
Abstract Behcet’s disease (BD) is a systemic disorder of
recurrent acute inflammation, characterized by major symp-
toms of oral aphthous ulcers, uveitis, skin lesions and geni-
tal ulcers. Involvement of intestines, vessels, and central ner-
vous system (CNS) sometimes leads to a poor prognosis.
Patients with BD are known to distribute along the ancient
Silk Road. The incidence is relatively higher from eastern
Asia to the Mediterranean area as roughly 1–10 patients in
10,000 people, whereas only 1–2 patients in 1,000,000 peo-
ple in UK and North America. Although etiology of the dis-
ease is still unknown, high prevalence of HLA-B51,
increased expression of heat shock protein 60 and Th1 dom-
inant immune responses in the patients are considered
important in its pathogenesis. Non-infectious neutrophil acti-
vation and infection with Streptococcus sanguis and herpes
simplex virus would also be associated. Because BD lacks
any pathognomonic symptoms and laboratory findings, the
diagnosis relies largely upon the criteria proposed by the
International Study Group for Behcet’s disease in 1990. In
Japan, the diagnosis was also made according to the
Japanese criteria revised in 1987. Recently, the Behcet’s
Disease Research Committee of Japan again revised the

Japanese criteria in 2003 to avoid overdiagnosis. The new
Japanese criteria are introduced in this review. Differential
diagnosis excluding Sweet’s disease, pemphigus, erythema
nodosum and Crohn’s disease is important, and positive lab-
oratory data for pathergy test, prick test for dead
Streptococci and HLA-B51 are emphasized to make appro-
priate diagnosis in these criteria. Pathological findings of the
disease-affected site such as erythematous nodosum is also
stressed. Treatment for the disease has been chosen accord-
ing to the clinical symptoms. Non-steroidal anti-inflammato-
ry drugs, immunosuppressants, corticosteroids and
colchicine are basically introduced. Recently, effects of
interferon-α/β, anti-tumor necrosis factor antibody and
thalidomide are encouraging, specifically in treatment for the
cases with poor prognosis including eye, intestine, vessel
and CNS involvement. Low dose weekly administration of
methotraxate looks effective for the cases with CNS involve-
ment. Further studies for elucidation of the etiology,
improvement of the diagnostic criteria and development of
new therapy are needed to conquer the disease. 
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Introduction

Behcet’s disease (BD) is a systemic disorder characterized
by recurrent attacks of acute inflammation [1, 2]. The symp-
toms include oral aphthous ulcers, uveitis, skin lesions, and
genital ulceration. Involvement of the intestines, vessels, and
central nervous system (CNS) is less frequent. However, it
sometimes leads to a poor prognosis. Although the etiology
of the disease is still unknown, various environmental and
genetic factors are implicated in its pathogenesis. Recent
advances in the pathogenesis, diagnosis, and therapy are dis-
cussed in this review.
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Epidemiology

It is well known that patients with BD are distributed along the
ancient Silk Road from eastern Asia to the Mediterranean area
[1]. Interestingly, those who have HLA-B5 distribute among
the same areas. This suggests a contribution of genetic back-
ground to the pathogenesis of BD. In contrast, there are few
BD patients in other European countries and in North America.
The incidence is roughly 1 in 1,000 in Turkey, which has the
highest incidence, and 1 in 10,000 in Japan, Korea, Iran, and
Saudi Arabia, and 1 in 500,000 in UK and 1 in 1,000,000 in
North America [1, 3]. It is noteworthy that the incidence in
Turkish descents in Berlin (1 in 5,000) is lower than in Turkey
but is much higher than in German natives (1 in 200,000) [3].
The incidence in American people of Japanese descent is also
lower than that in Japan [3]. Therefore, not only genetic factors
but also environmental factors are considered important in the
occurrence of BD. 

The number of BD patients markedly increased after World
War II in Japan. Young patients, especially young male patients
with visual loss, particulary increased. BD frequently occurs in
the thirties and is more prevalent in men than in women. There
have been some changes in the epidemiology recently. The
number of female patients is increasing and the male, female
ratio has become nearly 1:1. The number of patients with
severe eye involvement has to decreased recently in Japan. The
number patients visiting ophthalmology departments has
decreased recently [4]. The number of female patients with
mild disease is increasing. To investigate the changes, the BD
Research Committee of Japan planned a nation wide epidemi-
ological study last year. A similar tendency for milder forms of
the disease and a decrease in the number of patients with ocu-
lar lesions was reported in Iran [4]. 

