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Foreword

Behçet´s Disease (BD) is one of the most-studied systemic disorders characterized by an 
occlusive vasculopathy of multiple organs. Various international meetings have established 
diagnostic criteria, so we now recognize most cases of BD and can start adequate 
treatment.  

The etiology, and pathogenesis of BD are still unclear, but there is evidence for genetic, 
immunologic (probably autoimmunologic) and infectious factors in the onset and 
throughout the course of the disease. 

This book highlights various aspects of BD. After an epidemiological overview and a 
discussion of the study of the frequency of diseases like BD, the clinical presentation of 
ocular and non-ocular symptoms of BD will be summarized. The immunopathological 
changes reflect a chronic vasculitis of arterioles, venules and capillaries. 

BD seems to be a TH1-driven disease. So, the role of T-cells, but also of NK-T-cells 
and secreted cytokines, is covered. Also, neutrophil hyperfunction is a well-studied 
important characteristic of BD. 

For years, herpes simplex virus, streptococcal or other infections have been under 
investigation as initiating antigens of BD. In particular, immune reactions against various 
microbial heat shock proteins could be an important etiological factor in BD. 

The role of HLA-B51 as the major genetic factor has been known for over 20 years, 
but there seems to be other associations, possibly the transmembrane major 
histocompatibility complex (MHC) class I related gene A (MICA) allele A6. The peptide 
motif of HLA-B*5101 is well characterized and may likely help the possible elucidation of 
disease mechanisms.  

Microsatellite mapping of the HLA-B*51 has shown that the pathogenic gene involved 
in the development of BD is pinpointed to HLA-B*51. Animal models like transgenic 
mice carrying the MHC class I related gene A (MICA) or B (MICB) may help to find the 
relative role of immune defects, infections and genetic factors. 

Finally, the treatment of BD will be discussed in detail. It seems that the use of anti-
TNF-alpha-antibodies, and also of interferon-alpha, has changed the prognosis of BD, 
which in previous years was regarded as being very bad due to occlusive vasculopathy of 
the retinal and the optic nerve vessels. 

This book summarizes our knowledge regarding the most important factors that induce 
or trigger BD. We hope that it stimulates research in this field and helps to initiate new 
ideas.

M A N F R E D  Z I E R H U T
S H I G E A K I  O H N O





CHRISTOS C. ZOUBOULIS

1. Epidemiology of Adamantiades-Behçet’s 
Disease

ABSTRACT

Adamantiades-Behçet’s disease is a universal disorder with varying prevalence, i.e.
80–370 pat/100,000 inhabitants in Turkey, 2–30 in the Asian continent and 0.1–7.5 in
Europe and the USA. Certain ethnic groups are mainly affected. The prevalence of the
disease seems to be strongly dependent on the geographic area of their residence.
These data indicate environmental triggering of a genetically determined disorder.
The disease usually occurs around the 3rd decade of life, however, early and late
onsets (1–72 y) have been reported. Juvenile onset disease rates 7–44% in different
ethnic groups; juvenile disease is less frequent (2–21%). Both genders are equally
affected. Familial occurrence has been reported in 1–18% of patients, mostly Turks,
Israeli and Koreans, and is increased in patients with juvenile disease. Oral aphthous
ulcers represent the onset sign in the majority of patients worldwide (47–86%). Oral
aphthous ulcers (92–100%), genital ulcerations (57–93%), skin lesions (38–99%),
ocular lesions (29–100%) and arthropathy (16–84%) are the most frequent clinical
features; sterile pustules (28–66%) and erythema nodosum (15–78%) are the most
common skin lesions. The positivity of pathergy test varies widely in different popu-
lations (6–71%). HLA-B51 is associated with high relative risk for the disease in the
Mediterranean Sea countries and Southern Asia. Diagnosis can be established 2–15 y
after the onset of the disease. Male gender, early development of the disease in adults,
and HLA-B51 positivity are markers of severe prognosis (mortality 0–6%).

KEYWORDS: Epidemiology, Adamantiades-Behçet’s disease, Behçet’s disease

INTRODUCTION

Adamantiades-Behçet’s disease is a rather rare disorder with wide distribution but
varying prevalence around the world. It occurs endemically in the Eastern Mediterra-
nean and in Central and East Asian countries. The spread of these geographic areas
along the old silk route and associated immunogenetic data support the hypothesis that
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the disease was carried over through the immigration of old nomadic tribes [1]. Trans-
fer of genetic material or of an exogenous agent may have been responsible for the
expansion of the disease.

