, and,
due to similar histopathological features of all variants of
aphtous oral ulcers, histopathological examination has a
limited value in the differential diagnosis. Lymphocytes,
macrophages, and neutrophils are observed at the base of
an AOU [29]. The infiltrate is more pronounced around
the vessels. Although classified as vasculitis, some studies
report that most mucocutaneous lesions in BD do not
present typical characteristics of an actual vasculitis [7].
Fibrinoid necrosis in the vessel walls is reported to be very
rare [5]. At the periphery of the ulcer base, the infiltrate
may penetrate into the epidermis. Some recently published
direct immunofluorescence (DIF) studies report IgM and C3

deposits in perivascular region with or without granular C3

deposits at the dermoepidermal junction in the perilesional
skin of AOU in Behçet’s disease patients [8, 25]. Also in
another study, Wilhelmsen et al. evaluated perilesional skin
of 23 RAS patients with direct immunoflourescence and



Pathology Research International 3

Table 2: An overview of the reported histopathological and immunoflourescence features of Behçet’s disease common mucocutaneous
lesions.

Mucocutaneous lesions Reported histopathological features

Recurrent oral Aphthae

Lymphocytes, macrophages, neutrophils at the base of the ulcer, sometimes penetrating epidermis at
the periphery

Similar infiltrate at the perivascular regions in dermis fibrinoid necrosis of vessel walls (rare)

Also granular IgM and C3 deposits in dermoepidermal junction and in perivascular regions (in RAS,
no deposits of immunoreactants) [30]

Genital ulceration Similar histopathological features to oral aphthae

Erythema-nodosum-like lesions

Neutrophilic vasculitis

Lymphocytic vasculitis

Necrobiosis

IgM deposits at the vessel walls [40]

Pathergy reaction

Perivascular infiltrate of mononuclear cells

Vasculitis (neutrophilic, leukocytokclastic) (+/−)

Presence of mast Cells.

IgM, IgA, and C3 deposits

Papulopustular lesions

Intraepidermal pustules, spongiosis, neutrophil/lymphocyte exocytosis, and basal keratinocyte
vacuolization,

Edema in dermis, lymphohistiocytic/neutrophilic inflammatory infiltration between collagen fibers,
and perivascular areas

Vasculitis (+/−)

Thrombophlebitis
Thrombi in the vessel lumen

Perivascular infiltrate of mononuclear cells

found out the immunocomplexes to be absent [30]. Clinical
significance of this study requires to be validated by other
studies. If validated, this finding may be of utmost value in
the differential diagnosis of RAS and BD (see Table 2).

3. Genital Ulcers

Genital ulcers manifest in the majority of BD patients
[31, 32]. Usually larger than oral aphthae, genital ulcers
of BD have similar clinical features. Most common places
for genital ulceration are the scrotum and the shaft of the
penis in men and the major and minor labia in women.
Genital ulcers have irregular borders, are deeper than oral
aphthae, and heal with scarring and occasionally causing
fistulae extending to the urethra or bladder. Borders of
genital ulcers are surrounded by an erythematous rim and
fibrinous material, and whitish-yellow pseudomembranes
can be found on the ulcer base. Observation of genital ulcers
or remaining scars is of diagnostic value.

Many sexually transmitted diseases (STDs) manifest
with genital ulcers, but usually, most STD diagnoses can
easily be established with physical examination findings
(i.e., lymphadenopathies—bubo formation in chancroid,
lack of pain in syphilitic ulcer fever, and malaise). Also,
direct observation of pathogenic microorganisms obtained
via swaps by Wright, Giemsa stains and cultures for the
suspected pathogens from ulcer bases usually make the
histopathological evaluation inessential. Histopathology of
genital ulcers is similar to that of the oral aphthae. The same
mixed infiltrate consisting of neutrophiles, lymphocytes, and

macrophages is ever-present at the ulcer base. In conclusion,
diagnosis of Behçet’s disease genital ulcers is a diagnosis of
exclusion (see Table 2).

4. Extragenital Ulcers

In some BD patients, cutaneous ulcerations similar to
aphtous lesions are reported on different locations other
than oral mucosa and external genitalia. Legs, neck [33], and
interdigital areas are some of the reported sites. Extragenital
ulcers are seen in about 3% of BD patients and observed
usually in children [34, 35]. A typical extragenital ulcer is a
small, circumscribed, shallow ulcer with a red rim and yellow
or grey base. These ulcers may persist for weeks and can be
very painful. Due to their infrequency, there are few case
reports and fewer studies evaluating these ulcers. Azizlerli et
al. reported vasculitis in four cases [33] (see Table 2).

5. Erythema-Nodosum-Like Lesions

Nodular lesions located on the lower extremities resembling
erythema nodosum are frequently seen in Behçet’s disease
patients. Erythema-nodosum-like lesions (ENLs) are rather
common [36]. ENLs manifest mostly in females. Other
than lower extremities, ENLs are reported on face and neck
[31]. ENLs do not ulcerate and heal in 2-3 weeks. The
main difference between erythema nodosum and ENL is the
existence of vasculitis and necrobiosis in the latter. Nodular
vasculitis is another condition, which may resemble ENL
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and can be distinguished by the presence of granulomas and
lymphocytic infiltration of subcutis.

There are conflicting results concerning the nature of
the vasculitis. Two research groups, Chun et al. [37] and
Kim and LeBoit [38], reported “lymphocytic vasculitis” as
the dominant pattern. On the other hand, observation of
“neutrophilic vasculitis” patterns was also reported [4, 39].
Pathogenesis of ENL vasculitis is unknown. Kaneko et al. [40]
reported IgM deposits in the vessel walls in the lesional skin.
Some authors believe this vasculitis to be a secondary event
to lymphocytic infiltration [37]; others [41] proposed ENL
vasculitis as a primary vasculitis (see Table 2).

6. Pathergy Reaction

The term “pathergy” is used to define the cutaneous hyper-
reactivity to minimal trauma. A positive pathergy reaction in
BD is characterized by an erythematous, indurated papule
at the site of trauma, which usually evolves into a sterile
pustule. Pathergy is one of the diagnostic criteria for BD
and accepted as a sign for the active disease. Neutrophilic
dermatoses (pyoderma gangrenosum, Sweet syndrome, and
erythema elevatum diutinum) are also known for positive
pathergy reaction. In this conditions, especially in pyoderma
gangrenosum (PG), positive pathergy may have different
manifestations. Pathergy in PG may describe development
of the new skin lesions, the exacerbation of the existing
ones following a minor skin trauma, or rapid enlargement
of PG after debridement [42, 43]. Pathergy positivity is also
reported in chronic myeloid leukemia (CML) patients [42].

The underlying mechanism of pathergy is unknown, and
test positivity differs between different countries. Pathergy
positivity is observed more frequently in the Mediterranean
peninsula and Japan [31].

Results of the histopathological studies of pathergy in
BD are conflicting. The only consensus on this subject is
the presence of an infiltrate consisting of mononuclear cells
around dermal vessels at the pathergy site. Some studies
revealed the neutrophils as the major constituent of the
infiltrate [44], while research groups found percentage of
neutrophils relatively low [45]. There are also conflicting
results in regard to vasculitis in pathergy of BD. Jorizzo et al.
reported leukocytoclastic vasculitis [46]. Ergun et al. studied
the change in the histopathological features of pathergy in
BD patients and failed to observe a vasculitic pattern [47].

Presence of mast cells at the pathergy site is another
histopathological feature worth of mentioning [42, 48].
Degranulation of mast cells is suggested to play a role in the
pathergy [42, 49].

In 2009, Kose published a paper evaluating IgG, IgM, IgA,
and C3 deposits in 108 BD patients by direct immunofloures-
cence, 44 of the skin samples were obtained from positive
pathergy sites, and high deposition rates of IgM, IgA,
and C3 were found [8], indicating a probable underlying
autoimmune mechanism (see Table 2).

7. Papulopustular Lesions (PPLs)

Papulopustular lesions (PPLs) are the most common cuta-
neous manifestation of BD [31, 32]. PPLs are observed on
the trunk, face, and extremities. ISG criteria concerning PPLs
define them as “pseudofolliculitis or papulopustular lesions;
or acneiform nodules observed by physician in postado-
lescent patients not receiving corticosteroid treatment” and
do not clarify the exact nature of lesions. ISG definition
of PPL refers to papular lesions on an erythematous base
and progressing to sterile pustules [50], but papulopustular
lesions of acne are also consistent with this definition,
rendering this criteria impractical in the BD diagnosis during
the adolescence period.

To determine whether a papulopustular eruption is a part
of BD complex is probably the most challenging part of the
diagnostic process. Some authors propose that nonfollicular
lesions located in other than face are more specific for
Behçet’s disease [31] and some propose exclusion of PPL
from the diagnostic criteria due to its vague definition [50].
Despite the increasing number of studies evaluating the
histopathological features of PPL, the exact nature of PPL is
still needed to be established.

The results of these histopathological studies are also
contradictory. Certain study results indicate the presence of
vasculitis [5, 31, 32, 50] in the histopathological sections and
suggest that the term “pseudofolliculitis” is a misnomer and
that it should be dropped [5, 31], while some authors report
perifolliculitis or suppurative folliculitis observed during the
histopathological evaluations and consider histopathological
sections of little help in the differential diagnosis [51]. More
recent studies support the role of vasculitis in the evolution of
Behçet’s disease papulopustular lesions [5, 10, 31]. Intraepi-
dermal pustules, spongiosis, neutrophil or lymphocyte exo-
cytosis, basal keratinocyte vacuolization, edema in dermis,
lymphohistiocytic or neutrophilic inflammatory infiltration
between collagen fibers and perivascular areas, fibrin deposi-
tion within vessel walls, endothelial swelling, and erythrocyte
extravasation are reported as the histopathological features
of Behçet’s disease PPL [10]. To further clarify the presence
of vasculitis, PPLs were evaluated by immunofluorescence
[8, 9, 11]. A study by İlknur et al. failed to find any
difference between the direct immunofluorescence findings
of eighteen Behçet’s disease patients and sixteen patients
with bacterial folliculitis and five patients with acne [9]. In
other two studies [8, 11] (seventeen and one hundred eight
patients, resp.) immunoreactant deposition in the lesional
and nonlesional skin of the BD patients was evaluated and
significant deposition, especially IgM in the lesional skin
was reported, supporting the immune-mediated vasculitis
hypothesis (see Table 2).

8. Thrombophlebitis

Behçet’s disease may also affect major vessels. Although there
are conflicting views about the presence of an actual vas-
culitis in the mucocutaneous lesions of BD, actual vasculitis
of major vessels is welldocumented [7, 31]. Involvement of
any vessel is possible, but venous system seems to be the
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primary target [52, 53] and subcutaneous thrombophlebitis
is reported to be the most frequent in the venous involvement
[31]. Exact pathogenesis is unknown, but Th-1 type inflam-
matory response is suspected just as in other vasculitides
like Wegener Granulomatosis and temporal arteritis. Unlike
other primary vasculitides, major vascular involvement of
BD predominantly affects males [7].

Subcutaneous thrombophlebitis is another common
cutaneous manifestation of BD. Erythematous, tender nod-
ules occur on the site of venous involvement. Consistent
with the size of the affected vessel, an erythematous, lineer
hardening can also be palpated. During an activation period,
several separate nodules may manifest consecutively on
different localizations since multiple vascular segments may
be involved, so BD must always be included in the differ-
ential diagnosis of “superficial migratory thrombophlebitis.”
Superficial thrombophlebitis may also herald the coexisting
major vessel vasculitis and thrombotic condition [54, 55].
Histopathology of superficial thrombophlebitis is nonspe-
cific. A thrombi in the vascular lumen and concomitant
perivascular infiltrate consisting of mononuclear cells are the
classical histopathological features (see Table 2).

9. Rare Cutaneous Lesions

There is an increasing number of reports about other
coexistent cutaneous lesions in Behçet’s disease patients.
Among these are; erythema-multiforme-like lesions [56],
polyarteritis nodosa-like lesions [57], pernio-like lesions
[58], Sweet syndrome [59], necrotizing folliculitis [60], and
necrotizing cutaneous small vessel vasculitis. Since reports of
similar cases are so rare, association between BD and these
skin lesions is not clear and they can be coincidental [31]. No
extraordinary histopathological findings in these cases were
reported.

Abnormalities observed in nailfold capillaroscopy are
an intriguing and recently defined aspect of BD. Unlike
the aforementioned cutaneous lesions, abnormalities in the
periungual vessels were observed in relatively large patient
populations. Movasat et al. described enlarged capillaries
(26%), hemorrhages (16%) in the nail folds of 128 patients
with BD [61], and suggested high blood pressure due to
Behçet’s disease major vessel involvement as the probable
underlying factor.

10. Conclusion

Diagnosis of BD still depends of the clinican’s ability to rec-
ognize various, nonspecific mucocutaneous lesions and this
nonspecific character of lesions may be a major problem dur-
ing the diagnostic process (e.g., whether the papulopustular
lesions of a patient with recurrent AOU belong to diagnostic
criteria). In recent years, histopathological and immuno-
histochemical evaluation of BD mucocutaneous lesions of
B has become focus of many research groups, aiming to
enhance the diagnostic value of these lesions. Although there
are some contradictory reports, there are increasing reports
supporting an underlying immune-mediated vasculitis in

the BD mucocutaneous lesions. Leukocytoclastic vasculitis,
fibrinoid necrosis of postcapillary venules, or perivascular
neutrophilic accumulations are some of the reported pat-
terns in the early stages of the cutaneous lesions [31]. In
conclusion, for the differential diagnosis of mucocutaneous
lesions of BD (e.g., recurrent oral aphthae, papulopustular
eruptions), immunoflourescence methods seem promising.
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Behçet’s disease (BD) is a systemic inflammatory disorder characterized mainly by recurrent oral and genital ulcers and
eye involvement. Although the pathogenesis remains poorly understood, a variety of studies have demonstrated that genetic
predisposition is a major factor in disease susceptibility. Peculiar geographical distribution of BD along the ancient Silk Road
has been regarded as evidence supporting genetic influence. The observed aggregation of BD in families of patients with BD is also
supportive for a genetic component in its etiology. HLA-B51 (B510101 subtype) is the most strongly associated genetic marker for
BD in countries on the Silk Road. In recent years, several genome-wide association studies and genetic polymorphism studies have
also found new genetic associations with BD, which may have a supplementary role in disease susceptibility and/or severity. The
author reviewed the HLA and non-HLA genetic association studies.

1. Introduction

Behçet’s disease (BD) is a complex syndrome characterized
mainly by recurrent oral aphthous ulcers, genital ulcerations,
and ocular involvement. This triple-symptom complex was
first described by Hulusi Behçet, a Turkish dermatologist, as
a separate disease entity. Later, other associated clinical fea-
tures were described [1, 2]. Although the aetiology is still
obscure, BD is believed to be triggered by environmental
factors such as microbial agents in individuals with a particu-
lar genetic background. Interactions of genetic and environ-
mental factors in BD patients may underlie pathogenic pro-
cesses, which may influence the development of the disease
and modify its course. The prevalent distribution in a specific
geographical area, the close association with HLA-B51 in
different ethnic groups, and the familial clustering of BD are
hallmarks accounting for the strong contribution of a genetic
background [2, 3]. Here we review the current knowledge of
the genetic basis of BD and their implications in pathogenesis
of BD and summarize the important findingsin Table 1.

2. Geographical Distribution

The prevalence of BD is known to be high in Japan,
China, Turkey, and the Mediterranean and the Middle
Eastern countries. It is hypothesized that this geographical
distribution of BD from Japan to the Middle East and

the Mediterranean basin correlates with the distribution
of HLA-B51 by old nomadic or Turkish tribes via the
ancient Silk Road. This peculiar geographical distribution
have been regarded as evidence supporting genetic influence
on the pathogenesis of BD [1, 4, 5]. The highest prevalence
rates of BD were reported from Turkey as 420/100.000 in
Istanbul, 380/100.000 in a rural area in northern Turkey,
and 110/100.000 in Ankara [6–8]. Usually prevalence rates
between %7/100.000 and %30/100.000 were reported in
Middle East, Mediterranean, and Far East countries [1, 9].
It is rarely seen in Western and Northern Europe and United
States, for example, its prevalence reported 2,26/100.000 in
Germany and 5,2/100.000 in the United States [10, 11]. In
sub-Saharan Africa, Australasia, and among Amerindians
the disease is rare or almost absent [9]. The prevalence
of BD in Berlin was reported to be the highest among
Lebanese (101.3/100 000) and Turkish (77.3/100 000) people,
while the lowest prevalence was reported among Germans
(1.4/100 000) [12]. These findings suggest that BD prevalence
is mostly dependent on ethnic origin and genetic factors
rather than environmental factors [9, 12].

3. HLA-B51 and Other HLA Genes Associated
with BD

HLA-B51, one of the split antigens of HLA-B5, has been
found to be the most accurate genetic marker for BD to date
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Table 1: Findings supporting the genetic background of Behçet’s disease.