Pathogenesis

Up to the 1980s, BD was considered an aseptic inflammatory
disease. In spite of the severe infiltration of neutrophils in
biopsy specimens of the disease-affected sites such as oral
aphthous ulcers, erythema nodosum, and pathergy reaction,
bacteria were rarely found on histological examination.
Therefore, non-infectious neutrophil activation was suspected
as an etiology of this disease. In accordance with this hypoth-
esis, colchicine, an inhibitor of neutrophil activation, was
found to be effective for treating patients with BD (controver-
sy exists as to this point). 

Recent advances have forced us to reconsider viral and
bacterial infections as etiological factors. A high incidence of
tonsillitis and dental caries in BD and sensitization of BD lym-
phocytes by streptococcal antigens suggest involvement of
streptococci in the pathogenesis [5, 6]. A high serum antibody
titer against Streptococcus sanguis in BD patients was report-
ed [7]. Inoculation of S. sanguis into IQI mice induced irido-

cyclitis [8]. Autoimmune responses to self heat shock protein
(HSP) in patients suggest that bacterial HSP may be involved
in triggering the disease in individuals with genetic predispo-
sition because of their high amino acid sequence homology [9,
10]. Herpes simplex virus (HSV) is possibly associated with
the pathogenesis. An increase in IgG anti-HSV-1 antibodies in
sera was reported during the active phase of BD [11]. When
HSV DNA in saliva was detected by polymerase chain reac-
tion the frequency of positive individuals was significantly
higher in the BD group than healthy controls [12]. Inoculation
of HSV into ICR mice induced BD-like symptoms, including
mucocutaneous ulcers, eye syndromes, and arthritis [13].
Although BD is not a classical infectious disease, it is possi-
ble that microbial infection is involved in the pathogenesis.

HLA-B51

A high prevalence of HLA-B51 in BD patients, especially
those living in areas along the Silk Road, has been reported.
However, it is not clear whether HLA-B51 itself is a suscep-
tiblity gene or not. The strong association might be due to
linkage disequilibrium with another gene residing within the
locus [14, 15]. Several studies have analyzed linkage
between HLA-B51 or other nearby genes and the disease and
have found the strongest linkage with HLA-B51 itself; asso-
ciation of other genes, including MICA, was secondary to
the strong linkage disequilibrium with HLA-B51 [16–18]. 

The genotype of HLA-B51 has been analyzed in BD
patients in various countries [19–25]; 21 alleles were identi-
fied for HLA-B51 molecules, designated as HLA-B*5101 to
B*5121. Studies in ten countries along the Silk Road dis-
closed that 26%–77% of patients were HLA-B51 positive.
Genotype analyses showed that most patients possessed
HLA-B*5101 (62%–98% in each country) and to a lesser
extent HLA-B*5108 (10%–30%). Collectively, BD patients
globally possess the HLA-B51 molecule, suggesting that this
is generally important for the pathogenesis.

Neutrophil hyperfunction was a characteristic of BD.
fMLP-induced superoxide production by neutrophils was
significantly enhanced in HLA-B51-positive individuals,
regardless of the presence or the absence of BD, compared
with HLA-B51-negative individuals [26]. A similar result
was obtained in the study comparing HLA-B51 and HLA-
B35 transgenic and non-transgenic mice, suggesting that the
excessive function of neutrophils in BD is associated with
the presence of HLA-B51.

Heat shock protein

Human mitochondrial HSP is highly homologous with
microbial HSP and provokes proliferation of autologous T
cells in patients with BD. The human 60-kilodaltol HSP-
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derived peptides were capable of inducing uveitis in rats
[27]. We have reported that the human HSP60 peptide,
336–351, yielded T cell proliferation in Japanese BD
patients, but not in patients with rheumatoid arthritis or in
normal subjects [28]. The proliferation by this peptide was
significantly associated with the presence of ocular lesions
of BD. Stimulation by the HSP peptide induced antigen-spe-
cific T cell responses, and mRNA of interleukin (IL)-8,
tumor necrosis factor (TNF)-α, and TNF-β was expressed in
peripheral blood mononuclear cells (PBMC) of patients. The
peptide or HSP itself may be responsible for provoking
inflammatory reactions in the disease. BD patients in Turkey
were similarly tested for T cell responses to mycobacterial
HSP peptides or to similar human HSP peptides [29]. Cell
populations responding to the peptides and stimulation
indexes were significantly higher in the BD compared with
other inflammatory diseases and the healthy group. We and
others found increased expression of HSP 60/65 in BD
mucocutaneous lesions [30]. This suggests a contribution of
HSP to the immunopathogenesis of BD. 