PREVALENCE

The highest prevalence of the disease has been reported in Turks living in Anatolia
(Northeastern Turkey) with 370 patients per 100,000 inhabitants [2], while the overall
prevalence in Asia is 10- to 150-fold lower and in Europe and the U.S.A. more than
150-fold lower [2–17] (Table 1). Single or a few cases have been reported in all
continents.

Interestingly, in areas with many ethnic populations, certain ethnic groups are
mainly affected. In Taiwan, all 103 patients diagnosed between 1970 and 1988 were
Chinese [18]. In Iran, Turks present a significantly higher prevalence than Caucasians
and Semites, while no patient was found among Zoroastrians, who are isolated-living
Caucasians [19]. In Kuwait, Kuwaiti bedouins are not affected by the disease and there
is only a prevalence of 1.58 per 100,000 Kuwaitis which is similar to the involvement
of non-Arab populations (1.35 per 100,000 inhabitants) and lower than 2.90 per
100,000 non-Kuwaiti Arabs [12]. In Berlin-West, Germany, the disease exhibited a
prevalence of 20.75 per 100,000 inhabitants of Turkish origin compared to only 0.42
per 100,000 inhabitants of German origin in the year 1989 [5].

In populations with the same ethnic origin the prevalence of the disease seems to
be strongly dependent on the longitude or the latitude of their residence. The preva-
lence in Turkish populations was calculated to decrease up to 18-fold by increasing
distance from Eastern Turkey towards a western direction (Table 1). On the other
hand, the prevalence of the disease in Japan was assessed to decrease up to 30-fold by
moving from northern to southern Japan and to be annihilated in Japanese living in
Hawaii [10] and in the U.S.A. [11]. A few patients of Japanese origin were found in
Brazil [20]. These data indicate (an) environmental factor(s) which possibly trigger(s)
the onset or the development of the disease in genetically determined populations.

Studies comparing epidemiological features of the disease over the time have
found a throughout increasing prevalence, which may be due to the chronic character
of the disease. In Japan, there were 7.0–8.5 patients per 100,000 inhabitants in the year
1972 [21], 8.3–10.0 patients per 100,000 inhabitants in the year 1984 [9] and 13.5
patients per 100,000 inhabitants in the year 1991 [9]. In Berlin-West, Germany, 0.65
patients per 100,000 inhabitants were detected in the year 1984, 1.68 patients per
100,000 inhabitants in the year 1989 and 2.26 patients per 100,000 inhabitants in the
year 1994 [5]. In Rome, Italy, Adamantiades-Behçet’s disease was found responsible
for 3% of uveitis between 1968 and 1977, but for as much as 7.5% between 1978 and
1987 [22].
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Table 1 Worldwide distribution of Adamantiades-Behçet’s disease.

Population Year Prevalence
per 100,000 inhabitants

Country Region

ASIA

Turkish

Ordu region, Northeastern Anatolia [2] 1987 370.

Ankara region [3] 1998 115.

European part [4] 1981 80.

Berlin-West, Germany [5] 1989  20.75

Saudi Arabian, Al Qassim region [6] 1997  20.

Iranian [7] 1996 16.67

Chinese [8] 1998 14.00

Japanese [9] 1991 13.50

Hokkaido region [9] 1991  30.50

Kyushu region [9] 1991  0.99

Hawaii [10] 1975  0.

U.S.A. [11] 1979  0.

Kuwait [12] 1986  2.10

Kuwaitis [12] 1986  1.58

Non-Kuwaiti Arabs [12] 1986  2.90

Non-Arabs [12] 1986  1.35

Kuwaiti bedouins [12] 1986  0.

AFRICA

Egyptian, Alexandria region [13] 1997  7.60

EUROPE [5]

Spaniard

Northern Spain [14] 1998  7.50

Galicia [15] 2000  0.66

Italian 1988  2.50

Germany, Berlin-West area 1994  2.26

German 1994  0.55

Portuguese 1993  1.53

Swedish 1993  1.18

British 1987  0.50

Yorkshire region 1977  0.64

Scotland 1992  0.27

AMERICA

U.S. American [16] 1979  0.12

Olmsted County, MN [17] 1985  0.33

Hawaii [10] 1975  0.
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INCIDENCE

Data on the incidence of the disease are rather sparing and ambiguous. In Japan, a
country with well organized registration of patients with Adamantiades-Behçet’s dis-
ease, 0.89 new cases per 100,000 inhabitants have been diagnosed in the year 1984
[9]. In 1990, 0.75 new cases per 100,000 inhabitants have been registered indicating
the reaching of a plateau after a rapid increase of incidence since 1972. In Taiwan, the
yearly number of patients who first visited six major medical centers from 1979 to
1983 was about 5, while about 14 patients per year presented for the first time from
1984 to 1988 [18].