Studies Findings/associations

Epidemiology Geographical distribution: from Japan to the Middle East and the Mediterranean basin

Ethnic origin Prevalence in Berlin: high in Lebanese and Turks and low in Germans

HLA HLA-B51 (B510101 subtype)

Genome-wide association studies
(i) MHC Class I region: HLA-B51 (B5101)

(ii) Non-HLA regions: IL10 region and region between IL23R and IL12RB2

(iii) Chromosome regions: 6q25-26, 12p12–13

Familial aggregation
(i) In patients with pediatric onset

(ii) Autosomal-recessive Mendelian mode of inheritance in a pediatric subgroup

Twin concordance studies High concordances in monozygotic twins

Gene polymorphism studies
Inconsistent and weak associations, further investigations are needed for definitive
conclusions

in different ethnic groups. However, its contribution to the
overall genetic BD susceptibility was estimated about to be
20% [13]. The HLA-B51 is frequent in BD patients, with
a range of 40–80% in ethnic groups including Turkish,
European, and Asian populations from the Middle East to
the Far East, whereas it can be as low as 13% among white
patients in western countries [3, 9]. And in our study, we
observed HLA-B51 in 46 (54.1%) of our 85 Turkish patients
[1]. In general, the strongest correlation between BD and
HLA-B51 is seen among populations with a high incidence
of HLA-B51 and BD, and the weakest correlation is seen in
populations where BD and HLA-B51 are rare [1, 9]. In a
recent meta-analysis of 4,800 patients with BD and 16,289
controls from 78 independent studies, the pooled odds ratio
(OR) of HLA-B51/B5 allele carriers to develop BD compared
with noncarriers was found to be 5.78 (95% CI 5.00–6.67).
They found that the pooled rates of HLA-B51/B5-positive
BD cases varied across geographic locations, but interestingly
the relative risk increases associated with this allele appeared
to be fairly even for different ethnic populations [14].

There are more than 89 different subtypes of HLA-B51,
and HLA-B5101 is the major suballele associated with BD
in all the populations studied. HLA-B5108 was also found
to be associated with BD in the Middle Eastern, Italian,
Spanish, Greek, Turkish, and German patients. Oppositely,
it has been suggested that HLA-B5107 might be negatively
associated with BD in the Turkish and German populations
[3, 9]. Recently, Y. Takemoto et al. investigated HLA-B5101
gene from Japanese, Turkish, Jordanian, and Iranian patients
and found that all the patients have B510101 suggesting
that the susceptibility to BD was conferred by the B510101
subtype and not by any genes in linkage disequilibrium
with HLA-B51 [15]. Accordingly, Amerindian populations,
known to carry a high frequency of HLA-B51 but having no
BD incidence, are known to carry the highest frequencies of
nonsusceptible HLA-B510201 allele [9, 16].

In our study, we also investigated the association of
HLA class I alleles with the manifestations of BD. We found
that BD patients with HLA-B51 antigen are almost four
times more likely to have thrombophlebitis than patients
without it. We also found some less significant associations:

decreased HLA-B35 frequency in patients with throm-
bophlebitis, increased HLA-A29 and decreased HLABw6
frequency in patients with ocular involvement, decreased
HLA-Cw2 frequency in patients with erythema nodosum,
and decreased HLA-Cw7 frequency in patients with genital
ulceration [1]. Zouboulis et al. also found that both superfi-
cial thrombophlebitis and deep thrombosis significantly were
more frequent in HLA-B5-positive BD patients compared
with HLA-B5-negative patients. They did not observe any
other association between the class I HLA antigens and
manifestations of BD [17]. Alekberova et al. found super-
ficial thrombophlebitis statistically more frequent in HLA-
B5-positive BD patients [18]. However, Muftuoglu et al.
observed no HLA allele association with thrombophlebitis,
ocular involvement, arthritis, and erythema nodosum in BD
patients [19].

The pathogenetic role of HLA-B51 in BD has yet to
be elucidated. However, HLA-B51 molecule itself may be
responsible, at least in part, for neutrophil hyperfunction in
BD, since HLA-B51-transgenic mice show enhanced neutro-
phil function as seen in BD patients, although these mice
did not develop the symptoms of BD [20]. Because a pri-
mary role of HLA class I antigens such as HLA-B51 is to
present endogenous peptides to CD8+ T cells, the lack of the
disease phenotype in this mouse model can be explained by
the absence of an triggering microbial or injury-related pep-
tide that would activate the disease-relevant CD8+ T cells.
MICA (9-mer peptide AAAAAIFVI) is a stress-inducible an-
tigenic peptide, and it is one of the many triggering can-
didates of BD. Yasuoka et al. showed that only HLA-B51-
positive BD patients with active disease showed a MICA-
mediated cytotoxicity and they also showed that this specific
T cell response was lost after the BD-related symptoms dis-
appeared [21]. Superoxide production by neutrophils was
also reported to be increased in HLA-B51-positive individ-
uals [22]. These findings suggest that HLA-B51 could be
associated with neutrophil hyperfunction in BD.

Several other HLA class I and class II alleles includ-
ing HLA-A26, HLA-B15, HLA-B5701, HLA-B2702, HLA-
B3901, HLA-B52, HLA-B56, Cw1, Cw14, Cw15, Cw16, HLA-
DRB104, and HLA-DRB107 have been described to be
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associated with BD in different populations. Positive and
negative associations with nonclassical HLA-E, HLA-F, and
HLA-G polymorphisms were also detected in Korean and
Japanese patients. But because of their low incidence or the
small size of investigated populations, mostly significance
levels have been weak and most of them were achieved in
single studies only. Therefore, they are generally not consid-
ered to give primary susceptibility to the disease. In addition,
since there is strong linkage disequilibrium within the MHC
region it is not clear whether these associations cause sus-
ceptibility to BD or they have a linkage disequilibrium with
HLA-B51. Among these associations HLA-A26, HLA-B15,
and HLA-B5701 were found to be independently associated
with BD [1, 3, 9, 23–25].

The MHC class I chain-related gene A (MIC-A) was also
regarded as a candidate for BD genetic susceptibility. Sev-
eral studies have demonstrated associations between MIC-
A009, MIC-A006, MIC-A6 TM, and BD. However, these
associations appear to be the result of a strong linkage dise-
quilibrium of MIC-A with HLA-B51, so today they are not
considered as the primary susceptibility genes for BD [9, 26].

4. Genome-Wide Association Studies (GWASs)

GWAS can facilitate new unbiased biologic insights into
disease pathogenesis, and they can provide more definite
answers for the cause of the diseases of complex genetic
trait when performed in large groups and confirmed in
different populations. The first GWAS was relatively small
and was reported in Turkish BD patients: Fei et al. identified
genetic associations between BD and single-nucleotide poly-
morphisms (SNPs) in KIAA1529, CPVL, LOC100129342,
UBASH3B, and UBAC2 (OR = 2.04, 2.26, 1.84, 1.71, and
1.61, resp.). Interestingly, none of these five susceptibility
loci had been associated with BD before. The functions of
two are not known, and the genes UBASH3B and UBAC2
both contain a UBA, suggesting that both gene products are
involved in the ubiquitination pathway. CPVL gene encodes
for a carboxypeptidase that cleaves a single amino acid from
the carboxy terminus of proteins or peptides [27].

Remmers et al. performed a GWAS with 311,459 SNPs
in 1215 BD patients and 1278 healthy controls from Turkey.
They confirmed HLA-B51 association and identified a sec-
ond, independent association within the MHC Class I region.
In addition, the results of the meta-analysis including a
total of 2430 cases and 2660 controls established associations
with the interleukin10 (IL10) variant (OR: 1.45) and with
a variant located between the IL23 receptor (IL23R) and
IL12 receptor β2 (IL12RB2) genes (OR: 1.28) [28]. Recently,
Mizuki et al. performed a similar GWAS using a larger
sample pool using 500, 568 SNPs in 612 Japanese individuals
with BD and 740 unaffected controls, and the HLA-B region
showed the most significant association with BD (rs4959053,
P = 1.8×10−26). They also detected genome-wide significant
associations outside the HLA complex, at P = 2.7× 10−8 for
rs12119179, which is located in the 47 kb intergenic region
between IL23R and IL12RB2. The second strongest region
of association they found was rs1554286, located within

the intron 3 of IL10 (P = 8.0 × 10−8) [29]. The results of
these 2 large GWASs provide cross-validation of these two
non-HLA regions, IL10 and IL23R-IL12RB2 associations
in two distinct populations. IL23 is a heterodimeric pro-
inflammatory cytokine that has been shown to stimulate
T helper cell proliferation and increase the production of
inflammatory cytokines such as IL1, IL6, IL17, and TNFα.
IL10 is a potent suppressor of inflammatory cytokines such
as IL1, IL6, IL12, TNFα and IFNγ and inhibits T cell and NK
cell activation [29].

Meguro et al. also performed a GWAS in BD among
23.465 microsatellites, and 6 best positively associated
microsatellites (of a total of 147) (D3S0186i, D6S0014i,
D6S0032i, 536G12A, D12S0645i, and D22S0104i) with BD
were identified. New studies are needed to identify the im-
portance of these microsatellites in the pathogenesis of BD.
They also performed a class I HLA analysis. They found
HLA-B5101 as the strongest susceptibility allele for the de-
velopment of BD. Interestingly, among the HLA-B5101-neg-
ative patients, HLA-A26 was found to be the most strongly
associated allele with BD (allele: 25.9% versus 10.6%, OR =
2.96). Significantly increased incidences of HLA-F010101
and HLAG010102 in patients with BD probably result from
linkage disequilibrium with HLA-A26 [30]. In previous
studies, HLA-A26 was significantly associated with BD in
Japanese, Taiwanese, and Greek populations. On the con-
trary, in Ireland, Italy, and Turkey, HLA-A26 was increased
in healthy controls compared with patients with BD, but
not significantly [30]. Karasneh et al. performed a whole-
genome linkage analysis with 395 microsatellite markers and
identified 16 potential loci for BD, 1p36, 4p15, 5q12, 5q23,
6p22–24, 6q16, 6q25-26, 7p21, 10q24, 12p12-13, 12q13,
16q12, 16q21–23, 17p13, 20q12-13, and Xq26–28 with the
strongest evidence seen for 12p12-13 and 6p22–24 [31]. Two
chromosome regions were consistent with the regions of two
BD susceptibility markers, 536G12A and D12S0645i, which
were located on 6q25.1 and 12p12.1, which were found by
Meguro et al. in their genome-wide association study [30].

5. Familial Aggregation

Familial aggregation has been also regarded as an evidence
supporting the genetic predisposition to BD and has been
reported in 1–18% of the patients, mostly of Turkish, Israeli
and Korean origin, and it is increased in patients with
juvenile disease and is especially manifest in families of
probands carrying HLA B51. The familial aggregation of BD
has been observed in different ethnic groups with a variable
frequency. It is higher in Turks (18.2%), Koreans (15.4%),
and Jews (13.2%) than in Chinese (2.6%), Japanese (2.2%),
and Europeans (1%) [3, 32–34].

Analysis of a small group of multicase families did not
demonstrate any particular Mendelian inheritance pattern
[35]. However, a recent study provided evidence of an autos-
omal-recessive Mendelian mode of inheritance in a pediatric
BD subgroup suggesting that genetic load might be higher in
children with BD than in adults [36]. A genetic anticipation,
in the form of earlier disease onset in the children of the
affected parents, has also been observed in a group of Turkish
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families. The expansion of unstable trinucleotide repeats has
been proposed as the genetic basis of the defect in familial
cases [37]. Treudler et al. observed that juvenile-onset disease
was characterized by an increase in familial cases (25% versus
8% in patients with adult onset; P = .047) [38]. Laghmari
et al. evaluated clinical characteristics of BD in Moroccan
children, and they reported the familial disease in 30.7%
of their cases, which is the highest familial aggregation rate
reported so far [39]. I. Koné-Paut reported that 13 of the
106 pediatric patients (12.3%) and 9 of the 399 nonpediatric
patients (2.2%) had relatives affected by BD. This excess
of familial cases in the pediatric group compared with the
nonpediatric group was found to be significant (P < .0001).
They also found that the mean age of attaining criteria in
familial cases (17. 95 years) was significantly lower than in
sporadic cases (27.28 years; P < .0001), and they proposed
the inclusion of familial history in the definition of pediatric
BD [40].

Akpolat et al. evaluated 27 patients with familial BD in
12 families. Among the 137 patients they studied, the rate
of familial form of BD was 8.7%. Vascular involvement
was 7.4% (2/27) in the familial group, while it was 28.8%
(36/125) in patients without the familial form of the disease
(P < 0.01). They also observed a high rate of (68%) HLA-
B51 positivity in the familial form [33]. Recurrence most
commonly occurs between siblings, but also there are moth-
er/son, mother/daughter, father/son, father/daughter, cous-
in/cousin and uncle/nephew cases [3]. The sibling recurrence
risk of BD was reported to be 4.2% in Turkey, and the
recurrence risk ratio (λs) was estimated to be 11.4–52.5
in Turkish populations [41]. In familial BD, the HLA-B51
positivity is much more frequent than in sporadic cases,
being 68-83.3% in Turkish studies. The HLA-B51 homozy-
gosity is common in familial cases [33, 42].

Twin concordance studies are frequently being used for
estimating the role of genetic factors in the pathogenesis of
multifactorial diseases. In a recent twin study of Masatlioglu
et al., the pairwise concordance rate for BD was 2/6 for mo-
nozygotic twins and 1/8 for dizygotic twins. In this study
genetic effects accounted for 41% of the phenotypic variance
for BD among twins. The higher concordances for BD in
monozygotic twins compared with dizygotic twins suggests
genetic predisposition [43]. In addition, there are two reports
of monozygotic twins concordant for BD [43, 44]. In one
of these twins reports both patients interestingly showed
intestinal BD; however, they were HLA-B51 negative [44].
In the other report, the twin brothers were both HLA-B51
positive and developed the disease at the same age [45]. There
is also one report of a pair of HLA-B51-negative monozygotic
twins discordant for BD in the literature [46].

6. Immunogenetics and Gene
Polymorphism Studies

Cytokine-mediated immunity plays a crucial role in the
pathogenesis of various immunologically mediated diseases.
It has been suggested that polymorphisms of genes involved
in immunopathogenesis of diseases combining with environ-
mental factors may be important in the development of these

diseases. Several genes such as IL genes (IL-1A, IL-1B, IL-
1 receptor antagonist, IL-2, IL-6, IL-10, IL-12B promoter, IL-
17F, IL-18, IL-23R genes), tumor necrosis factor (TNF) genes,
transporter associated with antigen processing (TAP) gene,
intercellular adhesion molecule-1 (ICAM-1) gene, endothelial
nitric oxide synthase (eNOS) gene, glutathione S-transferase
gene, N-acetyltransferase gene, and vascular endothelial
growth factor (VEGF) gene polymorphisms have been related
to BD susceptibility. However, in these studies significance
levels were mostly weak, most of them were achieved in
single studies and if there are multiple studies the results are
mostly conflicting. For example, eNOS gene polymorphism
was reported to be associated with BD susceptibility in
Italian and Korean, but not in Turkish and Japanese patients.
Therefore their role in BD pathogenesis is not clear, and
further investigations are needed for definitive conclusions
[3, 47–52].

Thrombosis is a common complication of BD and the
pathogenic mechanism of thrombotic tendency in BD is
not well known. The role of procoagulant polymorphisms
and mutations has also been investigated in BD. As platelet
membrane glycoprotein gene polymorphisms have been iden-
tified as risk factors for thrombosis we investigated the
association of the platelet glycoprotein Ia C807T/G873A gene
polymorphism and thrombosis in BD and we found that
the risk of thrombosis is significantly higher in patients who
have 807TT and 807CT genotypes than in patients who have
807CC genotype [53]. Associations of factor V Leiden and
prothrombin gene mutations with BD were confirmed in
some studies, but not in others [3, 54, 55]. We also inves-
tigated the association between the factor V Leiden and pro-
thrombin gene mutations with BD and we found a signifi-
cantly high prevalence of the prothrombin gene mutation in
patients with BD patients than in control subjects [56].

Here we review the current knowledge of the genetic basis
of BD. However, it has been evident that there are similarities
and differences in BD susceptibility loci across ethnic groups.
Therefore, efforts to identify ethnic-specific genetic factors or
disease-causing variants are needed for the genetic dissection
of BD.
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Behçet’s disease (BD) is a chronic, relapsing, and debilitating systemic vasculitis of unknown aetiology with the clinical features
of mucocutaneous lesions, ocular, vascular, articular, neurologic, gastrointestinal, urogenital, and pulmonary involvement. The
disease is much more frequent along the ancient “Silk Route” extending from Eastern Asia to the Mediterranean basin, compared
with Western countries. The disease usually starts around the third or fourth decade of life. Male sex and a younger age of
onset are associated with more severe disease. Although the treatment has become much more effective in recent years, BD is
still associated with severe morbidity and considerable mortality. The main aim of the treatment should be the prevention of
irreversible organ damage. Therefore, close monitoring, early, and appropriate treatment is mandatory to reduce morbidity and
mortality. The treatment is mainly based on the suppression of inflammatory attacks of the disease using immunomodulatory
and immunosuppressive agents. In this paper, current state of knowledge regarding the therapeutic approaches is outlined. To
provide a rational framework for selecting the appropriate therapy along the various treatment choices, a stepwise, symptom-
based, evidence-based algorithmic approach was developed.

1. Introduction

Behçet’s disease (BD) is a chronic, relapsing, and debilitating
systemic vasculitis of unknown aetiology with the clinical
features of mucocutaneous lesions, ocular, vascular, articu-
lar, neurologic, gastrointestinal, urogenital, and pulmonary
involvement [1]. BD usually starts around the third or
fourth decade of life. Recent epidemiologic surveys [2–4]
suggest that sex distribution is roughly equal. The disease
is particularly prevalent in “Silk Route” populations but has
global distribution. The pravelance of the disease is 14–
20 per 100 000 along the Silk route [5]. Turkey has the
highest prevalence. Azizlerli et al. from Istanbul reported
the prevalence of the disease to be nearly 1/250 of the
population aged 12 or older [2]. BD is rarely seen in western
countries. The pravelance of the disease in England is less
than 1/100 000 [5, 6]. This marked geographic variation of
BD can be explained by the genetic basis of the disease and/or
environmental triggers. The diagnosis is based on clinical
criteria, as there is no pathognomonic test. Although several
immunological abnormalities have been demonstrated, the
exact mechanism of the inflammatory changes occurring
remains to be elucidated. The most probable hypothesis is

that of an inflammatory reaction set off by infectious agents
such as herpes simplex virus 1 or Streptococcus spp. or by
an autoantigen such as heat shock proteins in genetically
predisposed individuals [7–9].