Th1/Th2 responses

The cytokine profile of BD is skewed towards the Th1-type
immune responses, especially in active patients [31–33].
Serum IL-12 levels correlate with disease activity and high-
er levels of soluble TNFR-75 were present in active BD [31].
Th1 cells that express interferon (IFN)-γ and CD40L upon in
vitro stimulation increased in number in active BD [32].
Increased production of IL-2 and IFN-γ in BD patients was
reported, where the IFN-γ-producing cells (Th1 cells) and
serum IL-12 levels paralleled progression of BD [33].

Overproduction of Th2 cytokines in BD patients was also
reported [31, 32, 34]. One report suggests an increase of both
Th1cytokines (IFN-γ and IL-12) and Th2 cytokines (IL-4,
IL-6, and IL-10) in BD patients [32]. It is suggested that
IFN-γ, IL-17, and IL-18 were extremely high in active BD
and IL-6 and IL-10 were also high in active BD. Another
report suggests that BD patients produced higher levels of
IL-4, IL-10, and IL-13 (Th2), but a, normal level of IL-2
(Th1) and highly deficient IFN-γ and IL-12 (Th1). 

We have investigated the cytokine production of BD
patients. PBMC produced extremely large amounts of IFN-γ
in patients with BD (manuscript in preparation). Th1
cytokines (IFN-γ, TNFα, and IL-12) were detected on skin
biopsy during the active phase. Th2 cytokines (IL-4, IL-10,
and transforming growth factor-β) were detected when the
lesions were subsiding. The Th1 to Th2 shift was quite
prompt. Furthermore, we found that protein expression of
Txk, a Th1-specific transcription factor essential for IFN-γ
production, was up-regulated in BD, and the down-regulation
of Txk occurred within a couple of hours of Th2 cytokine
exposure. Thus, Th2 cytokine expression may be involved in

attenuation of the symptoms of BD. In accordance with our
findings, it was reported that depletion of macrophages sup-
pressed BD-like symptoms and the suppression was correlat-
ed with IL-4 expression in splenocytes in the BD model of
ICR mice [35]. Taken together, it is possible that the Th1 shift
first occurred in BD via Txk overexpression in CD4+ T cells
and Th2 cytokine production was modified to attenuate the
inflammatory conditions. This prompt shift (or switch) from
Th1 to Th2 cytokine production may make the interpretation
of cytokine contribution to the pathogenesis of BD difficult.

Diagnosis

BD lacks any pathognomonic symptoms or laboratory find-
ings. Therefore, the diagnosis relies upon the criteria proposed
by the International Study Group for Behcet’s disease in 1990
[36]. In Japan, the diagnosis has also been made according to
the criteria revised in 1987 by the Behcet’s Disease Research
Committee of Japan. Major characteristics of the 1987
Japanese criteria were mucocutaneous and ocular symptoms
and the criteria were simplified for the diagnosis. It was
found, however, that the number of newly diagnosed patients
has rapidly increased [37]. For example, there were 11,890
patients in 1989; this increased to 16,640 in 1998. After care-
ful differential diagnosis by experts, it became clear that a
considerable proportion of patients had been overdiagnosed
as having BD [37]. Representative cases of the overdiagnosis
include Sweet’s disease, pemphigus, erythema nodosum, and
Crohn disease. A similar tendency for overdiagnosis may be
present when we use the international criteria.

To improve accuracy of diagnosis, the Behcet’s Disease
Research Committee of Japan has again revised the criteria.
We have translated the revised criteria for diagnosis in 2003
(Table 1), activity (Table 2) and severity (Table 3) into
English. The major characteristics of the revised criteria
2003 are as follows. 
1. The main symptoms include recurrent aphthous ulcers on

the oral mucosa, skin lesions, ocular lesions and genital
ulcers.

2. Additional symptoms are defined as: arthritis, epididymitis,
gastrointestinal lesions, vascular lesions, and CNS lesions. 

3. The disease types are defined as: complete type, incomplete
types, BD suspected, and special lesions. A patient having
some of the main symptoms, but not fulfilling the criteria
for the incomplete type, is categorized as “BD suspected”. 

4. The revised criteria employ clinical and laboratory data for
the diagnosis. They include pathergy test and prick test for
dead Streptococcus. HLA-B51 and pathological findings of
erythema nodosum are also important. 