AGE OF ONSET

The disease usually occurs around the third decade of life, an observation which is
independent of the origin of the patients or their gender (Table 2). An average age of
onset of 31.7 years was recorded in countries of East Asia, 26.5 years in Arab coun-
tries, 25.6 years in Turkey, 19.9 years in Israel, 25.9 years in Europe and 28.3 years in
Americas. However, cases with early and late onset of the disease have also been
reported and the age of onset ranges between the first months of life and 72 years.

The rate of patients with juvenile onset of the disease is varying among the several
populations from 44.1% in Israel [34], 30.4% in the U.S.A. [40], 22.0% in Korea [24],
14.1% in Iran [47], 10.7% in patients of German origin [48], 7.6% in Italy [49] to 7.1%
in Morocco [50]. Juvenile disease is less frequent, its prevalence was estimated in
France to be 0.17 patients per 100,000 inhabitants [51]. Juvenile disease was reported
in 20.8% of patients in Greece [52], 11.3% in Jordan [53], 8.6% in India [28], 6.1% in
Turkey [54], 4.8% of patients with German origin [48], 4.3% of patients in Iran [47],
4.3% in U.S. American patients [40], 3.5% in Morocco [50], 2.3% in Tunisia [55] and
1.5% of patients in Japan [21].

SEX DISTRIBUTION

In contrast to old Japanese [56] and Turkish [57] reports of an androtropism, the male-
to-female ratio drastically decreased in the last 20 years to currently reach an equal
rate [9, 31, 58]. Similar observations were made in Israel [34, 59] and in Germany [5]
(Fig. 1). Current epidemiological studies register an approximately equal male-to-
female ratio in several populations (Table 2). An androtropism is still observed in
Arab countries, while gynaecotropism is evident in some northern European countries
and in the U.S.A.

Japanese studies has shown a real increase in female patients which is associated
with a trend towards a mild clinical course of the disease [9].
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Table 2 Demographic data on Adamantiades-Behçet’s disease in a worldwide comparison.

Country Number of 
patients

Age of onset, y Male : Female
average range (SD) ratio

ASIA
Japan [9] 1139 35.7 1.07 : 1
Korea [23] 1155 28.8  7–71 0.63 : 1
China [24]  328 27.9  4–58 0.69 : 1
Taiwan [18, 25]  156 10–50 2.47 : 1
Philippines [26]  9 2.00 : 1
Singapore [27]  34 37 0.55 : 1
India [28]  58 33.1 10–64 1.76 : 1
Iran [7] 3153 26.2 (± 9.7) 1.13 : 1
Iraq [29]  60 29.4 3.00 : 1
Saudi Arabia [30]  119 22.9 13–51 3.40 : 1
Kuwait [12]  29 3.10 : 1
Turkey [31] 2147 25.6 1.03 : 1
Lebanon [32]  32 22.0  3–45 1.50 : 1
Jordan [33]  150 25.2 (± 9.4) 3.40 : 1
Israel [34]  59 19.9  2–54 0.79 : 1
AFRICA
Egypt [13]  274 26.2 (± 9.9) 5.37 : 1
Tunisia [35]  702 28.9 (± 9.9) 3.00 : 1
Morocco [36]  673 31.7  5–60 2.54 : 1
South Africa [37]  5 0.67 : 1
EUROPE [5]
Russia  25 24.7 (±12.9) 0.56 : 1
Czech Republic [38]  9 2.00 : 1
Sweden  5 33.0 19–48 0.67 : 1
Scotland  15 0.36 : 1
England  53 24.7 10–61 0.96 : 1
Ireland  24 20.8 (± 7.5) 1.40 : 1
Germany*  96 24.5  0–72 1.00 : 1
Portugal  241 25.7 (±11.1) 1.01 : 1
Spain*  47 26.9 12–48 1.35 : 1
France  126 28.5  2–64 1.57 : 1
Italy  155 25.0  5–53 2.44 : 1
Yugoslavia [39]  21 1.33 : 1
Greece  63 29.0  5–67 1.42 : 1
AMERICA
U.S.A. [40, 41]  131 25.6  5–49 0.42 : 1
Brazil [20, 42–44]  197 30.2  9–61 0.91 : 1
Chile [45]  5 4.00 : 1
OCEANIA
Australia [46]  12 2.00 : 1

* modified to include current data
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FAMILIAL OCCURRENCE

Familial occurrence is one of the major epidemiological features of Adamantiades-
Behçet’s disease. Interestingly, familial occurrence is more frequent in families with
Korean (15.4%) than Japanese or Chinese (2.2–2.6%) origin (p<0.001, c2 test). Also
patients with Arab, Israeli or Turkish origin presented higher frequencies of familial
cases (2.0–18.2%) than European patients (0–4.5%; p<0.001, c2 test) (Table 3).