Mucocutaneous lesions figure prominently in the presen-
tation and diagnosis and may be considered the hallmarks of
BD. Oral ulcers (OUs), genital ulcers (GUs), and cutaneous
lesions together with ocular lesions and arthropathy are
the most frequent features of the disease in all countries.
Mucocutaneous lesions often precede other manifestations.
Therefore, their recognition may permit earlier diagnosis and
treatment, with salutary results [5]. OUs are characterized by
recurrent and painful ulcerations of the oral mucosa. They
are identical to aphthae in appearance, but they tend to be
more frequent and multiple. The most common sites are
the mucous membranes of the lips, buccal mucosa, tongue,
and soft palate. GUs are similar in appearance and course to
OUs, but may not recur as often. They are usually deeper
than the OUs and have a scarring tendency. The labia is
the most frequently involved site in females and scrotum
in males. Relapsing bipolar oral and genital ulcers are
strongly evocative of BD [5]. Papulopustular lesions (PPLs)
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are sterile, folliculitis, or acne-like lesions on erythematous
base which appear as a papule and in the course of a
24–48 hours become pustule. Trunk and the lower limbs
are the most common locations [10]. Erythema nodosum
(EN) is mostly seen in females and occur in about one-
third of all patients. They have a typical clinical presentation
with bilateral, pretibial, painful, and hot erythematous
nodules. Other cutaneous lesions such as Sweet’s syndrome-
like, pyoderma gangrenosum-like, erythema multiforme-like
lesions, extragenital ulcers, and palpable purpura can be seen
during the course of the disease [1, 5, 11]. The skin pathergy
test is a nonspecific skin hyperreactivity, induced by needle
prick. The test positivity is defined as the development of a
papule or pustule at the needle-prick site at 48 h. It is more
strongly positive among males. Test positivity varies between
geographic areas and has been reported to be high especially
in Japan and the Mediterranean Sea countries (50–70%) [5].

Ocular involvement is a serious complication of BD
and is characterized by repeated, explosive inflammatory
attacks that may lead to visual loss in almost 15% of eyes.
Panuveitis is the most frequent ocular lesion in BD. Anterior
uveitis, posterior uveitis, and retinal vasculitis are the other
main ocular manifestations. They are bilateral in most of
the patients [12]. Articular involvement is characterized
by nonerosive and nondeforming arthritis which often
presents with monoarticular pattern, although asymmetrical
polyarthritis can occur. The articular involvement is usually
transient in nature with episodes lasting from a few days
to weeks [13]. The disease is a systemic vasculitis affecting
arteries and veins of various sizes. Venous system is the
major affected site, and subcutaneous thrombophlebitis is,
indeed, the most frequent type of venous involvement.
Thromboses of the inferior vena cava and superior vena
cava, dural sinuses, and Budd-Chiari syndrome can also be
seen and are associated with poor prognosis. Pulmonary
arterial aneurysm is rare; however, it is important cause of
mortality [14]. Neurological involvement is relatively rare,
but one of the most serious complications of the disease due
to its grave prognosis. Parenchymal involvement including
brainstem involvement, hemispheric manifestations, spinal
cord lesions, and meningoencephalitis is seen in the majority
of patients (%80). Dural sinus thrombi presenting with
headaches and papilledema appear in 20% of patients
with neurological involvement and have a more bening
course [15]. Gastrointestinal involvement is characterized
by aphthous-like mucosal ulcers occuring predominantly in
the iliocaecal region, although it can occur throughout the
gastrointestinal tract [16].

BD runs a chronic course with unpredictable exacerba-
tions and remissions. In a recent multicenter study [17],
we aimed retrospectively to determine the occurrence of
the symptoms in chronologic order. We also evaluated the
influence of the treatment and followup on the clinical
severity and tried to obtain the factors determining the
severe organ involvement in 661 patients. OUs were the most
common manifestation (100%) followed by GUs (85.3%),
PPLs (55.4%), EN (44.2%), skin pathergy reaction (37.8%),
and articular (33.4%) and ocular involvement (29.2%).
OUs were the most common onset manifestation (88.7%)

which was followed by GUs (14.2%), EN (5.7%), and ocular
involvement (4.2%). The duration between the onset symp-
tom and the fulfilment of diagnostic criteria was calculated
to be 4.3 ± 5.7 years. The frequency of ocular involvement
and GUs was significantly higher in patients whose disease
onset was less than 40 years. GUs, ocular involvement, PPLs,
thrombophlebitis, and skin pathergy reaction were found
to be significantly higher in males. The clinical severity of
the disease showed a significant increase in noncompliant
treatment group compared with compliant group with the
passage of time. Our study showed that mucocutaneous
lesions are the hallmarks of the disease, and especially OUs
precede other manifestations. Male sex and a younger age of
onset are associated with more severe disease.

Each or any combination of mucocutaneous, articular,
and ocular symptoms of the disease may have significant
pain or loss in function, or both. Besides considerable
morbidity, the disease confers an increased mortality, mainly
due to large vessel (especially pulmonary arterial) and
neurologic involvement as well as bowel perforation. In
general, mortality ratios as well as mucocutaneous and
articular manifestations tend to decrease significantly with
the passage of time. Both the onset of eye disease and its
greatest damage are usually within the first few years of
disease onset. A recent study [14] has shown that neurologic
and large vessel involvements are exceptions, and they
can have their onset late (5–10 years) during the disease
course. In our multicenter study [17], in addition to these
involvements, gastrointestinal involvement was also found
to be a late manifestation of the disease. Therefore, all
these results stress the importance of vigilance in long-
term surveillance of patients with BD. Close monitoring
and appropriate treatments are mandatory to decrease the
morbidity and mortality of the disease since the disease
shows a continuous activity.

2. Treatment

Treatment of the disease has become much more effective
in recent years because of advances in understanding the
pathogenesis the underlying disease and availability of a wide
spectrum of therapeutic agents. Although several effective
treatments currently exist, none of them result in a cure
of the disease and some are associated with significant side
effects. The choice of treatment is generally based on the
clinical presentation and the site affected. However, the main
aim of the treatment should be the prevention of irreversible
organ damage, especially, during the early, active phase of
the disease. Close monitoring and appropriate treatment
may control and change the course of the disease. It is wise
to remember that especially male patients and those with
early onset disease are associated with more severe presenta-
tions including major vessel disease, ocular, gastrointestinal,
and neurological involvement and, therefore, require more
aggressive treatment [18].

This paper overviews the current state of knowledge
regarding the therapeutic approaches for BD. Based on
the mainly controlled studies and personal experience in
clinical practice and basic research in this field, a stepwise,
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symptom-based, evidence-based algorithmic approach for
the management of BD was proposed. This approach might
enable clinicians to rationalize and further increase the
selection of the most appropriate therapy among numerous
treatment options [18].

2.1. Topical Treatment. The majority of experience in the
treatment of OUs comes from the studies performed in
patients with recurrent aphthous stomatitis (RAS). As we
mentioned before, OUs of BD are identical to RAS in
appearance. Therefore, therapeutic remedies related with
RAS, to some extent, can be applied to OUs of BD.

Although controlled studies are still lacking, the efficacy
of topical corticosteroids is indisputable based on their favor-
able and widespread use. Topical corticosteroids suppress
the inflammation associated with the formation of aphthae,
and they are effective on both OUs and GUs especially
when they are used in the early stage of these lesions. They
reduce the pain severity and healing duration. Triamcinolone
acetonide as cream 0.1% in Orabase or spray, prednisolone
tablets in 20 mL water as rinse four times daily like those of
dexamethasone elixir (0,5 mg/5 mL) can be used for OUs.
Potent corticosteroid creams alone or in conjunction with
antiseptics are also effective in GUs. Major OUs or GUs
can be treated by intralesional triamcinolone, 5–10 mg/mL.
Topically applied corticosteroid eye drops may also be used
in mild attacks of anterior and intermediate uveitis together
with mydriatics or cycloplegic agents [19]. Antimicrobial
agents including antiseptic agents and antibiotics are used to
control microbial load [1]. Two controlled studies with anti-
septic agents, listerine mouth rinse [20], and chlorhexidine
gel [21] in RAS noted the effectiveness on the pain severity
and duration. Triclosan, a broad-spectrum antibacterial
agent has been shown to reduce the number of aphthous
ulcers in a double-blind cross-over study in RAS patients
[22]. Antibiotics, especially tetracycline has been widely used
in OUs of BD for years. Tetracycline mouthwash (250 mg
capsules dissolved in 5 mL of water or flavored syrup and
held in the mouth for about 2 minutes before swallowing
four times daily) decrease pain severity and duration of
OUs. A double-blind trial of tetracycline suspension showed
significant reductions in ulcer duration, size, and pain in
RAS patients [23]. A recent study [24] assessed 0.2 percent
minocycline and 0.25 percent tetracycline aqueous solution
mouthwash in patients with RAS in a clinical randomized
crossover trial. Minocycline mouthwashes as compared to
topical tetracycline rinses resulted in significantly improved
pain control, by reducing the severity and duration of
pain. Cephalexin [25] and penicillin G [26] have also been
reported to be effective antibiotics. Sucralfate (1 g/5 mL), 4
times daily, for 3-month duration as mouthwash, decreases
significantly the frequency, healing time, and pain of OUs
and healing time and pain of GUs. The effectiveness of the
sucralfate on the OUs frequency and healing time continue
during the posttreatment period in decreasing order [27].
This compound binds to ulcerated tissue and forms a
barrier and augments ulcer healing. Recent controlled studies
suggest that pimecrolimus, a topical immunomodulator,
twice a day seems to be safe and efficient in the treatment

of genital ulcers, by accelerating the healing process and
shortening the pain duration [28, 29]. Amlexanox accelerate
the healing and decreases the pain severity of oral ulcers.
It has anti-inflammatory and antiallergic activities [30, 31].
Amlexanox is used in oral paste (5%) 4 times daily (after
meals and at bedtime) for 4–10 days. Anti-inflammatory
agents (benzydamine, diclofenac), anaesthetics (lidocaine 2–
5%, mepivacaine 1.5%, tetracaine 0.5–1% gels, or mucosal
ointments), and silver nitrate, in general reduce the pain
severity of aphthous lesions [5, 32, 33]. Recently, beneficial
effects of colony stimulating factor on the healing duration
and pain severity of OUs and GUs have been reported by our
group [34].

In addition to the above-mentioned treatment approach-
es to OUs, patients should be advised to maintain good
daily oral hygiene [35]. These patients should avoid irritating
agents such as acid, crusty, hard, spicy, or salty nutrients
and alcoholic beverages. EN is treated topically like classic
EN. Wet dressings such as aluminium acetate 3–5% (Burow’s
solution) can be applied in early stage of these lesions. This
approach is also helpful for the treatment of superficial
thrombophlebitis. All therapy should be combined with rest
in bed.

2.2. Systemic Treatment

2.2.1. Corticosteroids. Corticosteroids have been widely used
almost for all lesions of the disease. The compound is
an effective choice especially in mucocutaneous lesions,
acute uveitis, and neurologic disease. They can be given as
monotherapy or in combination with other drugs such as
colchicine, interferon (IFN)-α, cyclosporine, or azathioprine.
However, in a recent randomized, placebo-controlled study
of 86 patients who had active mucocutaneous lesions without
eye and major organ involvement, low dose depot steroid
(40 mg of methylprednisolone acetate every 3 weeks) was
only found to be helpful in controlling EN, especially
among females [36]. However, this result does not mean the
compound is not effective in daily and/or higher doses. On
the other hand, the well-known side effect profile limits their
long-term use, and more corticosteroids do not improve the
long-term outcome.

2.2.2. Colchicine. Colchicine inhibits the enhanced chemo-
tactic activity of neutrophils. Promising results with
colchicine (0.5–2 mg/d p.o.) have been reported especially
in mucocutaneous and articular findings. The first placebo-
controlled study suggested that the drug is effective only for
EN and arthralgia [37]. Yurdakul et al., in a randomized
placebo-controlled study [38], revisited the issue and have
shown that colchicine reduces the occurrence of GUs, EN,
and arthritis among women and the occurence of arthritis
among men. Although oligozoospermia, amenorrhea, or
dysmenorrhea, malaise, hair loss, gastrointestinal complaints
(nausea, vomiting, diarrhea), and hematologic side effects
are recorded as the main adverse effects of colchicine, Yur-
dakul et al. [38] reported no significant difference between
the groups.
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Recently, Davatchi et al. [39], in a large cohort of BD
patients (169 patients without major organ involvement),
reevaluated the efficacy of colchicine. In this randomized,
double-blind, controlled crossover trial, the overall disease
activity index and OUs, GUs, PPLs, and EN improved
significantly with colchicine. There was not any significant
difference between the results for males and females.

2.2.3. Benzathine Penicillin. Calguneri et al. [40] have found
that the combined use of colchicine and benzathine penicillin
(1.2 MU/3 weeks) treatment more effective than colchicine
alone. Combined treatment was effective in reducing fre-
quency and duration of OUs and EN and the frequency
of GUs. Combined treatment also significantly reduced the
number of arthritis episodes and prolonged the duration of
episode-free time compared with the colchicine-alone group.
Recently Al-Waiz et al. [41] showed that combined use of
colchicine (1 g/d) and benzathine penicillin (1.2 MU/m) is
more effective in decreasing clinical manifestation index, the
numerical sum of the clinical features, than in either drug
alone.

2.2.4. Rebamipide. In a double-blind, placebo-controlled
study of 35 BD patients, having as the main symptom OUs,
Matsuda et al. [42] used rebamipide (300 mg/day) for 3 to 6
months. They reported that the rate of moderate or marked
improvement in OUs count and pain was 36% in the placebo
group and 65% in the drug group. Authors concluded that
rebamipide may be useful in the treatment and prevention
of recurrences of OUs. No significant adverse effect has been
reported.

2.2.5. Zinc Sulfate. In a recent controlled study of 32 patients,
Sharquie et al. [43] evaluated the efficacy of zinc sulfate in a
double-blind, crossover study and reported an improvement
in the clinical manifestations index of mucocutaneous
lesions without any side effect.

2.2.6. Dapsone. Dapsone also inhibits the enhanced chemo-
tactic activity of neutrophils and can be used as an alternative
compound to colchicine. In a double-blind, crossover study
of 20 patients, Sharquie et al. reported significant reductions
in the number, duration, and frequency of OUs and number
of GUs in dapsone-treated patients. This compound also
showed a significant decrease in the frequency of EN and
PPLs. Arthritis and epididymitis were also significantly
supressed by dapsone, but the effect of the compound on
arthralgia failed to reach the level of statistical significance
[44]. Hemolytic anemia and methemoglobinemia, which
can be severe in patients with glucose-6-phosphate dehy-
drogenase deficiency, are the main side effects, which may
significantly limit their use.

Despite the encouraging results of the last three studies,
a limited number of patients included, and a relatively short
follow-up periods were the main limitations.

2.2.7. Thalidomide. The drug selectively inhibits TNF-α
synthesis. In a randomised, double blind, placebo-controlled

study with 63 patients, a remission of OUs, GUs, and PPLs
was detected in 22% of the patients over 8 weeks. During
the 6-month treatment 30% of the patients remained free of
lesions. Thalidomide therapy, however, was associated with
exacerbation of EN [45]. In addition, the effects of the drug
are temporary, and discontinuation of the treatment results
in recurrence of the OUs and GUs. The effectiveness of the
thalidomide is lost about 20 days after discontinuation of
the drug. Neurological side effects and teratogenic risc of
thalidomide limit the clinical application.

2.2.8. Azathioprine. Azathioprine, an important disease-
modifying compound, shows an anti-inflammatory effect by
suppressing both cellular and humoral immune responses.
In a randomised, double-blind, placebo-controlled study
[46] of 73 patients, azathioprine has been found to be an
effective choice in OUs and GUs besides ocular inflammation
and arthritis. Azathioprine was significantly better than
placebo in preventing the development of new eye disease.
Therefore, the authors concluded that the drug can be used
prophylactically to prevent the eye involvement in young,
male patients presenting with severe mucocutaneous lesions.
Myelotoxicity, gastrointestinal complaints, immunosuppres-
sion, opportunistic infections, and hepatotoxicity are the
main side effects.

2.2.9. Cyclophosphamide. Cyclophosphamide is the fast-
acting alkylating agent. It has been found as a beneficial
therapeutic agent for eye disease and systemic vasculitis
(neurologic involvement and arterial aneurysms). In a
double-blind crossover study [47], it has been shown that
the combination of cyclophosphamide and corticosteroid
therapy is superior to corticosteroid therapy alone in eye
involvement. Myelosuppression, pulmonary fibrosis, renal
toxicity, hemorrhagic cystitis, infertility, malignancy, and
alopecia are the major adverse effects of cyclophosphamide.
Due to the severe toxicity, cyclophosphamide should be
selected in cases with clinically significant disease who are
refractory to other agents.