5. The revised criteria list major diseases for the differential
diagnosis. 
Detailed information on BD itself and diseases in the dif-

ferential diagnosis were introduced to avoid overdiagnosis.
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Table 1 Revised diagnostic criteria proposed by the Behcet’s Disease (BD) Research Committee of Japan in 2003. (ESR, erythrocyte sedi-
mentation rate, CRP C-reactive protein) 

Main points
Main symptoms

Recurrent aphthous ulcers on oral mucosa
Skin lesions

a. Skin lesion with erythema nodosum 
b. Subcutaneous thrombophlebitis
c. Follicular papules, acneform papules
c. cf.) Skin hypersensitivity

Ocular lesions 
a. Iridocyclitis
b. Posterior-uveitis (retinochoroiditis)
c. If the patients have the following eye symptoms after (a) and (b), diagnose as BD lesions in accordance with (a) and (b)
c. Posterior adhesion of iris, pigmentation on lens, retinochoroid atrophy, atrophy of optic nerve, complicated cataract, secondary
c. glaucoma, leakage of bulbus oculi

Genital ulcers
Additional symptoms

Arthritis without deformity or sclerosis
Epididymitis
Gastrointestinal lesion represented by ileocecal ulceration
Vascular lesions
Central nervous system lesions moderate or severe 

Criteria for diagnosis of disease types
Complete type

The four main symptoms appeared during the clinical course
Incomplete types

Three of the main four symptoms, or two main symptoms and two additional symptoms, appeared during the clinical course
Typical ocular lesion and another main symptom, or two additional symptoms appeared during the clinical course

BD suspected 
Although some main symptoms appear, the case does not meet the criteria for the incomplete type
Typical additional symptom is recurrent or becomes more severe

Special lesions 
Gastrointestinal lesions – presence of abdominal pain and occult blood should be confirmed
Vascular lesions – vasculitis of aorta, artery, large veins, or small veins should be differentially diagnosed
Neuronal lesions – presence of headache, paresis, lesions of brain and spinal cord, mental symptoms, and other symptoms
should be confirmed

Clinical laboratory data

Clinical laboratory data contributing to the diagnosis (not essential)
Negative or positive pathergy test (use needles of diameter is 18–22 G)
Negative or positive prick test for vaccine for streptococci 

Hypersensitivity to streptococci
Because most BD patients show hypersensitivity to streptococci present in oral mucosa, such as Streptococcus sanguis, a severe 
response of erythema is seen after prick test for antigen from dead streptococci (diameter of the needles for the prick test should 
be 26G). 

Inflammatory responses
Increase of ESR, CRP positive, neutrophilia in peripheral blood, increase of complement activity

Positive for HLA-B51 (B5)
Pathological findings

Skin lesion similar with erythema nodosum in acute phase is septal adipose inflammation infiltrated by neutrophils and 
mononuclear cells. Infiltration by mononuclear cells is the main finding and histology shows lymphocytic vasculitis. Presence or 
absence of necrotic vasculitis should be confirmed, since its presence suggests systemic vasculitis and is complicated in a 
considerable number of patients

Additional points
Non-typical symptoms should not be diagnosed as BD both in the case of main symptoms and additional symptoms
As for the main symptoms of skin lesions, one of the criteria (a) to (c) is enough for the diagnosis if the lesion occurs frequently. In 
the case of ocular symptoms either of (a) or (b) is enough for the diagnosis

Cont. �
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Cont. Table 1

Ocular symptoms
Posterior adhesion of iris, pigmentation on lens, retinochoroid atrophy, atrophy of optic nerve, complicated cataract, secondary 
glaucoma, and leakage of bulbus oculi, all of which occur after iridocyclitis and posterior uveitis, can be diagnosed as the main 
symptom of ocular lesion. If the origin of these lesions is unconfirmed; however, they should be defined as additional findings for 
the diagnosis

Additional symptoms
One should pay attention to the presence of many diseases that should be differentially diagnosed from BD (refer to the criterion 
for differential diagnosis). If the differential diagnosis is not sufficient, the symptoms should be defined as additional findings for 
the diagnosis

A case lacking any inflammatory findings is questionable as BD. Serum complement activity is increased in most cases of BD, 
however, one should suspect collagen diseases if the case is complicated by prominent hypergamma globulinemia or positive anti-
nuclear antibody
Major diseases that should be differentially diagnosed

Diseases involving mucosa, skin, and eyes
Erythema multiforme exsudativum, acute drug poisoning, Reiter disease