2.2.10. Cyclosporin A. Cyclosporin A (CyA) is an immuno-
suppressant agent which selectively inhibits T lymphocytes.
The drug is capable of markedly ameliorating uveitis as
well as mucocutaneous lesions. CyA is still one of the most
effective agents for the treatment of uveitis which reduces
the frequency of ocular exacerbations and improves visual
acuity. In a conrolled study of 96 patients with recurrent
uveitis, CyA (10 mg/kg/d) has been shown to be superior to
colchicine (1 mg/d) in decreasing frequency and severity of
ocular attacks [48]. In the study of BenEzra et al. [49], CsA
was more effective than conventional therapy (prednisolone,
chlorambucil) in decreasing the active ocular inflammatory
processes and arresting the deterioration of visual acuity.
However, conventional therapy was superior to CsA in con-
trolling OUs, GUs, and arthritis. Elidan et al. [50] reported
that CyA is significantly better than conventional therapy
(prednisolone, chlorambucil) at improving hearing loss. Five
of 20 Behçet patients under CyA therapy demonstrated
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improvement in their hearing loss. In a comparative study
[51], a significant improvement in visual acuity during the
first 6 months in CyA (5 mg/kg/d) group compared with
cyclophosphamide (1000 mg/mo) was observed. However,
this favorable effect of CyA was not sustained in the followup
of patients up to 24 months. In another controlled trial
[52], 26 patients treated with CyA with a dose of 5 mg/kg/d
have been compared with 50 patients receiving conventional
therapy, systemic corticosteroid alone or combined with
azathioprine. CyA treatment was found to be more effective
in reducing OUs, GUs, cutaneous lesions, thrombophlebitis
as well as articular symptoms and neurologic symptoms.
Therefore, CyA is also an effective alternative for muco-
cutaneous lesions; however, it should be reserved for the
most severe cases because of its significant long-term adverse
effects such as renal failure, hypertension, neurologic toxicity,
and hirsutism. It is wise to remember that neurological
manifestations occur more frequently in BD patients under
CyA treatment [53].

2.2.11. Interferon-α. In recent years, the increasing evidence
suggests that interferon (IFN)-α is an effective alternative in
the treatment of BD. The mode of action of IFN-α in BD
is still unknown. However, their antiviral and immunomod-
ulatory effects appear to be the possible mechanisms. In
a randomised, double-blind, placebo-controlled study [54],
we have shown that IFN-α 2a treatment is an effective alter-
native particularly for the management of mucocutaneous
lesions, and its effect decreases gradually after the cessation
of treatment. IFN-α 2a treatment decreased significantly the
duration and pain of OUs and the frequency of GUs and
PPLs. Although not significant, the mean frequency and
duration of EN, thrombophlebitis, and articular symptoms
also showed a decrease. Hamuryudan et al. [55], in their 48-
week open, self-controlled trial, reported that IFN-alpha 2b
significantly reduced the mean number of arthritis attacks.

IFN-α has also been employed in cases of sight-
threatening refractory uveitis with promising results. Kötter
et al. in their open-label, prospective study [56] used
IFN-α 2a in 50 patients at a dose of 6 million IU (MIU)
daily, tapered according to a preset schedule. The authors
concluded that IFN-α 2a is effective in ocular BD, leading
to significant improvement of vision and complete remis-
sion of ocular vasculitis in the majority of the patients.
Tugal-Tutkun et al. [57] evaluated the IFN-α treatment
in 44 patients with uveitis unresponsive to conventional
immunosuppressive therapy. Although the overall response
rate was 91%, complete response rate (36.4%) was lower
than that of the study of Kötter et al. In a newer study,
Onal et al. [58] investigated the long-term efficacy and
safety of low dose (3.0 MIU daily for 14 days, maintenance
dose, 3 MIU 3 times per week for 24 months) therapy of
IFN-α 2a in 37 patients with refractory Behçet panuveitis
unresponsive to conventional immunosuppressive therapy.
During maintenance therapy, IFN-α 2a controlled uveitis
in 35 patients (95%). In 15 patients (41%), a maintenance
dosage of 3 MIU 3 times per week controlled uveitis without
any relapse. Remission rate after discontinuation of IFN-α
2a therapy was 76% by 3 months. Therapeutic response rate

differences of ocular BD with IFN-α treatment among the
respected studies might have been caused by the different
patient populations studied and the different dose schedules.
Nevertheless, taken together, IFN-α 2a seems to be able to
control and achieve remission of uveitis in most patients with
refractory ocular BD.

The primary side effects of IFN-α therapy are flulike
symptoms (fever, chills, headache, fatigue, myalgia, etc.)
that start a few hours after the initiation of the therapy
and continue less than a day. We use oral acetaminophen
(paracetamol) 1000 mg orally before injections and 500 mg
after 6 hours during the first weeks of the therapy to decrease
these side effects. Nausea, vomiting, anorexia, diarrhea, loss
of weight, hematologic changes, transient raising of hepatic
transaminases are seen less frequently. Psychiatric side effects
and depression are limiting factors for use of IFN-α.

2.2.12. Anti-TNF-α Agents. Several pieces of evidence indi-
cate that TNF-α plays a critical role in the pathogenesis of
BD, and so far, three anti-TNF-α compounds, infliximab,
adalimumab, and etanercept, have shown favourable results
on preliminary tests. Almost all trials reported encouraging
results for recalcitrant mucocutaneous lesions besides ocular
and gastrointestinal symptoms, arthritis, and cerebral vas-
culitis. Anti-TNF-α treatment suppresses almost all mani-
festations of the disease with an immediate and dramatic
response. It also reduces the dosage of immunosuppressors.
Therefore, when the disease is associated with vital organ
involvement, especially in young male patients, anti-TNF-α
agents can also be used because of their potential to improve
the survival and prognosis.

The majority of current data related with infliximab
comes from the uncontrolled, open studies, small case
series, and case reports. The main 3 prospective studies
performed by Sfikakis et al. [59], Ohno et al. [60], and
Tugal-Tutkun et al. [61] concentrated on the eye disease
and reported promising results. Besides these studies, many
small case series and case reports suggest that patients with
mucocutaneous lesions, gastrointestinal symptoms, arthritis
and cerebral vasculitis exhibit rapid and good responses to
infliximab [62]. Recently, adalimumab, a fully humanised
anti-TNF-α antibody, has also been reported to be an
effective alternative [63].

Melikoglu et al. [64] conducted the first controlled
study of anti-TNF-α compound, etanercept. In a double-
blind, placebo-controlled study of 40 male patients, authors
reported that etanercept (25 mg twice a week for 4 week) is
effective in suppressing most of the mucocutaneous lesions.
The drug had a clear effect on OUs and nodular lesions,
and the response was as early as the first week. There was
a significant decrease in the mean numbers of OUs and
nodular lesions as well as PPLs.

A recent position paper concluded that infliximab is
recommended as an add-on therapy for severe BD, refractory
or intolerant to traditional immunosuppressive regimens.
Moreover, a single infusion of infliximab (5 mg/kg) can
be used as a first-line agent for sight-threatening, bilateral
posterior eye segment inflammation, because the fast onset
of response is critical to prevent fixed retinal lesions, and
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therefore, permanent visual loss. In case when ocular relapses
are not controlled by azathioprine and/or cyclosporin,
maintenance therapy with 5 mg/kg doses of infliximab every
6–8 weeks could be used for 2 years, provided no relapses
occur between intervals [62].

However, the high cost, the need for injections, trouble-
some toxic side effects, and the inability to cure the disease
are the main limitations for widespread acceptance of anti-
TNF-α as a first-line choice for the management of BD.
Optimal dosage and the long-term consequences are still
important questions for anti-TNF-α agents to be answered.
It still needs further controlled studies in large series.

Adverse effects of anti-TNF-α agents include infection
(sinusitis, pharyngitis, bronchitis, and urinary tract infec-
tions, reactivation of tuberculosis), autoimmune reactions
(e.g., lupuslike syndrome), lymphoproliferative disorders,
delayed hypersensitivity reactions, and neurologic, cardiac,
and gastrointestinal symptoms.

2.2.13. Rituximab. Rituximab is a chimeric monoclonal anti-
body against CD20, a B-cell differentiation marker. Recently,
Davatchi et al. [65] used rituximab in their randomized
single-blind controlled study. Twenty patients were ran-
domized to a rituximab group (in two 1000 mg courses,
15-day interval) or cytotoxic combination therapy group.
Patients with rituximab group were also given methotrexate
(15 mg/weekly) with prednisolone (0.5 mg/kg per day).
The cytotoxic combination therapy group received pulse
cyclophosphamide (1000 mg/monthly), azathioprine (2–
3 mg/kg per day), and prednisolone (0.5 mg/kg per day).
The authors concluded that rituximab was efficient in severe
ocular manifestations of BD, and total adjusted disease
activity index improved significantly after 6 months with
rituximab, but not with cytotoxic combination therapy
group.

2.2.14. Other Systemic Treatment Approaches. Several open
studies of methotrexate (7.5–20 mg/1x week p.o. over 4
weeks) have reported the induction of an improvement of
a severe mucocutaneous involvement [66] as well as neuro-
logical [67, 68] and ocular involvement [69]. Methotrexate
is not recommended in pregnancy and lactation, and severe
bone marrow depression, liver dysfunction, acute infections,
renal insufficiency, and mucositis are important side effects
of the drug. Mycophenolate mofetil (MMF) was found to
be safe and effective in controlling cystoid macular oedema
and in reducing the uveitis relapse rate in patients not
responding to traditional immunosuppressants [70]. On the
other hand, an open study reported no benefit in mucocu-
taneous disease [71]. MMF is generally well tolerated; the
most common side effects involve gastrointestinal and gen-
itourinary symptoms. Other reported less frequent adverse
events include neurologic, cutaneous, cardiorespiratory, and
metabolic reactions. Rarely, severe leukopenia has also been
reported. Autologous hematopoietic stem cell transplantation
has recently been reported as a successful treatment option
for severe/refractory patients with intestinal [72], pulmonary
[73], and neurologic [74] involvements. Open studies with
Pentoxifylline reported good results on mucocutaneous

symptoms. However, recurrences occurred in all patients
after discontinuation of treatment. Pentoxifylline has also
been described as alternative treatments for ocular lesions
in few patients with BD [75, 76]. Sulfasalazine (2–4 gr/day)
was reported to be an effective choice for the treatment of
gastrointestinal involvement [77].

2.3. Surgical Treatment. Although various treatment modal-
ities appear, surgical intervention often is indicated for
arterial aneurysms. In patients with recurrent or mas-
sive hemoptysis, surgery may be necessary. Endovascular
treatment for pseudoaneurysms due to BD seems to be
an effective choice when the disease activity is strictly
controlled with immunosuppressive therapy [78, 79]. In
other serious consequences, such as gastrointestinal bowel
perforation, enterocutaneous fistula formation, thrombotic
obstruction in large-caliber vessels, cardiac involvement, and
complications of eye involvement such as glaucoma, vitreous
opacities, surgery may also be the only possible remedy
[19, 80].

3. Evidenced-Based Algorithmic Treatment
Approach in Behçet’s Disease

Activity spectrum of systemic therapeutic agents on BD in
randomized, controlled studies is summarized in Table 1.
A stepwise, symptom-based, algorithmic approach, mainly
based on controlled studies and our clinical experience in this
field, is summarized below and in Tables 2–6.

3.1. Mucocutaneous Disease. Colchicine should be the first
choice in the treatment of GUs and/or EN, especially in
female patients [38]. If it is not effective or patient is
male, colchicine can be combined with benzathine penicillin
[40, 41]. In the presence of OUs with or without other
mucocutaneous lesions, this combination should also be the
starting point.

Short-term corticosteroids in combination with other
drugs such as colchicine can be used as alternatives in
the treatment of acute attacks of mucocutaneous lesions
[18]. Dapsone can also be used at this stage as an effective
compound [44]. Patients with severe mucocutaneous disease
or those who are unresponsive to the respected treatments
can be treated with azathioprine [46]. Thalidomide [45] is
an effective choice. However, because of potential side effects,
it should be used cautiously in selected patients. It is wise to
keep in mind that EN worsens during thalidomide treatment.

Rebamipide [42], zinc sulfate [43], and Pentoxifylline
[75] can be used as 3rd-line treatment choices. However,
there is still a need for well-organised newer studies for
these agents. In severe cases and/or unresponsive cases to the
other treatments, methotrexate [66], cyclosporin [52], and
biologicals such as IFN [54] and anti-TNF-α agents [62, 64]
can be used to control the disease.

Antimicrobial agents [20–26], sucralfate [27] and cor-
ticosteroids [19] especially in OUs, and pimecrolimus [28,
29] in GUs can be selected as 1st-line topical treatment
choices. Anti-inflammatory agents, amlexanox, anaesthetics,
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Table 1: Activity spectrum of systemic therapeutic agents on Behçet’s disease in randomized, controlled studies.

Treatment Dose Indication and reference

Corticosteroids versus placebo 40 mg/every 3 w Decrease the frequency of EN in women [36]

Colchicine versus placebo

1–2 mg/d
Decreases the frequency of EN and effective on arthralgia [37]
Reduces the occurrence of GUs, EN, and arthritis in women and
the occurrence of arthritis in men [38]

1 mg/d
Decrease in overall disease activity index and significant
improvement in OUs, GUs, PPLs, and EN [39]

Colchicine versus Colchicine +
Benzathine penicillin

1–2 mg/d; 1.2 MU/3 w
Combined treatment more effective in reducing frequency of
arthritic episodes, duration and frequency of OUs and EN, and
the frequency of GUs [40]

Colchicine versus Benzathine penicillin
versus Colchicine + Benzathine penicillin

1 mg/d; 1.2 MU/mo
Combined use of colchicine and benzathine penicillin
treatment more effective than colchicine or penicillin alone [41]

Rebamipide versus placebo 300 mg/d Reduces the number of OUs and pain [42]

Zinc sulfate versus placebo 300 mg/d
Significant improvement in the clinical manifestations index of
mucocutaneous lesions [43]

Dapsone versus placebo 100 mg/d
Effective on the number, healing time and frequency of OUs,
number of GUs, and frequency of EN and PPLs. Suppresses
arthritis and epididymitis [44]

Thalidomide versus placebo 100–300 mg/d Sustained remission of OUs, GUs, and PPLs [45]

Azathioprine versus placebo 2,5 mg/kg/d
Reduces the occurrence of OUs, GUs, arthritis, and ocular
symptoms. Prevents the development of new eye disease [46]

Cyclophosphamide + Corticosteroids
versus Corticosteroids

1 g/m2/mo
Combined treatment of CCP and corticosteroids more effective
in eye disease than corticosteroids alone [47]

Cyclosporin A versus Colchicine 10 mg/kg/d
CyA more effective on the severity and frequency of OUs, GUs,
and PPLs. Superior to colchicine in decreasing the frequency
and severity of ocular attacks [48]

Cyclosporin A versus conventional
treatments (prednisolon, chlorambucil)

10 mg/kg/d
CsA more effective than conventional therapy in ocular disease,
however, conventional therapy superior to CyA in controlling
OUs, GUs, and arthritis [49]

Cyclosporin A versus conventional
treatments (prednisolon, chlorambucil)

10 mg/kg/d
Improvement of hearing loss in 25% of patients receiving CyA
treatment [50]

Cyclosporin A versus Cyclophosphamide 5 mg/kg/d
A significant improvement in VA during the first 6 months in
CyA group compared with CCP [51]

Cyclosporin A versus conventional
treatments (prednisolon, Azathioprine)

5 mg/kg/d
CyA more effective than conventional therapy in OUs, GUs,
cutaneous lesions, thrombophlebitis as well as articular and
neurologic symptoms [52]

Interferon-α versus placebo 6 MU/d-3 x/w
Effective on pain and healing time of OUs and frequency of GUs
and PPLs. Also helpful in decreasing frequency and duration of
EN, TFB, and articular symptoms [54]

Etanercept versus placebo 25 mg/d-2 x/w
Reduces the occurrence of OUs, nodular skin lesions, and PPLs
[64]

Rituximab versus cytotoxic combination
therapy

2 1000-mg courses
(15-day interval)

A significant improvement in total adjusted disease activity
index in rituximab group [65]

d: day; EN: erythema nodosum; GUs: genital ulcers; Mo: month; OUs: oral ulcers; PPLs: papulopustular lesions; TFB: thrombophlebitis; VA: visual acuity; w:
week.

Table 2: Summary of evidence-based algorithmic treatment for mucocutaneous Behçet’s disease.

1st line
∗Topical: Antimicrobial agents, Sucralfate, Corticosteroids, Pimecrolimus

Systemic: Colchicine, Colchicine + Benzathine penicillin

2nd line
∗Topical: Anti-inflammatory agents, Amlexanox

Systemic: Corticosteroids, Dapsone, Azathioprine, Thalidomide

3rd line
∗Topical: Anaesthetics, Silver nitrate

Systemic: Zinc sulfate, Rebamipide, Pentoxifylline, Methotrexate, Cyclosporine-A, IFN-α, Anti-TNF-α
∗

Since the effectiveness of topical treatment is generally limited to the application area, it should almost always be associated with systemic therapy.
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Table 3: Summary of evidence-based algorithmic treatment for ar-
ticular Behçet’s disease.

1st line Colchicine, Colchicine + Benzathine penicillin, or
anti-inflammatory analgesics

2nd line Azathioprine, Corticosteroids

3rd line Methotrexate, Salazopyrine, IFN-α, Anti-TNF-α

Table 4: Summary of evidence-based algorithmic treatment for
ocular Behçet’s disease.

1st line

∗Topical: corticosteroids + mydriatics ± cycloplegic
agents

Systemic: Corticosteroids, Cyclosporine-A,
Azathioprine

2nd line IFN-α, Anti-TNF-α

3rd line Methotrexate, Mycophenolate mofetil,
Cyclophosphamide, Rituximab

∗
Topical treatment as a sole agent should be restricted to those who has mild

uveitis (anterior uveitis).

Table 5: Summary of evidence-based algorithmic treatment for
Vasculo-Behçet disease.

1st line Corticosteroids, Azathioprine, Cyclophosphamide,

2nd line Anti-TNF-α

3rd line Anticoagulation, Antiplatelets

and silver nitrate [30–33] are other alternatives for topical
treatment of mucocutaneous lesions. However, it is very
important to ensure for clinician that topical treatment, with
a great possibility, has only local effects and should almost
always be associated with systemic therapy.

Evidenced based algorithmic treatment approach for
mucocutaneous Behçet’s disease is summariezed in Table 2.

3.2. Articular Disease. Evidenced-based algorithmic treat-
ment approach for articular Behçet’s disease is summariezed
in Table 3.

Colchicine should be the first choice [37, 38]. Additional
use of benzathine penicillin or anti-inflammatory analgesics
can be the next step [40, 41].

In unresponsive cases, azathioprine [46] can be an alter-
native. Low dose corticosteroids, and even intraarticular
corticosteroid injections in monoarticular involvement, can
also be used as 2nd-line treatment [77, 81].

Although controlled studies are still lacking, methotrex-
ate and salazopyrine are used successfully in the clinical
practice [77]. IFN-α [55] and anti-TNF-α agents [62] are the
other alternatives.

3.3. Ocular Disease. Evidenced-based algorithmic treatment
approach for ocular Behçet’s disease is summarized in
Table 4.

Ocular involvement requires special attention and usu-
ally aggressive treatment since it has the highest mor-
bidity. In mild uveitis such as anterior uveitis, topically
applied corticosteroid eye drops together with mydriatics

Table 6: Summary of evidence-based algorithmic therapy for
Neuro-Behçet’s disease.

1st line Corticosteroids

2nd line Azathioprine, cyclophosphamide, Anti-TNF-α, IFN-α

3rd line Methotrexate, Anticoagulation

Table 7: Summary of evidence-based algorithmic therapy for gas-
trointestinal Behçet’s disease.

1st line Sulfasalazine, corticosteroids

2nd line Azathioprine

3rd line Anti-TNF-α

or cycloplegic agents can often control the disease [19].
Systemic corticosteroids should be the next step. It is wise to
remember that systemic corticosteroids are also used in acute
inflammatory ocular attacks of posterior uveitis, panuveitis,
and retinal vasculitis [18]. Systemic corticosteroids should
be used in brief courses for long term because of well-
known side effect profile. Unresponsive cases, those with
posterior uveitis, or those who develop chronic, steroid-
dependent intraocular inflammation (given the deleterious
effects of chronic steroid administration to the eye) require
more aggressive treatment. Immunosuppressives such as
azathioprine [46] and cyclosporine [48, 49, 51] are the main
choices. Cyclosporine together with corticosteroids can be
used effectively. Azathioprine and cyclosporine can also be
combined in those patients whose eye disease is refractory to
treatment [18].

As we mentioned before, IFN-α or anti-TNF-α treat-
ments can be used in case when the immunosuppressives do
not control the disease [82].

Methotrexate, MMF, cyclophosphamide, and rituximab
can be used in selected patients as a 3rd-line therapy [47, 65,
69, 70].

In the most severe cases with retinal vasculitis or
macular involvement, CyA or anti-TNF-α treatments can be
combined with azathioprine and corticosteroids. Cyclophos-
phamide and IFN-α with or without corticosteroids are other
alternatives for the treatment of severe eye disease [18].

3.4. Severe Disease. Although several promising therapies
are evolving, the treatment of severe disease is not entirely
satisfactory and treatment of those remains predominantly
empirical. Severe disease has relatively lower incidence.
Because of the limited number of patients enrolled in
studies in this area statistical comparisons were usually not
made. These factors make recommendation of individual
treatments difficult for these involvements.

Evidenced-based algorithmic treatment approach of
Behçet’s disease with large vessel, neurologic, and gastroin-
testinal involvement is summarized in Tables 5–7.

3.4.1. Large Vessel Involvements. In the presence of deep
vein thromboses, azathioprine can be used. In severer cases
with inferior vena cava or superior vena cava syndrome
and Budd-Chiairi syndrome cyclophosphamide as monthly
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pulse treatment should be added to the treatment. It is
unclear the effectiveness of additional use of antiplatelets or
anticoagulation [18, 77, 81, 82].

In arterial involvement, corticosteroids together with
cyclophosphamide are generally preferred to control the
disease. Anticoagulation should not be given in the presence
of pulmonary arterial aneurysm because of the danger of
bleeding [77, 81, 82]. Anti-TNF-α agents, especially inflix-
imab, can be alternative [18].

Surgery may be necessary in life-threatening conditions
such as growing aneurysm, acute rupture [81].

3.4.2. Neurologic Involvements. In parenchymal involvement,
corticosteroids (100 mg/d or 1 gx 5 days as pulse treatment)
should be the first choice. Azathioprine is usually com-
bined with corticosteroids. In severe or unresponsive cases,
cyclophosphamide can be given additionally [83]. Anti-TNF-
α agents and IFN-α are other new effective alternative agents
[19]. Methotrexate is another treatment alternative [67, 68].

In venous sinus thrombosis corticosteroids with or with-
out immunosuppressives are the main treatment approaches.
In this situation additional use of anticoagulation is also
suggested [81, 83].

3.4.3. Gastrointestinal Disease. Sulfasalazine and corticos-
teroids seem to be the 1st-line treatment options [77].
Azathioprine can be used effectively in unresposive cases.
Anti-TNF-α treatments, especially infliximab, seem to be
new and effective alternative. Surgery should be selected
in those patients with perforation and intractable bleeding
[18, 81].

In conclusion, treatment of BD has become much
more effective in recent years. Due to recent advances in
understanding the pathogenesis of the underlying disease
and availability of a wide spectrum of therapeutic agents,
alleviation of most symptoms, control of the disease, and,
even, modification of the course of the disease are now
possible.
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[1] E. Alpsoy, “Behçet’s disease: treatment of mucocutaneous
lesions,” Clinical and Experimental Rheumatology, vol. 23, no.
4, pp. 532–539, 2005.
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lesions in Turkish Behçet’s patients,” International Journal of
Dermatology, vol. 37, no. 11, pp. 839–843, 1998.

[11] E. Alpsoy, L. Donmez, A. Bacanli, C. Apaydin, and B. Butun,
“Review of the chronology of clinical manifestations in 60
patients with Behçet’s disease,” Dermatology, vol. 207, no. 4,
pp. 354–356, 2003.

[12] I. Tugal-Tutkun, S. Onal, R. Altan-Yaycioglu, H. Huseyin
Altunbas, and M. Urgancioglu, “Uveitis in Behçet disease: an
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colchicine in Behçet’s syndrome,” Arthritis and Rheumatism,
vol. 44, no. 11, pp. 2686–2692, 2001.

[39] F. Davatchi, B. Sadeghi Abdollahi, A. Tehrani Banihashemi
et al., “Colchicine versus placebo in Behçet’s disease: ran-
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Transplantation Proceedings, vol. 20, no. 3, pp. 136–143, 1988.

[50] J. Elidan, E. Cohen, H. Levi, and D. Benezra, “Effect of
cyclosporine A on the hearing loss in Behçet’s disease,” Annals
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in the treatment of Behçet disease: a randomized placebo-
controlled and double-blind study,” Archives of Dermatology,
vol. 138, no. 4, pp. 467–471, 2002.

[55] V. Hamuryudan, F. Moral, S. Yurdakul et al., “Systemic
interferon α2b treatment in Behçet’s syndrome,” Journal of
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nary short-term results,” Advances in Experimental Medicine
and Biology, vol. 528, pp. 579–584, 2003.

[70] P. Neri, C. Mariotti, L. Cimino, L. Mercanti, and A. Giovan-
nini, “Long-term control of cystoid macular oedema in non-
infectious uveitis with Mycophenolate Mofetil,” International
Ophthalmology, vol. 29, no. 3, pp. 127–133, 2009.

[71] Y. D. Adler, U. Mansmann, and C. C. Zouboulis, “Mycopheno-
late mofetil is ineffective in the treatment of mucocutaneous
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Behçet’s disease (BD) is a multisystemic disease of unknown etiology characterized by chronic relapsing oral-genital ulcers and
uveitis. Multiple systemic associations including articular, gastrointestinal, cardiopulmonary, neurologic, and vascular involvement
are also observed in BD. Although the etiopathogenesis of the disease remains unknown, increased neutrophil functions such as
chemotaxis, phagocytosis, and excessive production of reactive oxygen species (ROS), including superoxide anion, which may
be responsible for oxidative tissue damage seen in BD, and also immunological alterations, T lymphocyte abnormalities in both
subpopulation and function have been considered to be correlated with the etiopathogenesis of BD. There is some clinical evidence
suggesting that emotional stress and hormonal alterations can influence the course and disease activity of BD.

1. Introduction

Behçet’s disease (BD) is a recurrent systemic inflammatory
disorder characterized by four major symptoms consisting of
oral aphthous ulcers, ocular lesions, skin lesions, and genital
ulcerations. Although many studies have been conducted on
the etiopathogenesis of the disease, exact mechanisms have
not yet been fully understood [1]. Multiple systemic associa-
tions including articular, gastrointestinal, cardiopulmonary,
neurologic, and vascular involvement are also observed in
BD [1, 2]. Although the etiopathogenesis of the disease
remains unknown, increased neutrophil functions such
as chemotaxis, phagocytosis, and excessive production of
reactive oxygen species (ROS), including superoxide anion,
which may be responsible for oxidative tissue damage seen
in BD, and also immunological alterations, T lymphocyte
abnormalities in both subpopulation and function have been
considered to be correlated with the etiopathogenesis of
BD. It was postulated that Behçet’s disease is an autoim-
mune disease. Systemic manifestations such as articular,
gastrointestinal, and neurologic manifestations are not asso-
ciations with the disease. They are different involvements
due to the disease [3, 4]. There is also some clinical
evidence suggesting that emotional stress and hormonal
alterations can influence the course and disease activity of BD
[5–7].

2. Immune System Dysregulations

The immunopathogenesis that is currently postulated is
shown in Figure 1. Primarily, hypersensitivity of T cells (αβT
cells and γδ-T cells) to multiple antigens appears to play a
critical role in the pathogenesis. The activation of mono-
cytes subsequent to T-cell activation through CD40–CD154
interactions as well as a variety of T-cell-derived cytokines
(IFN-γ and TNF-α) may result in the production of IL-12,
which leads to the shift to Th1 responses. In consequence
of abnormal T-cell activation, neutrophil activation may be
triggered by cytokines such as IL-8, IL-17, IFN-γ, and TNF-α.
Whereas the roles of costimulation molecules have not been
fully explored in Behçet’s disease, the presence of anti-CTLA-
4 antibody has been reported in a fraction of Behçet’s disease
patients. Although the presence of this antibody might be
possibly involved in abnormal T-cell responses, the antibody
might be produced only as a secondary phenomenon of
recurrent T-cell activation in Behçet’s disease [7, 8].

3. Cellular and Humoral Immunology

Although cellular activity is increased in the peripheral
blood of BD patients, reports of neonatal BD cases in
the children of affected women also suggest a role for
humoral factors. Indeed, various cytokine profiles and
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Figure 1: Proposed model of the pathogenesis in Behçet’s disease. Ag: antigen; APC: antigen-presenting cells; HSP: heat shock protein;
IFN: interferon; IL: interleukin; IPP: isoprenyl pyrophosphate; PPP: prenyl pyrophosphate; TCR: T-cell receptor; Th1: T-helper cells type 1;
TNF-α: tumor necrosis factor α.

elevated lymphocyte populations have been demonstrated
in BD with an imbalance between Th1- and Th2-phenotype
lymphocyte components of the immune response. However,
as T lymphocytes are particularly responsive to antigens of
viral or bacterial pathogens, the skew is therefore suggested
toward Th1-phenotype lymphocyte response followed by an
infiltration into the affected regions [7, 8].

3.1. Th1-Phenotype Lymphocytes. Th1-phenotype lympho-
cytes that produce proinflammatory mediators called
cytokines, such as IL-2, IL-6, IL-8, IL-12, IL-18, TNF-α, and
IFN-γ are increased in patients with BD [7].

3.2. Th2-Phenotype Lymphocytes. Th2 cytokines have
responses precisely opposite to those of reactions elicited by
Th1. The results regarding the Th2-phenotype lymphocytes
and cytokines are controversial. Some studies have shown
decreased levels of CD8 T lymphocytes, IL-4, and IL-
10, whereas some others demonstrated increased CD8
T-lymphocyte populations as well as increased serum
concentrations of IL-4, IL-6, IL-10, and IL-13, indicating a
reduced circulating CD4/CD8 ratio [7].

3.3. Immunoglobulins, Immune Complexes, and Anticardiolip-
ins. Enhanced cell-mediated cytotoxicity with demonstrated
circulating immune complex response (usually antigen-
antibody complexes) against oral mucosal antigens, espe-
cially during an exacerbation period, supports the presence
of both Th1 and Th2 types of immune reaction in BD. These
immune complexes may be priming factors that trigger the
disease with a recruitment of some immune cells to the site
of inflammation that are present in the sera of more than
one-half of BD patients [7].

3.4. Neutrophils, Monocytes, and Complements. There is a
generalized derangement of the lymphocyte and neutrophil

populations during the course of BD, which is characterized
by elevated peripheral white blood cell count, activated
monocytes, increased neutrophil motility with infiltration
into the cutaneous and ocular lesions, and increased circu-
lating proteins such as C3, C4, C5, IgA, Haptoglobin, and
orosomucoid [9]. Active monocytes produce a number of
proinflammatory cytokines, such as IL-1, IL-6, IL-8, TNF-
α, and granulocyte-macrophage colony stimulating factor
(GM-CSF), and these cytokines contribute to neutrophil
activation by their augmented interactions with endothelial
cells, causing tissue damage possibly by priming neutrophils
[10]. Indeed, various hyperfunctions of neutrophils in
peripheral blood such as chemotaxis, active oxygen produc-
tion, and phagocytosis with infiltration into the lesion sites
have all been implicated during the course of active BD [11].
Moreover, leukocyte adhesion molecules such as P and L
selectins, Mac-1, and CD4 are expressed on peripheral leuko-
cytes and participate in the cascade of leukocyte chemotaxis
and adhesion, indicating the presence of immune system
activation in BD [12]. Plasma myeloperoxidase (MPO)
activity, representing neutrophil activation, and biomarkers
of oxidative stress reflecting protein oxidation, such as the
levels of advanced oxidation protein products (AOPPs), have
been found to be increased in BD patients, especially in active
disease [13]. This suggests again the activated neutrophils in
the etiopathogenesis of BD.

3.5. Heat Shock Proteins in BD. Heat shock protein (HSP)
is a small, ubiquitous stress-related streptococcal antigen
that can be induced by infections, trauma, heat, UV-B,
hypoxia, cold, and cytotoxic prostaglandins [14]. Anti-HSP-
65 antibodies cross-reactive with oral mucosal homogenates
and oral streptococci have been reported in BD. T-cell
antigen receptor (TCR) γδ-T lymphocytes are important in
first-line defense that allows T cells to recognize a wide range
of antigens as well as in regulation of Th1-Th2 responses,
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and HSP itself activates these subsets of cells known as the
CD4 and γδ-T lymphocytes that do not require peptide-
MHC I or II association for stimulation. Likewise, microbial
HSP-65-derived peptides and their mammalian counterpart
HSP-60, both of which cause autoimmunity with 60%
of sequence homology, have recently been demonstrated
to stimulate lymphoproliferative response in BD patients
[14, 15].

Recent developments in the innate immune system with
the description of toll-like receptors (TLRs) and HSP-60 as a
ligand for TLR-2 and TLR-4 suggest also the role of HSP-60
as an endogenous “danger” signal to the immune system with
rapid inflammatory cytokine release and the enhancement
of adaptive Th1-type responses [16]. Although contradictory
results have been reported for peripheral blood TCR γδ-
T lymphocyte counts, HSPs have pathophysiologically been
suggested in BD because increased T- and B-cell responses
against these autoantigens are observed in different ethnic
populations in BD [17]. Therefore, these cells as well as
HSPs may participate during the course of ocular and
mucocutaneous BD because of the following: (1) antibodies
against bacterial or human HSP-60/65 are capable of cross-
reacting with retinal antigens; (2) exposure to exogenous or
endogenous HSPs results in the proliferation of peripheral T
lymphocytes of ocular BD patients directed against both the
target and retinal antigens; (3) lesional skin of BD contains
increased numbers of both HSP-60 and TCR γδ-T lympho-
cytes; (4) γδ-T lymphocyte is present in tissue specimens
whereas HSP-65 expression is abundantly upregulated in
epidermal regions of active skin lesions such as erythema
nodosum and mucocutaneous lesions of patients with BD;
finally (5) elevated HSPs upregulate the expression of the
MICA locus in BD patients lying adjacent to the HLA-B5101
locus [18, 19]. Moreover, increased TCR-γδ-T lymphocytes
is normally cultured from inflamed vitreous and have been
detected in cerebrospinal fluid (CSF) and bronchoalveolar
lavage of patients with active BD. Furthermore, subcuta-
neous inoculation or oral administration of HSP-derived
peptide induces experimental uveitis [20]. Taken together,
BD seems to result from heightened responsiveness to
bacterial antigens in genetically susceptible hosts. In other
words, streptococcal HSP epitopes may reach the submucosa
of the mouth ulcers and elicit an inflammatory reaction
through upregulated HSP expression by minor injuries,
which stimulate self-HSP-60 reactive clones, suggesting
different local HSP responsive T-lymphocyte repertoire from
that of peripheral blood. This, in turn, may serve as a local
antigen with augmentation of inflammatory reaction.