Diseases that show one of the main symptoms of BD 
Oral/mucosal legions: chronic recurrent aphthous ulceration, Lipschutz’s genital ulcers
Skin legions: folliculitis abscedens, acne vulgaris, erythema nodosum, movable venous thrombosis, single venous thrombosis, 
Sweet disease
Ocular symptoms: metastatic intraocular inflammation, septic retinitis, leptospirosis, sarcoidosis, ankylosing spondylitis, 
central retinitis, juvenile recurrent vitreoretinal hemorrhage, retinal venous thrombosis

Similar diseases with main and/or additional symptoms of BD
Oral/mucosal legions: herpes labialis, stomatitis (herpes simplex type I)
Genital ulcers: infection of herpes virus type II
Skin lesions like erythema nodosum: erythema nodosum, Bazin’s erythema induratum, sarcoidosis, Sweet disease
Arthritic symptoms: collagen diseases such as rheumatoid arthritis, systemic erythematosus and systemic sclerosis, gout, 
psoriatic arthritis
Gastrointestinal symptoms: acute appendicitis, Crohn disease, ulcerative colitis, acute/chronic pancreatitis
Epididymitis: tuberculosis
Vascular symptoms: Takayasu disease, Buerger disease, arteriosclerotic aneurysm, deep venous thrombosis
Central nervous symptoms: infectious/allergic meningitis, cerebritis and inflammation of spinal cord, systemic lupus 
erythematosus, brain/spinal cord tumors, vascular disorders, syphilis, multiple sclerosis, mental diseases, sarcoidosis

Table 2 Classification of phases of activity in BD proposed by the BD Research Committee of Japan in 2003

Active phase
One of the following symptoms is found: uveitis, subcutaneous venous thrombosis, skin lesion such as erythema nodosum, genital 
ulcers (those relating to the female sexual cycle should be excluded), arthralgia, intestinal ulceration, progressive central nervous 
system lesions, progressive vasculitis, and epididymitis 
Inflammatory findings are also evident from clinical examination (including ophthalmological findings) and/or clinical laboratory 
findings (serum CRP, findings in cerebral fluid, findings by colonic fiberscopy, and others)
As for oral aphthous ulcers, skin/genital ulcers, and ocular symptoms, cases with a score of 2 or above are defined as BD in the active 
phase

Non-active phase
Cases excluded by the above definition for active phase

*1 Dosage up, change or addition of therapeutic reagents is generally required in the active phase
*2 As for cases with only oral aphthous ulcers or follicular papules, careful diagnosis is recommended taking into account other 
symptoms or past symptoms, since these symptoms are not good criteria for disease activity
*3 In cases of lesions in which attack is obvious, for example uveitis, active phase corresponds to the attack phase and the lesions 
continue for no longer than 2 weeks in general. However, if obvious inflammatory findings continue for more than 2 weeks, cases 
can be diagnosed as in the active phase at present
*4 One should consider that it is possible that cases in the inactive phase suddenly move into the active phase
*5 Stable phase (remission) is defined as the inactive phase with the activity index of 0 for more than 1 year

Activity index
Oral aphthous ulcers

Score 0: no ulcers

Cont. �
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Cont. Table 2

Score 1: the symptom persisted for less than 2 weeks during the post 4 weeks
Score 2: the symptom persisted for 2 weeks or more than 2 weeks during the past 4 weeks
Score 3: the symptom was mostly present during the post 4 weeks

Skin lesions (skin lesions such as erythematic nodosum) 
Score 0: no lesions
Score 1: the symptom persisted for less than 2 weeks the past 4 weeks
Score 2: the symptom persisted for 2 weeks or more than 2 weeks during the past 4  weeks
Score 3: the symptom was mostly present during the past 4 weeks

Ocular lesions (uveitis)
Score 0: no uveitis
Score 1: ocular attack (including inflammation of the opposite eye that serially occurred within a few days) occurred only once 
during the past 4 weeks
Score 2: the attack occurred twice during the past 4 weeks
Score 3: the attack occurred three times during the past 4 weeks

Other symptoms
Arthritis: arthralgia, swelling, walking difficulty, deformity, and others
Gastrointestinal symptoms: acute/chronic abdominal pain, melena, or occult blood
Epididymitis: pain, swelling
Vascular lesions: cardiac/aortic disorders, obstruction of middle vessels, obstruction of small vessels, thrombophlebitis, and others
Central nervous system lesions: headache, dizziness, paralysis, mental symptoms, and others
Other symptoms and complications

Table 3 Criteria for the severity of BD proposed by the BD Research Committee of Japan in 2003

Stage Criteria

I Main symptoms (oral aphthous ulcers, skin legions and genital ulcers) except ocular lesions are found

II Iridocyclitis is found as an ocular symptom in addition to the stage I symptoms 
Arthritis and/or epididymitis is/are found in addition to the stage I symptoms

III Cases with retinochoroiditis

IV Cases with possible visual loss or retinochoroiditis with involvement of the other eye leading to visual loss
Special disease types (intestinal-Behcet, vasculo-Behcet, or neuro-Behcet) with activity or severe sequelae

V Special disease types of BD with risk for prognosis
Cases of progressive neuro-Behcet of which intelligence is affected moderately or more severely

VI Death (one should clarify the cause of the death, i.e., (a) the cause is based on the symptoms of BD, (b) based on 
complications, and others)

• As for stages I and II, cases are diagnosed as in stable phase (remission) if active phase lesions have not found for more than 1 year. If
a disease state does not fulfill the criteria, however, cases are not diagnosed as in the stable phase
• Visual loss defined by summation of visual acuity on both sides is less than 0.12, or range of vision of both sides is less than 10°
• Uveitis, subcutaneous thrombophlebitis, erythema nodosum, genital ulcers (those related to the female sexual cycle should be excluded),
arthralgia, intestinal ulcers, progressive central nervous system lesions, progressive vasculitis, or epididymitis is found and inflammatory
findings are evident from clinical examination (including ophthalmological findings) and/or clinical laboratory tests (serum CRP, serum
complement activity, findings in cerebral fluid, findings by colonic fiberscopy, and others)

This is very useful for the accurate diagnosis of BD. Those
who are not familiar with this disease may find the differen-
tial diagnosis complicated. The HLA-B51 test was included
because HLA-B51 is a critical factor. Hence, HLA typing is
globally useful in all patients diagnosed or suspected of hav-
ing BD. 

Taken together, detailed examination and pathological
findings described in the revised Japanese criteria 2003 are
considered important for the diagnosis. The most critical
point for the diagnosis is excluding other similar diseases.

The revised Japanese criteria could be helpful for the differ-
ential diagnosis in other countries.

Therapy
The choice of treatment depends on the clinical manifesta-
tions [1, 38]. A combination of local and systemic therapy
is generally given. Non-steroidal anti-inflammatory drugs,
immunosuppressants, corticosteroids, and colchicine are
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used. Treatments for ocular lesions require more-careful
consideration than for mucocutaneous lesions [1]. In partic-
ular, CNS involvement and large-vessel vasculitis tend to
have unsatisfactory outcomes. Colchicine is widely used in
Japan and is effective in approximately half of the patients
[38]. Cyclosporine A is effective in a half of the rest; how-
ever, it sometimes worsens neurological lesions. Therefore
magnetic resonance imaging (MRI) of the CNS is recom-
mended before administration. Although high-dose corti-
costeroids have been used for intestinal and CNS lesions,
some patients were refractory to all treatments currently
available. Novel therapeutic approaches may shed new light
on treatments for refractory symptoms in BD.

Interferon-α

IFN-α shows anti-viral activity and restores the low natural
killer cell activity in BD. Clinical studies have been conducted
for more than 20 years suggesting the efficacy of IFN-α
[39–47]. Although the targeted lesions were different in the
studies, approximately 60%–100% of BD lesion entered remis-
sion by using IFN-α (Table 4). IFN-α is useful not only for
mucocutaneous and ocular lesions but also for arthritis, vas-
culitis, and CNS lesions. Approximately half of the patients
have continued their remission after termination of IFN-α.
IFN-α reduced maintenance dosages of corticosteroid needed
for most patients even after its termination. The remaining

Table 4 Results of novel therapies for BD (IFN interferon, CNS central nervous system, I total improvement, TFN tumor necrosis factor,
E excluded, N no total improvement)

Study No. of Initial Improvement
patients dosage

Oral Genital Skin Ocular Arthritis Vasculitis CNS 
ulcers ulcers lesions lesion lesions

IFNα

Hamuryudan et al. [39] 20 5 x 106 */20 */17 */14 – **/9 – –
(1993) (IFN-α2b) 
3 times/week

Azizlerli et al. [40] 18 3 x 106 15/18 8/10 10/16 1/1 – – –
(1996) (IFN-α2b) (83%) (80%) (63%) (100%)
3 times/week

O’Duffy et al. [41] 10 3 x 106 5/9 4/4 2/3 – 3/6 – –
(1998) (IFN-α2a) Daily (56%) (100%) (67%) (50%)