3.6. Oxidative Stress, Antioxidative Defense, and Trace Ele-
ments in BD. In spite of unknown aetiology, it is now
accepted that reactive oxygen species produced by neu-
trophils may be related to the pathogenesis of BD. Not
only increased malondialdehyde and superoxide dismutase
levels but also decreased glutathione peroxidase activities in
erythrocytes were observed in patients with BD [21]. Toxic
compounds such as pesticides and insecticides have been
incriminated in BD. Recently, Aynacioglu et al. showed that
N-acetyltransferase 2∗5B allele was slightly higher in patients

with BD. This enzyme contributes to drug and toxic com-
pound metabolism [22]. Excessive superoxide anion (O2

−)
production and raised ADA activity (a marker of activated
neutrophil function, chemotaxis, and phagocytosis), as well
as hydrogen peroxide- (H2O2-) induced hydroxyl radical
(OH) and malondialdehyde productions have been demon-
strated in BD patients, suggesting neutrophil-mediated
immunity and increased amount of reactive oxygen species
(ROS) production, especially in the exacerbation period
[23]. Indeed, neutrophils of active BD patients are much
more vulnerable to oxidative injury than those from inactive
patients. On the other hand, endogenous free radical scav-
enging enzymes, such as superoxide dismutase, glutathione
peroxidase, and catalase, have been found to be decreased
in patients with BD [24]. This clearly results in insufficient
disposal of O2

− and H2O2 and, therefore, limited enzymatic
adaptation to ROS with circulating prooxidants in such
patients [25]. As activated T lymphocytes cause neutrophil
hyperfunction with overproduction of NO, O2

−, H2O2, OH,
and singlet oxygen (1O2) that is one of main ROS-generation
system in BD patients, the increased production of ADA
and LPO system confirms aggravated lymphocyte function
and ROS production, suggesting a possible new and simple
biochemical activity marker for ADA in BD. Therefore, the
interplay between ADA, O2

−, NO, and peroxynitrite anion in
the vascular wall of BD patients is likely to cause antioxidant
enzyme depletion, oxidative LPO and, therefore, deterio-
rated oxidant/antioxidant equilibrium, creating a condition
known as oxidative stress [26]. Trace elements function
as cofactors to antioxidant enzymes. Erythrocyte selenium,
plasma iron, manganese, and zinc levels are decreased,
whereas plasma copper, erythrocyte zinc, and manganese
levels are elevated in patients with BD. In addition, the
plasma concentrations of powerful nonenzymatic antioxi-
dants such as vitamins A, C, E, and β-carotene are lower in
such patients [27, 28].

3.7. Endothelial Cells, Nitric Oxide, and Related New Inflam-
matory Molecules. Behçet disease is characterized by vas-
culitis and endothelial cell dysfunction. Nitric oxide (NO),
endothelium-derived relaxing factor, is a free oxygen radical
that is produced by endothelial cells upon stimulation by
immunologic, infectious, and inflammatory stimuli, such as
cytokines, INF-γ, lipopolysaccharides, and endotoxin [29].
It is an important mediator of uveal inflammation, and
NO synthase activity has experimentally been demonstrated
in the uveal tissue [30]. Recently, evidence is accumulating
for the role of NO during the course of BD. Serum
nitrite and nitrate concentrations as an indicator of recent
NO production have been found to be decreased in BD
patients [31], and three recent studies have shown that Glu-
Asp298 polymorphisms of endothelial NO synthase gene
are associated with BD susceptibility [32]. In another study,
serum, erythrocyte, and synovial NO have been demon-
strated in BD [33]. NO concentrations are increased in BD
patients and associated with disease activity. Similar results
have been obtained by various investigators supporting this
finding [34]. In addition, aqueous humor NO levels have
been reported to be increased in uveitic BD patients [35].
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Increased serum levels of NO may be explained by various
molecules that have recently been implicated during the
course of BD. First, homocysteine, which is found to be
elevated in BD [36], enhances NO synthesis from endothelial
cells, induces the expression of chemoattractants by oxygen
free radicals, and is the potent inducer for IL-6, IL-8, and
TNF-α [37]. Because increased levels of proinflammatory
cytokines by endothelial cells, neutrophils, and macrophages
have well been established during the course of BD [38],
homocysteine- and cytokine-induced overproduction of NO
by immunocompetent cells may pathophysiologically be
related with BD and uveitis due to NO-generating cells
such as the endothelium, neutrophils, and macrophages,
resulting in oxidative stress with self-propagating LPO
in such patients [39]. Elevated NO levels, in turn, may
compensate these effects of homocysteine by its adhesion-
inhibitory properties. Second, another endothelium-specific
cytokine, vascular endothelial growth factor, is produced
by macrophages, activated human neutrophils, monocytes,
and vascular endothelial cells and potently stimulates angio-
genesis, endothelium-dependent vasodilatation, and NO
production by its receptors located on the systemic and
retinal vascular endothelial cells [40]. Indeed, inflammation
and proinflammatory cytokines induce VEGF expression
and VEGF itself upregulates NO synthase expression in
endothelial cells, inducing large amount of NO production
and leukocyte mobilization [41]. Because serum VEGF
levels have been found to be increased in BD patients and
correlated with ocular disease with demonstrated VEGF gene
polymorphisms [42], VEGF may therefore have contributed
to the elevated NO levels along with an additional risk factor
for the development of retinal vaso-occlusive disease and
neovascularization, resulting in poor visual outcome in such
patients. Finally, leptin, a product of the recently cloned ob
gene, is expressed in human vasculature and endothelial cells
and plays a crucial role during inflammation, and impaired
endothelial function reverses after leptin replacement [43].
TNF increases serum leptin levels in human, and leptin itself
directly enhances the release of NO from endothelial cells,
suggesting an autocrine or paracrine modulator role [44].
Because serum leptin levels have been demonstrated to be
higher in acute-phase response as well as in BD patients
[45], the pathophysiological significance of homocysteine-
cytokine-VEGF-leptin-NO cascade should further be inves-
tigated in detail during the course of BD.

4. The Role of Stress Factors and
Stress Hormones in BD

4.1. Hypothalamo-Pituitary Adrenal Axis in Behçet’s Disease.
Dysfunction of the hypophysis gland in both humans and
animals was shown to be associated with several autoimmune
diseases [46, 47]. As in other chronic autoimmune diseases,
there may be some changes in cortisol levels due to adrenal
tiredness associated with long-term stress in Behçet’s disease.
Colak et al. observed that cortisol values in the 60th minute
were significantly lower in Behçet’s disease patients than
in the control group after 1 μg ACTH stimulation test.

In this study, when peak cortisol responses to low-dose
test were compared between patient and control groups, a
significant decrease was found in the patient group. When
peak cortisol responses to low-dose test and standard-dose
test were compared in the patient group, peak cortisol
responses to low-dose test were found significantly lower
than those to standard-dose test. Comparison of under the
curve cortisol responses between patient and control groups
showed that under the curve value was significantly lower
between 30th and 60th minutes in low-dose test in the
patient group than in the control group. When percentage
increase values of cortisol responses to low-dose test were
compared between patient and control groups, the 60th
minute value in the patient group was found significantly
lower than that in the control group [48]. Autoimmune
diseases develop when endocrine changes caused by various
stresses like infection, together with some regulatory defects,
affect autoreactive cells and exceed the critical threshold that
leads to autoimmunity [49]. The most common cause of
primary adrenal cortex failure is autoimmune adrenalitis that
results in bilateral adrenal atrophy. Clinical signs of adrenal
failure are not seen until at least 90% of the adrenocortical
tissue is destroyed. The rate of the copresence of diseases
having autoimmune events in their pathogenesis is high.
Primary adrenal failure, which is an autoimmune disease,
may accompany Behçet’s disease, for the aetiopathogenesis
of which autoimmunity is held responsible [50]. There
are some studies assessing adrenal functions in the other
autoimmune diseases including rheumatoid arthritis, sys-
temic lupus erythematosus, and Sjögren’s syndrome [51–55].
There is a partial dysfunction that can be revealed by LDT
in Behçet’s syndrome patients [48]. It was concluded that
hypothalamo-pituitary adrenal axis was partially suppressed
in Behçet’s disease and that occult adrenal failure should be
carefully considered in case of acute stress.

4.2. Sex Hormones in BD. While this paper has focused
on the HPA axis and glucocorticoids and their role in
susceptibility to inflammatory disease, estrogen is known to
play an extremely important role in immune modulation and
contributes to the approximately two- to tenfold higher ratio
of most autoimmune diseases in females of all species [56].
Ovariectomy has been shown to reduce, while replacement
of estrogen reconstitutes, this differential susceptibility to
experimental inflammatory arthritis in rodents [57]. Fur-
thermore, gender, menstrual cycle, and estrogen replacement
therapy have all been shown to affect HPA axis and immune
function in human studies [58].

4.3. Activation of Neutrophils by Testosterone in Behçet’s
Disease. To determine the putative role of testosterone on
neutrophil activity exhibited by patients with BD, peripheral
blood neutrophils were examined in vitro before and after
treatment with testosterone. Yavuz et al. analysed peripheral
blood neutrophils of 49 patients with BD, 33 patients with
ankylosing spondylitis, 8 female patients with hirsutism, and
31 healthy individuals. They indicated that gender differences
were striking not only in the mean oxidative burst response
but also in the rate of apoptosis. Male BD patients manifested
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increased burst response before testosterone treatment com-
pared with females. Consistent with oxidative burst results,
baseline percentages of CD66b- and CD16-expressing cells
were greater in male BD patients. A decreased apoptosis ratio
was observed using PhiPhilux and PI staining in BD patients.
This was especially significant in male compared to female
BD patients. BD itself rather than the gender was found to be
the most important predictor of this altered apoptosis ratio
in BD determined by linear regression analysis [59]. These
results suggested that a contribution of testosterone to the
BD pathogenesis could not be ruled out.

4.4. Prolactin (PRL) and Other Sex Hormones in BD. Pro-
lactin acts as a neuroendocrine modulator of both skin
epithelial growth and the skin immune system. Moreover,
it was proposed that PRL forms a “PRL circuit” between
the skin and the central nervous system [60]. This concept
can now be readily integrated into current views on the
multilevel neuroendocrine-immune communication along
the “brain-skin axis” in health and disease [61]. Inspired by
this hypothesis, PRL and PRL-receptors expression have now
been demonstrated in several cutaneous cell populations,
including keratinocytes, fibroblasts, sweat glands, and seba-
ceous glands. In addition, PRL and PRL-receptors expression
has also been identified in the key cellular protagonists of the
skin immune system [62].

The results regarding the PRL levels in BD are contro-
versial. Some studies have shown increased levels of PRL,
whereas some others demonstrated decreased and normal
levels of PRL in BD [63–66]. Karakus et al. indicated that PRL
levels of male patients having ocular involvement had lower
levels of inactive group, while female patients having ocular
involvement had lower levels of DHEA-S compared to the
active group. They found that no other remarkable hormonal
difference including FSH, LH, T3, T4, TSH was observed
among Behçet’s patients [67]. Gül et al. found that mean total
testosterone levels of BD patients were significantly lower
than those of healthy controls; however, patients with BD and
increased 17-OH-progesteron levels only had normal total
testosterone levels. And they also indicated more commonly
21-hydroxylase gene mutations and deficiency in BD [68].
Mat et al. found that androgen receptor density in scrotal
skin of BD was normal [69]. In some studies, it has been
suggested that there is a correlation between high serum pro-
lactin levels and activation of certain autoimmune diseases.
Hyperprolactinemia, which has the potential to exacerbate
autoimmunity, may coexist with BD [70]. For many years,
bromocriptine, a D1 and D2 dopamine receptor agonist, has
been the standard medicine for hyperprolactinemic patients.
That there was a beneficial effect of low-dose cyclosporine
plus bromocriptine combination therapy on autoimmune
human uveitis may indicate the role of prolactin in the
pathogenesis of BD [70].

4.5. Neuropeptides in Behçet’s Disease. Recently, the associa-
tion between stressful life events and various dermatologic
diseases is explained by the concept of neuro-immune-
cutaneous system [71]. It was reported that neuropeptides,
especially substance P (SP) and calcitonin-gene-related

peptide (CGRP), and neurotrophins such as nerve growth
factor (NGF) affect the pathogenesis of skin disorders like
atopic dermatitis and psoriasis vulgaris [72, 73]. Taking into
account inflammatory responses that occur during emo-
tional stress in BD patients, it seems likely that neurogenic
mediators may be associated with BD. Jang et al. observed
that strong immunoreactivity of SP and NGF was seen in
the epidermis, panniculitis lesion, and vasculitis lesion of
BD patients. However, CGRP levels were decreased in BD
patients [74]. Aki et al. noted that SP in the active BD
period was significantly higher than controls whereas that
of inactive BD was not. SP in active BD was significantly
higher than in inactive BD. And also they found that
CGRP during both active and inactive periods of BD was
significantly higher than controls, and CGRP in active BD
was significantly higher than in inactive BD. They think
that the increased SP and CGRP found in active BD may
be associated with BD pathogenesis through the increase
in expression of cellular adhesion molecules, IL-8 release,
and neutrophil chemotaxis [75]. Endothelial cells have
specific receptors for SP and CGRP. These neuropeptides
influence endothelial cell functions through their receptors.
SP and CGRP have several effects that can play a role
in the pathogenesis of vasculitis, via endothelial cells and
neutrophils. The aforementioned effects of SP and CGRP
on vasodilatation, vascular permeability, and endothelial-
associated inflammation suggest that they may have a role in
vasculitic events [76]. In conclusion, an increase in serum SP
and CGRP levels in BD was found in different studies. This
suggests that the neuropeptides may be contributing to BD
pathogenesis by affecting vasculitic events.

4.6. Natriuretic Peptides in Behçet’s Disease. Natriuretic
peptides (NPs) maintain an important endocrine-paracrine
influence over many vascular parameters. NPs have a
fundamental role in cardiovascular remodeling, volume
homeostasis, and the response to ischemia. Moreover, the NP
level is associated with cardiac problems such as heart failure
and thromboembolism [77, 78]. Cardiovascular involvement
in BD includes coronary arteritis, coronary artery aneurysm,
myocarditis, pericarditis, acute myocardial infarction, silent
myocardial ischemia, intracardiac thrombus, heart failure,
vasculitis, venous occlusions, arterial aneurysms, and/or
arterial occlusions [79]. Yaǧci et al. studied serum atrial
natriuretic peptide (ANP), brain natriuretic peptide (BNP),
and C-type natriuretic peptide (CNP) levels in Behçet’s
patients with active and inactive period. Serum ANP con-
centrations of the BD patients in the active subgroup were
significantly lower than those of the healthy controls. In this
study, when compared with healthy controls, serum BNP
levels were found to be significantly higher in both the active
and inactive BD subgroups. When the study groups were
evaluated on the basis of CNP levels, the active BD subgroup
had significantly decreased CNP levels in comparison with
the inactive and control groups [80]. ANP has been linked
to the immune system, and it regulates the balance between
TH1 and TH2 responses [81–83]. It may be supposed that
decreased CNP levels in the patients may be one of the
consequences of the endothelial dysfunction in BD.
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Table 1: Key stress protagonists in the BD.

Stress mediators, hormones, and
cells

Main biological effect In BD

Hormones of the HPA axis (CRH,
ACTH, glucocorticoids)

Activate mast cells
Upregulate production of IL-4, IL-6, IL-10, and IL-
13
Inhibit the production of IL-12, IFN-γ, and TNF-α
by antigen-presenting cells and T-helper 1 cells

Partial HPA axis dysfunction [10].

Prolactin
Participates in early and late T-cell activating
events; contributes to a proinflammatory and
apoptosis-prone environment

Increased, decreased, or normal [26–29].

Sex hormones Immune modulation, affect HPA axis

Activation of neutrophils by testosterone, lower
levels of DHEA-S (ocular BD), increased 17-OH-
progesteron, testosterone, estradiol, FSH, LH,
T3, T4, and normal TSH levels and androgen
receptor density in scrotal skin, increased 21-
hydroxylase gene mutations [30–32].

Substance P
Induces inflammation
Induces lymphocyte proliferation
Activates mast cells

Higher levels in active BD, strong immunoreac-
tivity of SP in vasculitic skin lesions [39, 45].

CGRP
Inhibits proliferation and IL-2 release of
T lymphocytes under immune challenges
Activates mast cells, induces vascular permeability

Increased or decreased levels in BD [45, 52].

NGF, NEP, neuropeptide degrad-
ing enzyme

Promotes “crosstalk” between neuronal and
immune cells
Acts as autocrine and paracrine factor in the
development and regulation of immune cells
Promotes monocyte and macrophage migration
through vascular endothelium
Activates mast cells

Strong immunoreactivity in vasculitic skin
lesions,
Decreased NGF levels in inactive BD
(Ocular-BD) [39, 52].

Natriuretic peptides

Endocrine-paracrine influence over many vascular
parameters including fluid and electrolyte balance,
vasodilatation, smooth muscle proliferation, and
the reactivity of immune cells.

Lower ANP concentrations in active BD, higher
serum BNP levels in BD, decreased CNP levels in
active BD [56].

Heat shock proteins Activates CD4 and γδ-T lymphocytes

Antibodies against bacterial or human HSP-
60/65 are capable of cross-reacting with retinal
antigens
Exposure to HSPs results in the proliferation of
peripheral T lymphocytes of ocular BD patients
Lesional skin of BD contains increased numbers
of both HSP-60 and TCR γδ-T lymphocytes
γδ-T lymphocyte is present in tissue specimens,
whereas HSP-65 expression is abundantly upreg-
ulated in epidermal regions of active skin lesions
Elevated HSPs upregulate the expression of the
MICA locus in BD patients [68, 69].

Oxidative stress
Activate neutrophil function, chemotaxis, and
phagocytosis

Excessive superoxide anion production, raised
ADA activity, hydrogen peroxide-induced
hydroxyl radical, and malondialdehyde
productions [71, 75]

Antioxidative defense Free radical scavenging
Decreased superoxide dismutase, glutathione
peroxidase, and catalase levels [71].

Trace elements and vitamins
Cofactors to antioxidant enzymes
Nonenzymatic antioxidants

Decreased erythrocyte selenium, plasma iron,
manganese, and zinc levels, increased plasma
copper, erythrocyte zinc, and manganese levels,
lower plasma concentrations of vitamins A, C, E,
and β-carotene [77, 78].
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Table 1: Continued.

Stress mediators, hormones, and
cells

Main biological effect In BD

Neutrophils, monocytes,
and complements

Produce a number of proinflammatory cytokines,
chemotaxis, active oxygen production, and phago-
cytosis
Innate immune system activation

Hyperfunctions of neutrophils, leukocyte adhe-
sion molecules including P and L selectins, Mac-
1 and CD4 expression on peripheral leukocytes,
increased plasma myeloperoxidase activity, ele-
vated peripheral white blood cell count, activated
monocytes, increased neutrophil motility, and
circulating proteins including C3, C4, C5 [79].