Georgiou et al. [42] 12 6 x 106 9/12 8/11 6/9 3/3 – 1/1 –
(1998) (IFN-α2a) (75%) (73%) (67%) (100%) (100%)
3 times/week

Boyvat et al. [43] 20 9 x 106 15/18 11/13 9/12 – – – –
(2000) (IFN-α2a) (83%) (85%) (75%)
3 times/week

Wechsler et al. [44] 8 3 x 106 – – – 8/8 – – –
(2000) (IFN-α2a) (100%)
3 times/week

Demiroglua et al. [45] 67 3 x 106 I/67 I/36 I/40 I/8 I/12 I/4 –
(2000) (IFN-α2b) 
once/2 days

Hamuryudanb et al. [46] 10 5 x 106 7/10 7/9 7/8–10 9/9 – – –
(2002) (IFN-α2b) (70%) (78%) (100%)
3 times/week

Cairguneri et al. [47] 29 5 x 106 – – – 13/17 11/11 9/10 4/4 
(2003) (–) (76%) (100%) (90%) (100%)
3 times/week

anti-IFN

Travis et al. [51] infliximab 3–5 mg/kg ***/2 2/2 2/2 – 2/2 1/1
(2001) 2

Sfikakis et al. [52] infliximab 5 mg/kg 2/2 – 5/5 – 1/1 –
(2001) 5

Aeberli et al. [53] infliximab 3–5 mg/kg – – – 1/1 – –
(2002) 2

Cont. �
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patients, however, experienced recurrence. Zouboulis and
Orfanas [48] reviewed 22 original reports of 144 BD patients
treated with IFN-α. Mucocutaneous manifestations, uveitis,
and arthropathy/arthritis had a partial or complete response,
IFN-α-2a was more effective than IFN-α-2b, and majority of
patients experienced recurrences. They recommended a 3-
month high-dose regimen followed by a low maintenance dose.

Common side effects include flu-like symptoms, leuko-
cytopenia, liver damage, and alopecia [39–42, 44–47].
Prospective multicenter double-blinded study of IFN-α ther-

apy is awaited to confirm the effect, especially on vascular
and CNS lesions.

Tumor necrosis factor-α

Serum concentrations of TNF and soluble TNF receptors
were increased in BD patients. TNF is thought to play a key
role in rheumatoid arthritis and Crohn disease, and a thera-

Cont. Table 4

Melikogluc et al. [4] etanercept 25 mg/ I – I – I –
(2002) 40 2 weeks
Melikoglud et al. [4] etanercept 25 mg/ – – – I – –
(2002) 10 2 weeks

Thalidomide

Saylan**** et al. [56] 22 400 mg/day I/22 I/16 – N/3 – –
(1982)

Hamza***** et al. [57] 30 100–300 20/27 20/25 4/4 3/11 13/14 –
(1986) mg/day (74%) (80%) (100%) (27%) (93%)

Jorizzof et al. [58] 4 200 mg/day 2/2 2/2 – – 2/2 1/2 
(1986) (100%) (100%) (100%) (50%)

Grinspane et al. [59] 100 100–300 34/100 – – – – –
(1989) mg/day (34%)

Gardner-Medwing 23 100–200 – – – – –
et al. [60] (1994) mg/day (83%)

Hamu-Ryudanh 96 100 mg/day I/28 I/12 I I/14 – E
et al. [61] (1998) 300 mg/day I/26 I/8 I I/14 – E

Karii et al. [62] 5 1–7mg/kg 5/5 5/5 – 1/1 – –
(2001) per week (100%) (100%) (100%)