Nitric oxide Free oxygen radical

Decreased serum nitrite and nitrate
concentrations, and Glu-Asp298 polymorphisms
of endothelial NO synthase gene, increased NO
concentration [85–90].

Psychological factors
Regulate the immune system at regional, local, and
systemic levels

More depression and anxiety scores, affected
quality of life [85–88].

4.7. Stress Management in BD. The interaction between the
physical and psychological factors seems reasonable in the
experience of a BD. Numerous studies have provided a
strong basis for considering the role of psychosocial factors
on the course the rheumatic disease. Gur et al. established
that arthropathy was one of the common manifestations
of BD. Arthritis in BD affects considerably patients’ pain
levels and quality of life [84]. Koçak et al. conclude that
depressive mood according to the BDI scale correlates with
the sexual status of BD patients, and this may be because
of the depressive effect of BD as a chronic disease [85].
Taner et al. observed that patients with BH had more
depression and anxiety scores than in psoriatic patients
[86]. Uğuz et al. observed that concurrent major depression
had a negative impact on quality of life of BD patients
and that quality of life was negatively correlated with the
severity of depressive symptoms. Behçet’s disease was a
multisystemic inflammatory disorder associated with high
levels of depressive symptoms and lower quality of life [87].

Psychological/psychiatric interventions could usefully be
included in the normal Behçet’s patients assessment, as it
should both improve patient care and be cost effective. Coun-
seling and psychotropic medications can benefit patients
with depression or anxiety related to their skin problems,
and consultation with a dermatologist and, in some cases,
a psychiatrist can be beneficial. The effect of skin diseases is
considerable and underappreciated. Physicians applying the
biopsychosocial model to skin diseases will be rewarded with
improved therapeutic alliances and with grateful patients
who experience improved quality of life [88].

No specific pharmacological interventions are as yet
available to prevent or treat stress triggered skin disorders
in humans. However, based on the wealth of data that
has recently accumulated in this field, reasonable pharma-
cological treatment options are slowly coming into sight.
Abrogation of mast-cell activation seems to be a promising
approach in this endeavor, but, to date, few if any clinically
available molecules can effectively inhibit mast-cell activa-
tion. Disodium cromoglycate was shown to inhibit rodent
mast cells but was a very weak inhibitor of mast-cell cytokine
release [89]. Increasing recent evidence indicates that certain

flavonols, such as quercetin, are powerful inhibitors of both
prestored and newly synthesized mediators from human
mast cells [90]. The combination of such flavonoids with
proteoglycans, such as chondroitin sulphate, appears to
provide synergistic efficacy by inhibiting both activation and
secretion of mast cells [91]. Appropriate CRH-R antagonists,
when available, might also provide a unique therapeutic
approach in skin conditions precipitated or worsened by
stress [92]. Further, the prototypic stress-associated neu-
ropeptide SP may be blocked by the application of a
high-affinity neurokinin-1 receptor antagonist [93]. Thus,
neurokinin-1 receptor antagonists might be useful in allevi-
ating stress-induced hair loss and skin inflammation. NGF
receptor p75 antagonists also deserve systematic exploration
as candidate “antistress” drugs in the treatment of stress-
triggered or stress-aggravated skin disorders, such as psori-
asis and stress-induced telogen effluvium [94]. However, one
evidently must be very cautious in translating results from
murine models to humans. No specific pharmacological
intervention—other than antidepressants and anxiolytics—
is currently clinically available to manage selectively the
impact of psychological stress on skin disorders in humans.
However, reasonable pharmacological treatment options are
coming into sight. Mast cells could be prominent targets
of CRH and related peptides, contributing to neurogenic
inflammation; it is therefore reasonable to propose the use
of CRHR antagonists. CRHR antagonists (e.g., antalarmin
or astressin) would be one class of molecules that could
be tested by local administration in the model systems
described, especially because higher CRHR-1 gene expres-
sion was documented in contact dermatitis [94]. Folates
supplementation may be useful for BD patients with hyper-
homocysteinemia. And also nonenzymatic antioxidants such
as vitamins A, C, E, and carotene, trace elements including
selenium, plasma iron, manganese, and zinc might be useful
in patients with BD, if they are low [78] (see Table 1).

5. Conclusion

However, an adaptive immune system is also crucial in BD,
with possibly both external (streptococcal, superantigens)
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and internal (heat-shock- or organ-specific proteins) anti-
gens driving the pathogenic tissue T-cell infiltrations. Better
characterisation of pathogenic immune cell subsets, systemic
and local antigens, and abnormal cell-activation mechanisms
may help in the future to develop more specific and less toxic
immunotherapeutic approaches to the still unsatisfactorily
treated BD. There is some clinical evidence suggesting
that hormonal alterations can influence the course and
disease activity of BD. Behçet’s experts should become far
more attentive to the effect of psychological stress on skin
disorders, not only for the benefit of their patients but also
because the skin serves as a very clinically relevant model
system for exploring the neuroimmunology of peripheral
and central stress responses.
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Conference on Behçet’s Disease, D. Bang, E. S. Lee, and S. Lee,
Eds., p. 549, Seoul, Korea, 2000.

[68] N. Gül, A. Gül, F. Alagöl et al., “The role of 21-hydroxylase
deficiency in the pathogenesis of Behçet’s disease,” in Proceed-
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Behçet’s disease and their association with disease activity,”
Clinical and Experimental Dermatology, vol. 31, no. 4, pp. 583–
587, 2006.

[76] A. Al-Dalaan, S. Al-Sedairy, S. Al-Balaa et al., “Enhanced
interleukin 8 secretion in circulation of patients with Behcet’s
disease,” The Journal of Rheumatology, vol. 22, no. 5, pp. 904–
907, 1995.

[77] A. M. Vollmar, “The role of atrial natriuretic peptide in the
immune system,” Peptides, vol. 26, no. 6, pp. 1086–1094, 2005.

[78] A. Ahluwalia, R. J. MacAllister, and A. J. Hobbs, “Vascular
actions of natriuretic peptides—cyclic GMP-dependent and -
independent mechanisms,” Basic Research in Cardiology, vol.
99, no. 2, pp. 83–89, 2004.

[79] U. Tursen, B. Ulubas, T. I. Kaya, H. Pekdemirt, and G.
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Historical Background. The ISG criteria for Behcet’s, created in 1990, have excellent specificity, but lack sensitivity. The International
Criteria for Behcet’s Disease (ICBD) was created in 2006, as replacement to ISG. The aim of this study was to compare their
performance. ISG and ICBD Criteria. For ISG oral aphthosis is mandatory. The presence of any two of the following (genital
aphthosis, skin lesions, eye lesions, and positive pathergy test) will diagnose/classify the patient as BD. For ICBD, vascular lesions
were added, while oral aphthosis is no more mandatory. Getting 3 or more points diagnose/classify the patient as BD (genital
aphthosis 2 points, eye lesions 2 points, and the remaining each one point). Performance and Comparison of ISG and ICBD.
Their sensitivity, specificity, and accuracy (percent agreement), were tested in three independent cohort of patients from Far-
East (China), Middle-East (Iran), and Europe (Germany). The sensitivity for ISG was respectively 65.4%, 78.1%, 83.7% and for
ICBD 87%, 98.2%, and 96.5%. The specificity for ISG was 99.2%, 98.8%, 89.5% and for ICBD 94.1%, 95.6%, and 73.7%. The
accuracy for ISG was 74.2%, 85.5%, 85.5% and for ICBD 88.9%, 97.3%, and 89.5%. Conclusion. ICBD has better sensitivity, and
accuracy than ISG.

1. Historical Background

Although Behcet’s Disease (BD) is relatively a young disease
(described in 1937), it has already 16 sets of diagno-
sis/classification criteria. The first of them was proposed by
Curth in 1946, less than 10 years after the description of
the disease [1]. It was followed by Hewitt et al. in 1969 [2],
Mason and Barnes in 1969 [3], Hewitt et al. revised in 1971
[4], Japan in 1972 [5], Hubault and Hamza in 1974 [6],
O’Duffy in 1974 [7], Chen in 1980 [8], Dilsen et al. in 1986
[9], Japan revised in 1988 [10], International Study Group
(ISG) in 1990 [11], Iran in 1993 [12], Classification Tree in
1993 [13], Dilsen revised in 2000 [14], Korea in 2003 [15, 16],
and the International Criteria for Behcet’s Disease (ICBD) in
2006 [17–19].

The ISG criteria were created in 1990 to bring a
consensus on one set of criteria by the collaboration of
France, Iran, Japan, Tunisia, Turkey, UK, and USA. With the
sensitivity of ISG criteria being low [12, 20–25], during the
first International Workshop of Behcet’s Disease in Kuhtai
(Austria), it was decided to create an international team to
evaluate the performance of ISG criteria and to compare it
with the existing BD criteria and revise it if necessary.

The ITR-ICBD team was founded in 2004 with the
participation of 27 countries (Austria, Azerbaijan, China,
Egypt, France, Germany, Greece, India, Iran, Iraq, Israel,
Italy, Japan, Jordan, Libya, Morocco, Pakistan, Portugal,
Russia, Saudi Arabia, Singapore, Spain, Taiwan, Thailand,
Tunisia, Turkey, and USA). The International Criteria for
Behcet’s Disease (ICBD) were presented to the International
Conference of Behcet’s Disease in Lisbon (Portugal) in 2006.
Originally it had two formats, like the Iranian criteria. Later,
it was decided to keep only the traditional format [17–19].
The ICBD were presented to the 2007 World Congress of
Dermatology in Argentina and to 2009 ACR congress of
Rheumatology in the USA [19].

2. ISG and ICBD Criteria

The ISG criteria [11] use 5 items. Two items are mucous
membrane manifestations. They are oral aphthosis (OA) and
genital aphthosis (GA). The third item is skin manifestations,
comprising pseudofolliculitis (PF) and erythema nodosum
(EN). The forth item is ocular manifestations. They are
anterior uveitis (AU), posterior uveitis (PU), and retinal
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vasculitis (RV). The fifth item is the presence of pathergy
phenomenon (PP). It is detected by the pathergy test [26–
30]. In ISG criteria, the presence of OA is mandatory. Two
other items from the 4 remaining (GA, skin, eye, PP) are
necessary to classify a patient as having BD.

For the international criteria, the ICBD [17–19], vascular
manifestations (VMs) have been added to the 5 items of ISG
criteria, because they are one of the characteristics of BD,
and were used in many criteria before the advent of ISG
(Mason and Barnes, Hewitt, Hubault and Hamza, Dilsen,
Japan revised, and Dilsen revised criteria). VM is defined
as superficial phlebitis, deep vein thrombosis, large vein
thrombosis, arterial thrombosis, and aneurysm. Therefore,
ICBD use six items: OA, GA, skin (PF, EN), eye lesions (AU,
PU, RV), VM, and PP. In the ICBD, genital aphthous lesions
and eye lesions have more diagnostic value than the others.
They get each 2 points. The other 4 items (OA, skin, VM, PP)
get one point each. A patient has to get 3 or more points to
be diagnosed/classified as having BD.

3. Performance and Comparison of
ISG and ICBD

Many ways and methods can be used to evaluate the
performance of a criteria set. The most common used are
sensitivity, specificity, and accuracy. Other methods are the
positive predictive value, the negative predictive value, the
positive likelihood ratio, the negative likelihood ratio, the
diagnostic odds ratio, and Youden’s index [35–39].

Sensitivity is the number of BD patients correctly classi-
fied (diagnosed) by the criteria. It is expressed as percentage
(number of diagnosed BD patients, divided by the total
number of BD patients, and then multiplied by 100) [35].
The sensitivity of ISG in their cohort of 886 patients was
92% [11]. The 95% confidence interval (95% CI) was 90%
to 93.6%. The sensitivity of ICBD in their cohort of 2556 BD
patients was 96.1% (95% CI 95.3–96.8). By chi-square test
the difference between the two sets of criteria is statistically
significant (χ2= 23.439, P < 0.001). The sensitivity of ISG in
the ICBD cohort of patients was 82.4% (95% CI80.9–83.9).

It is important to look at the sensitivity of the two criteria
in independent cohort of patients. Three studies validated
the ICBD in their cohort of patients: Germany in 2008 [31],
China in 2008 [32], and Iran in 2010 [33]. The sensitivity
of ISG was, respectively, 83.7% (95% CI 74.3–90.1), 65.4%
(95% CI 60.2–70.5), and 78.1% (95% CI 77–79.1). The
sensitivity of ICBD was, respectively, 96.5% (95% CI 89.7–
99.2), 87% (95% CI 82.8–90.2), and 98.2% (95% CI 97.8–
98.5).

Table 1 shows the sensitivity of ISG in different cohort of
patients from different parts of world [11, 12, 17–24, 31–33].

Specificity is the number of non-BD patients, correctly
recognized as not having BD. It is expressed as percentage
(number of non-BD patients correctly recognized as not
having BD, divided by the total number of non-BD patients,
then multiplied by 100) [35]. The specificity of ISG criteria
in their own cohort of patients was 97% (95% CI 90.8–
99.3). However, the number of control patients was only

Table 1: Sensitivity of different classification/diagnosis criteria.

Study Reference Number Criteria
Sensitivity

% 95% CI

ISG 1990 [11] 886
ISG 92 90.0–93.6

ICBD — —

Iran 1993 [12, 13] 2069
ISG 86.2 84.6–87.6

ICBD — —

China 1996 [20] 79
ISG — —

ICBD — —

APLAR 1998 [21] 216
ISG 72.2 65.9–77.8

ICBD — —

Russia 2000 [22] 105
ISG 79.8 71.2–86.6

ICBD — —

USA 2000 [23] 164
ISG 75.6 68.4–81.6

ICBD — —

India 2004 [24] 50
ISG 72 58.2–82.6

ICBD — —

Singapore 2004 [24] 37
ISG 46 31.1–61.6

ICBD — —

China 2004 [24] 98
ISG 81 71.6–87.3

ICBD — —

Korea 2004 [24] 1454
ISG 58 55.4–60.5

ICBD — —

Iran 2004 [24] 4900
ISG 82 80.9–83.0

ICBD — —

ICBD 2006 [17–19] 2556
ISG 82.4 80.9–83.8

ICBD 96.1 95.3–96.8

Germany 2008 [31] 86
ISG 83.7 74.3–90.1

ICBD 96.5 89.7–99.2

China 2008 [32] 322
ISG 65.4 60.2–70.5

ICBD 87 82.8–90.2

IRAN 2010 [33] 6128
ISG 78.1 77.0–79.1

ICBD 98.2 97.8–98.5

95% CI: 95% confidence interval.

97, and all other control patients having oral aphthosis were
discarded from the original cohort of control patients [34].
The specificity of ICBD in their cohort of patients was 88.7%
(95% CI 86.8–90.4). The specificity of ISG and ICBD in
Germany, China, and Iran was, respectively, 89.5%, 99.2%
and 98.8% (ISG), and 73.7%, 94.1%, and 95.6% (ICBD).
Table 2 shows the specificity of different criteria in different
studies.

Accuracy or percent agreement is the ability of the criteria
to correctly recognize BD patients from the non-BD patients.
It is also expressed by percentage (number of diagnosed BD
patients + number of non-BD patients correctly recognized
as not having BD, divided by the total number of BD patients
+ total number of non-BD patients, and then multiplied
by 100) [35]. The accuracy of ISG in their own cohort of
patients was 92% (95% CI 90.1–93.5). The accuracy of ICBD
in their own cohort of patients was 93.8% (95% CI 93–
94.5). The accuracy of ISG and ICBD in Germany, China,
and Iran was, respectively, 85.5%, 7402% and 85.5% (ISG),
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Table 2: Specificity of different classification/diagnosis criteria.

Study Reference Number Criteria
Specificity

% 95% CI

ISG 1990 [11] 97
ISG 97.0 90.8–99.3

ICBD — —

Iran 1993 [12, 13] 1540
ISG 97.5 96.6–98.2

ICBD — —

China 1996 [20] 35
ISG 79.8 63.7–90.1

ICBD — —

APLAR 1998 [21] 145
ISG 99.3 95.7–100

ICBD — —

Russia 2000 [22] 233
ISG 99.8 98.0–100

ICBD — —

ICBD 2006 [17–19] 1163
ISG 96.0 94.6–96.9

ICBD 88.7 86.8–90.4

Germany 2008 [31] 38
ISG 89.5 75.1–96.3

ICBD 73.7 57.8–85.1

China 2008 [32] 118
ISG 99.2 94.8–100

ICBD 94.1 88.0–97.3

IRAN 2010 [33] 3400
ISG 98.8 98.4–99.1

ICBD 95.6 94.8–96.2

95% CI: 95% confidence interval.

Table 3: Accuracy of different classification/diagnosis criteria.

Study Reference Number Criteria
Accuracy

% 95% CI

ISG 1990 [11] 983
ISG 92 90.1–93.5

ICBD — —

Iran 1993 [12, 13] 3609
ISG 91 90.0–91.9

ICBD — —

China 1996 [20] 114
ISG 79.8 71.4–86.2

ICBD — —

APLAR 1998 [21] 361
ISG 85.8 81.9–89.1

ICBD — —

Russia 2000 [22] 338
ISG 89.8 86.2–92.7

ICBD — —

ICBD 2006 [17–19] 3719
ISG 86.7 85.6–87.7

ICBD 93.8 93.0–94.5

Germany 2008 [31] 124
ISG 85.5 78.1–90.7

ICBD 89.5 82.7–93.8

China 2008 [32] 450
ISG 74.2 70.0–78.0

ICBD 88.9 85.6–91.5

IRAN 2010 [33] 9528
ISG 85.5 84.8–86.2

ICBD 97.3 97.0–97.6

95% CI: 95% confidence interval.

and 89.5%, 88.9%, and 97.3% (ICBD). Table 3 shows the
accuracy of different criteria in different studies.