*Mean number of mucocutaneus lesions showed a decrease but it was not significant
**Mean number of arthritis attacks and their mean duration were significantly reduced
***One case was reported to resolve
****Patients with oral and genital lesions but without ocular involvement recovered from the ulcers almost immediately. Thalidomide was
not effective in treating severe ocular attacks, however, it was partially useful in some patients
*****Number of patients who showed complete recovery was shown. Including partial recovery, 26/27 (96%), 24/25 (96%), 6/11 (55%),
and 14/14 (100%) patients with oral ulcers, genital ulcers, ocular lesions, and arthritis were improved, respectively
a IFN-α was used in combination with colchicine and benzathine penicillin in this study. All types of mucocutaneous lesions were less fre-
quent in the IFN group than in patients without IFN (colchicine and benzathine penicillin group)
b IFN-α was used in combination with azathioprine in this study. Seven patients were completely free from mucocutaneous lesions during
treatment. Nine patients with ocular lesions were re-evaluated after the IFN therapy
c Number of patients who received placebo was included. Significant beneficial effects were seen in the indicated lesions
d Combined treatment with corticosteroids, azathioprine, and cyclosporine A was given before this trial. Etanercept was added to the pre-
vious treatment and showed a beneficial effect in maintaining visual acuity
e The remaining 66 patients showed not complete but marked improvement. Thus, all the patients with orogenital ulcers (100%) nearly
recovered
f Since 2 patients were withdrawn from the study, the remaining 2 patients were evaluated. At least 1 patient recovered from nervous lesions
g Patients with oral or genital ulcers were treated
h Patients were divided into three groups and outcomes of 32 patients who received thalidomide 100 mg/day, 31 who received thalidomide
300 mg/day, and 32 who received placebo were evaluated. The suppressive effect of thalidomide at both dosages was significant at 4 weeks
for oral ulcers and at 8 weeks for genital ulcers and follicular lesions. Patients from both thalidomide groups had significantly fewer eye
attacks and milder deterioration in visual acuity in both eyes than did patients in the placebo group
i Thalidomide was given to children with BD whose ages were 7–16 years at the start
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peutic effect of anti-TNF has been reported [49, 50]. Several
groups have reported success in the treatment of BD with
TNF-α blockade, including infliximab (anti-TNF monoclon-
al antibody) and etanercept (soluble TNF receptor) [4,
51–53]. The effect of TNF-α blockade reported in patients
with BD was striking (Table 4). Infliximab was effective for
treating gastrointestinal ulceration and relapsing panuveitis
[51, 52]. Most lesions refractory to conventional treatments
entered remission within a few weeks of TNF-α blockade
[53]. After termination of anti-TNF therapy, however, they
recurred within several months in most cases.

Adverse effects of anti-TNF agents in BD were not neg-
ligible. These include serious infection, including tuberculo-
sis, autoantibody production, and other respiratory, gastroin-
testinal, and dermatological symptoms [53, 54].
Nonetheless, anti-TNF agents are promising in those with
symptoms refractory to conventional treatments.

Thalidomide

Thalidomide has immunomodulatory and anti-inflammato-
ry properties. It reduces the activity of the inflammatory
cytokine TNF-α by accelerating the degradation of its 
mRNA [55]. It was also reported to inhibit angiogenesis.
The effect of thalidomide seemed to be rather restricted
[56–62]. It induced nearly all the genital ulcers and arthritis
to enter complete remission or at least partial remission.
However, effects on ocular and skin lesions were inconsis-
tent, and depended on the studies [56, 57, 61]. Rather,
thalidomide sometimes brought about harmful effects on
skin lesions [56, 61].

The effect of thalidomide continued during the treatment
but diminished rapidly after its termination. Nervous system
side effects were prompt such as somnolence, polyneuropa-
thy, impairment of libido, dizziness, and sleeplessness [56,
57, 59–61]. Other adverse events were exaggerated appetite,
fatigue, constipation, xerostomia, headache, weight gain,
skin rash, edema, and sweating [56–59, 61]. 

Female patients must be warned of teratogenesis. In sum-
mary, thalidomide seems to be worth trying in those with
severe and recurrent mucocutaneous lesions. 

Methotrexate for CNS lesions

CNS lesions constitute one of the most-serious symptoms.
CNS lesions are usually treated with high-dose corticos-
teroids. However, many patients were refractory to the corti-
costeroid therapy. Methotraxate (MTX), which inhibits folic
acid metabolism and then decreases synthesis of nucleic
acids, has been used to treat cutaneous neutrophilic vascular
reactions and ocular lesions of BD [63, 64]. MTX was

applied to patients with progressive neuro-BD (progressive
dementia or psychosis) by low-dose weekly administration
(7.5–12.5 mg/week) for 12 months [65]. MTX reduced the
cerebrospinal fluid IL-6 levels significantly, whereas intelli-
gence quotients and findings on MRI examination were
comparable at the end of the therapy. Six months after the
discontinuation of MTX, the neuropsychological manifesta-
tions exacerbated and cerebrospinal fluid IL-6 was elevated.
As a side effect, liver dysfunction, which returns to normal
on reducing the MTX dosage, is rather common. In summa-
ry, low-dose weekly MTX therapy may be a choice for treat-
ing steroid refractory neuro-BD.

Conclusions

Although many studies have investigated the pathogenesis of
BD, it remains unknown. We describe revised diagnostic cri-
teria in Japan and novel therapies. Further studies are need-
ed to clarify the etiology, improve the specificity of diagno-
sis, and develop new therapeutic strategies.
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