Positive predictive value (PPV) demonstrates the prob-
ability that the positive test be true positive. PPV is more
influenced by specificity than sensitivity. A criteria set with
90% sensitivity and 90% specificity will have a PPV of 90.
If sensitivity increases to 95, PPV will improve to 90.5%,

while if specificity increases to 95%, PPV will improve to
94.8%. PPV is also greatly influenced by the prevalence of
the disease. Taking the above example, the PPV remains the
same (90) in a dedicated BD clinic, where 50% of patients
have BD and 50% are controls (patients mimicking BD but
are not true BD). In the general population, with a prevalence
of 80 for 100,000 inhabitants, the PPV becomes only 0.72.
Therefore the results calculated in a specific setting cannot
be used in another setting [33]. The PPV was higher for
ISG than ICBD criteria in the 3 independent set of patients;
however, the difference was very small in the Iranian patients,
only 2.8% (Table 4).

Negative predictive value (NPV) indicates the probability
of a negative test to be a true negative. The NPV also is
influenced by the prevalence of the disease. On the contrary
of PPV, the NPV is more influenced by sensitivity than
specificity. It is also highly influenced by the prevalence of
the disease [33].

Positive likelihood ratio (PLR) demonstrates the odds of
having the disease. If PLR is superior to 5, it means that
the test is related to the disease. It is highly influenced by
specificity, as is the PPV. It is why the PLR is much higher
for ISG criteria than ICBD (Table 4). Higher PLR for ISG
means that, if ISG is positive, the chance of having BD is very
high, but unfortunately ISG was negative in around 18% of
subjects, in the 3 independent sets (Table 1).

Negative likelihood ratio (NLR) shows the odds of not
having the disease. It is highly influenced by the sensitivity, as
for the NPV. It has therefore better values for ICBD than for
ISG criteria (Table 4). The high NLR for ICBD means that, if
ICBD are negative, there are little chances for the patient to
have BD (only 2% error rate for the Iranian patients: Table 4).

Diagnostic odds ratio (DOR) is a new way to show how
much a test is reliable, like combining the PLR and NLR
results. If DOR is 1, it means the test (criteria) does not
discriminate between the patient and the control. The power
of discrimination increases with higher values of DOR. The
DOR of ISG is 294 and of ICBD is 1185 in the Iranian
patients, demonstrating the high discriminative power of
ICBD over ISG (Table 4).

Youden’s index (YI) is a rather old (1950) and simple cal-
culation, combining the results of sensitivity and specificity,
to show the performance of the diagnosis criteria. The result
goes from zero to one. The more the result approaches 1,
the higher the performance of the test is. The ideal is one,
meaning a sensitivity and a specificity of 100%. A sensitivity
and a specificity of 90% will give a YI of 0.8. The YI of ISG is
inferior to ICBD in China and Iran (Table 4).

4. Conclusion

ICBD are the latest diagnosis/classification criteria, created
by the participation of 27 countries from different parts of
the world. The large number of Behcet’s disease patients and
control patients, from inside and outside of the Silk Road,
assures the variability needed to create an international cri-
teria that can work in any country with different ethnicities.
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Table 4: Predictive value, likelihood ratio, diagnostic odds ratio, and Youden’s index.

Study Reference Criteria PPV NPV PLR NLR DOR YI

ISG 1990 [11] ISG 96.8 92.4 30.7 0.08 371.8 0.89

ICBD — — — — — —

Iran 1993 [12, 13]
ISG 97.2 87.6 34.5 0.14 243.6 0.84

ICBD — — — — — —

APLAR 1998 [21] ISG 99.0 78.1 103.1 0.28 368.4 0.71

ICBD — — — — — —

Russia 2000 [22] ISG 99.7 83.2 399 0.20 1971 0.80

ICBD — — — — — —

ICBD 2006 [17–19]
ISG 95.4 84.5 20.6 0.18 112.4 0.78

ICBD 89.5 95.8 8.5 0.04 193.4 0.85

Germany 2008 [31] ISG 88.8 84.6 7.97 0.18 43.8 0.73

ICBD 78.6 95.5 3.67 0.05 77.3 0.70

China 2008 [32] ISG 98.8 74.1 81.7 0.35 234.4 0.65

ICBD 93.6 87.9 14.7 0.14 106.7 0.81

IRAN 2010 [33] ISG 98.5 81.9 65.1 0.22 294 0.77

ICBD 95.7 98.2 22.3 0.02 1185 0.94

PPV: positive predictive value, NPV: negative predictive value, PLR: positive likelihood ratio, NLR: negative likelihood ratio, DOR: diagnostic odds ratio, and
YI: Youden’s index.

The validation of the criteria in the Far East, Middle-East,
and Europe demonstrates its validity.
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Behcet’s disease is a multisystem disease characterized by recurrent oral and genital ulcers, relapsing uveitis, mucocutaneous,
articular, gastrointestinal, neurologic, and vascular manifestations. Rheumatologic manifestations may also occur in Behcet’s
disease, and arthritis and arthralgia are the most common musculoskeletal findings followed by enthesopathy, avascular necrosis,
myalgia, and myositis. Although the main pathology of Behcet’s disease has been known to be the underlying vasculitis, the etiology
and exact pathogenesis of the disease are still unclear. Musculoskeletal findings of Behcet’s disease, the relationship between
Behcet’s disease and spondyloarthropathy disease complex, and the status of bone metabolism in patients with Behcet’s disease
were discussed in this paper.

1. Introduction

Behcet’s disease (BD) is a chronic and recurrent multisys-
temic disorder, mainly characterized by oral and genital aph-
thous ulcers, skin lesions, and uveitis, occasionally resulting
from inflammation in central nervous and gastrointestinal
system, lungs, kidneys, and joints [1]. Additionally, BD is
described as a systemic, vasculitic disorder in which both
arteries and veins of any kind of organ may involve [2].
The disease may be distributed worldwide, but it is more
prevalent in Asian and Mediterranean regions [3].

The etiology and pathogenesis of BD still remain obscure.
However, both genetic and environmental factors, such
as microbial pathogens, have been proposed to initiate a
congenital and/or acquired immune dysfunction that cause
development of the clinical manifestations of the disease
[4]. Musculoskeletal involvement in BD is one of the most
frequent findings among the clinical manifestations. Table 1
summarizes the musculoskeletal findings of BD, found in the
medical literature. Arthritis and arthralgia are the most com-
mon musculoskeletal findings of the disease [5]. Although
the frequency of the arthritis has been increasing, it has not
been yet included in any International Study Group (ISG)
Criteria of BD [6]. Furthermore, it was also claimed that
the disease could be classified into the spondyloarthropathy

(SpA) complex, because of the presence of sacroiliitis in BD
and the clinical overlap between BD and some disease of
the SpA complex [7]. On the other hand, the chronicity
and factors involved in inflammatory process of the disease
and the drugs used for the treatment of BD might have
negative effects on bone remodeling, consequently resulting
in osteoporosis in BD [8].

In this paper, musculoskeletal findings of BD, the re-
lationship between BD and SpA disease complex, and oste-
oporosis were discussed.

2. Arthritis

Arthritis and arthralgia are the most common rheumatologic
findings in BD and their prevalence varies between 40 and
70% [1, 5, 9]. Subjects with arthritis in BD predominantly
present with recurrent, self-limited, nondeforming and
nonerosive, inflammatory asymmetric mono-oligoarthritis,
affecting most frequently the larger joints suck, as knees,
wrists, ankles and elbows [1, 5, 6, 9, 10]. Erosive forms of
arthritis in BD have been reported in only small number
of cases, and the most effected locations are axial joint
(sacroiliac), enthesis (calcaneal), and peripheral joints such
as metatarsophalangeal and interphalangeal joints of the feet
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Table 1: Rheumatologic findings reported in medical literature.

Findings Localization Percentage (%)

Joint Involvement Arthritis/Arthralgia 40–70 [9, 14]

Knee, wrist, ankle, elbow, hand, feet 10–56 [9, 13]

Sacroiliac 0–63 [15, 16]

Manubrio-sternal, sterno-clavicular Unknown [17]

Enthesopathy Calcaneal and vertebral bone spurs 3–36 [7, 18]

Bone Mineral Density Vertebral osteoporosis Unknown [19]

Muscle Involvement Myalgia or myositis Unknown [10, 20]

Fibromyalgia 9.3 [21]

Bone Infarct Osteonecrosis Unknown [22]

and intercarpal and metacarpophalangeal joints of the hand,
wrist and knee [11, 12]. Clinical hand involvement in BD was
investigated extensively in a study where the prevalence of
hand involvement in the disease was found to be high [13].
They also found that the terminal phalangeal tuft resorption
that might be related to a specific pattern, induced by the
vasculitic process due to the repeated digital infarcts, and the
rheumatoid-like hand findings were the most frequent hands
in patients with BD.

The mechanism of arthritis is not fully understood,
but inflammation and hyperemia (synovitis) are tried to
be explained by vasculitis that constitutes the primary pa-
thology in BD [23]. Synovial inflammation has been dem-
onstrated in various reports where hypertrophy and hyper-
plasia of synovial lining cells, hypervascularity, subsyn-
ovial accumulation of inflammatory cells, and replacement
of superficial zones of the synovial membrane by dense
inflamed granulation tissue were described, without involve-
ment of the deeper layers [5, 9, 24]. However, Moll et al.
suggested that synovitis was characterized by large areas of
hyperemic synovitis without villi or a distinctive vascular
pattern in early untreated BD [25]. Cañete et al. stated
that the polymorphonuclear neutrophil and lymphocytes, as
important infiltrating cell populations, were found to be the
indicators of cytotoxic molecules in early untreated synovitis
in BD [26]. The authors also claimed that no evidence
for neutrophilic vasculitis and no any other form of vessel
pathology in the synovial pathology were detected.

Although there is no clear consensus on its etiology in
terms of autoimmunity, some authors have declared that
BD could be considered as an autoinflammatory disease
due to the fact that both diseases may have the similar
clinical characteristics [27]. However, investigations showed
no evidence of increase in antibody concentration and T-cell-
specific antigens in BD [28, 29].

BD is mostly diagnosed according to ISG Criteria for
BD [30]. Although arthritis is seen in more than half of
the subjects, it has not been considered among the ISG
Criteria for BD. A possible explanation for this exception
is that complaints about joints in society are very com-
mon, and, therefore, investigators ignore to consider these
complaints or findings among the symptoms of the disease
[6]. Since the laboratory findings in BD are nonspecific,
its diagnosis is based exclusively on clinical evaluation of

subjects. A detailed clinical history and classic manifestation
of nonerosive arthritis on physical examination is diagnostic
for BD. However, the presence of destructive lesions may
confuse the diagnosis of BD and lead to investigate for
another cause of destructive lesions, such as rheumatoid
arthritis, psoriatic arthritis, and ankylosing spondylitis (AS)
[23]. In vast majority of the patients with BD, colchicine
(1-2 mg/day) is the drug of choice for the management of
nonerosive arthritis [5]. However, destructive arthritis covers
a broad spectrum of therapeutic alternatives, including
colchicine and nonsteroidal anti-inflammatory drugs at first-
line treatment, local corticosteroid injections, and low-dose
systemic corticosteroids [10, 23]. Azathioprine and tumor
necrosis factor-alpha (TNF-α) blockers may have some
beneficial effects in rare cases with resistant, longer-lasting,
and disabling conditions [31].

3. Spondyloarthropathy and Behcet’s Disease

One of the remarkable questions in the past was the inclusion
of BD in SpA disease complex. Since some investigators
have reported the high prevalence of sacroiliitis associated
to BD, the coexistence of BD and AS, and the presence of
clinical overlap between BD and some subgroup of SpA
disease complex such as inflammatory bowel disease and
Reiter’s syndrome, they claimed that BD could be included
in seronegative SpA group [7, 32, 33]. The issue of sacroiliitis
associated with BD had been exclusively investigated, and the
prevalence of sacroiliitis in BD was highly variable. Yazici
et al. have stated that high prevalence of sacroiliitis, found
in studies, may be due to the fact that most of the studies
had no control groups. Moreover, they claimed that intra-
and interobserver variability in interpreting the AP pelvis
radiographs is high [34]. Some authors have found that the
prevalence of sacroiliitis has not been different from that in
general population [15, 34].

The diseases in SpA group have some similar common
features. One of the most striking associations among the
clinical characteristics in SpA complex is with the enthesitis,
HLA-B27 antigen, eye involvement [7, 35]. Although there
have been conflicting results for the prevalence of HLA-B27
in patients with BD, BD seems to be associated with
HLA-B51 rather than HLA-B27 [7, 36]. There are also some
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reports regarding the presence of acne-associated arthritis
in a subgroup of patients with BD that may be considered
within the broader concept of SpA disease complex [37].
Furthermore, Hatemi et al. have stated that the increased
presence of enthesopathy in BD who also have acne and ar-
thritis compared with that BD without arthritis supported
the hypothesis that the BD having also acne and arthritis
form a distinct cluster [35]. Findings of investigations
regarding the prevalence of enthesopathy in BD are incon-
sistent. The prevalence of enthesopathy has been found to
be higher (38%) in some clinical trials [9, 18], but lower
rates (3.4%) has also been reported [7]. This wide variation
in the reported frequency in BD was explained by the fact
that radiography and physical examination were not sensitive
methods for detecting enthesopathy and the differences in
selected study groups [35]. On the other hand, the pattern
of eye involvement is known to be different between SpA and
BD. The uveitis of SpA mostly is in benign character, whereas
uveitis in BD occasionally results in loss of vision [38].

Conclusively, the lack of clear association of HLA-B27
and BD, the disparity of the eye involvement in SpA and
BD, and conflict reports on sacroiliitis and enthesitis in BD
have complicated the enrollment of the BD into SpA disease
complex.

4. Bone Metabolism

The chronicity and vasculitic background of the disease
and the drugs for the treatment of BD suggest that bone
metabolism might be affected negatively, which then leads
to bone loss, resulting in osteoporosis in patients with BD
[8]. Osteoporosis is a common disease characterized by a
systemic impairment of bone mass and microarchitecture
that causes fragility fractures [39]. The pathogenesis of
osteoporosis is mainly considered as an imbalance of the
remodeling process, and inflammatory molecules, such as
proinflammatory cytokines, interleukins, and TNF-α play an
imported role to regulate bone metabolism [39, 40]. On the
other hand, the primer pathology in BD is inflammatory
process of small arteries and veins and thrombosis as a
result of vasculitis of vasa vasorum [41]. Elevated levels
of immunoglobulins, immune complexes, and complement
and acute-phase proteins reveal that the immune system
is also involved and activated in the disease process [42].
Investigations demonstrated that interleukins and TNF-α
level have been found to be high in patients with BD [43, 44].
Additionally, Hamzaoui et al. reported that vitamin D
insufficiency may modulate inflammatory mediators skew-
ing the Th1/Th2 balance towards Th1 [45]. However, it
is not known whether the chronic nature of the disease
and these activated inflammatory molecules affect the bone
remodeling or turnover in patients with BD [5, 9, 14].

There are limited numbers of clinical trial that reveal the
status of bone metabolism and bone mineral density (BMD)
in the medical literature, and findings in these investigations
are in consistent [8, 19, 46]. First, the status of BMD was
investigated in a study, where BMD measurements of lumbar
spine and hip in BD showed similar results when compared

to those in healthy subjects [8]. Additionally, Tekin et al.
stated that there was no significant relationship between
arthritis and BMD, and bone turnover markers in patients
with BD. The authors also declared that they found no
statistically significant differences in BMD and bone turnover
markers between BD and control groups [46]. Recently,
conflicting with previous reports, Kirnap et al. have stated
that they found significant differences in BMD values of
lumbar spine and serum bone specific alkaline phosphatase
between BD and healthy controls, indicating that BD can
be a risk factor for osteoporosis in lumbar vertebra [19].
Despite these efforts, to what extent the BMD and bone
remodeling in patients with BD are involved is still unknown.
Further studies with larger study groups, especially relevant
to bone turnover affecting the immunopathogenesis of
bone metabolism and BMD in patients with BD should be
considered.

In summary, the clinical characteristics of BD are the
recurrent episodes of remission and the exacerbations of
various symptoms including musculoskeletal complaints.
Arthritis and arthralgia are the commonest rheumatologic
findings in BD. However, rare musculoskeletal findings
including osteonecrosis, myalgia, and fibromyalgia may also
be associated with BD [20–22]. Findings relevant to bone
metabolism is lacking. Studies regarding the prevalence and
characteristics of musculoskeletal findings in patients with
BD are still to be investigated.
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“Osteonecrosis of Behçet’s disease: diagnosis, therapy, and
course,” Zeitschrift fur Rheumatologie, vol. 62, no. 4, pp. 390–
394, 2003.

[23] F. Frikha, S. Marzouk, N. Kaddour, M. Frigui, and Z. Bahloul,
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[29] A. Gül, “Behçet’s disease as an autoinflammatory disorder,”
Current Drug Targets, vol. 4, no. 1, pp. 81–83, 2005.

[30] B. Wechsler, F. Davatchi, Y. Mizushima et al., “Criteria for
diagnosis of Behcet’s disease,” Lancet, vol. 335, no. 8697, pp.
1078–1080, 1990.

[31] G. Hatemi, A. Silman, D. Bang et al., “EULAR recommen-
dations for the management of Behçet disease,” Annals of the
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enthesopathy among Behçet’s syndrome patients with acne
and arthritis: an ultrasonography study,” Arthritis and
Rheumatism, vol. 58, no. 5, pp. 1539–1545, 2008.

[36] N. Sakly, R. Boumiza, S. Zrour-Hassen et al., “HLA-B27
and HLA-B51 determination in Tunisian healthy subjects and
patients with suspected ankylosing spondylitis and Behçet’s
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