In juvenile patients there is a higher frequency of familial occurrence than in
adults, namely 16% vs. 2% in Morocco [71], 18% vs. 2% in France [51] and 25% vs.
8% in Germany [48]. Recently, genetic anticipation in the form of earlier disease onset
in children compared to their parents has been identified corroborating the findings of
higher frequency of familial cases in juveniles than in adults and the possibility of a
genetic predisposition in Adamantiades-Behçet’s disease [72].

ONSET MANIFESTATIONS

Oral aphthous ulcers represent the onset feature of the disease in the majority of the
patients worldwide (47–86%) (Table 4). Genital ulcerations (0–18%), skin lesions (0–
27%) – especially erythema nodosum (0–19%) –, ocular lesions (0–35%), arthropathy
(0–24%), neurological features (0–12%) and vascular involvement (0–3%) can also
occur as onset lesions. The high frequencies of oral aphthous ulcers, genital ulcera-
tions, skin and ocular lesions as onset signs confirm the importance of these clinical
features for diagnosis. Highly recurrent oral aphthosis, the most frequent onset sign,
is a warning signal for Adamantiades Behçet’s disease. Fifty-two per cent of 67
prospectively evaluated patients with recurrent oral aphthosis (in average 10 recur-
rences per year) in Korea developed Adamantiades-Behçet’s disease in 8 years after

male-to-female ratio
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Figure 1 Development of male-to female ratio over time.
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development of oral aphthous ulcers [74]. Although it is also a frequent feature,
arthropathy is unspecific and, therefore, does not support diagnosis if it occurs as onset
sign of the disease.

CLINICAL FINDINGS

Oral aphthous ulcers (92–100%), genital ulcerations (57–93%), skin lesions (38–
99%), ocular lesions (29–100%) and arthropathy (16–84%) are the most frequent
features of the disease worldwide (Table 5). Sterile pustules (28–66%) and erythema
nodosum (15–78%) are the most frequent skin lesions. A positive pathergy test is

* modified to include current data

Table 3 Familial occurrence of Adamantiades-Behçet’s disease.

Population number of patients rate (%)

ASIA

Turkish

Turkey [60]  170 18.2

Germany [5]*  101 15.5

Israeli [61]  38 13.2

Korean [23]  178 15.4

Indian [28]  58 13.8

Saudi-Arabs [30]  119  7.5

Lebanese [32]  32  6.3

Iranian [62] 1242  5.5

Chinese [63]  2.6

Japanese [64, 73]  223  2.2

AFRICA

Egyptian [13]  274 10.7

Moroccan [36]  673  5.6

Tunisian

North Tunisia [35]  702  2.0

South Tunisia [65]  26 11.9

EUROPE

Spaniard [15, 66]  38  5.3

English [67]  33  3.6

German [5]*  96  3.2

Portuguese [68]  154  2.6

Italian [22, 69]  177  1.3

Greek [70]  64  1.3
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reported in 6–71% of the different patients groups. A comparison of the frequencies
of clinical features among patients of different ethnic origin revealed lower rates of
positive pathergy test in patients in Europe, the U.S.A. and Brazil (32%) than in
patients in the rest of the world (54%, p<0.001, c2 test) and higher rates of arthropathy
in Europeans, U.S. Americans and Brazilian (62%) than in the latter group (41%;
p<0.001, c2 test). Gastrointestinal features were assessed to be more frequent in Japa-
nese and Europeans (16%) than in Korean and Turkish patients (3%, p<0.001, c2 test).
A comparison concerning the rates of ocular lesions in south-eastern European pa-
tients (Italian and Greek) and south-western as well as northern European patients has
detected significantly higher rates in the former group [5].

ASSOCIATION OF HLA-B51 WITH THE DISEASE

HLA-B51 is significantly associated with Adamantiades-Behçet’s disease [1]. It is
surprising, however, that none of the functional correlates of the disease appear to be
restricted by HLA-B51. Current evidence is shifting towards the view that HLA-B51
is not involved directly in the etiology of the disease [75] but might be closely linked
to disease-related gene(s) [76]. On the other hand, HLA-B51 was found to be a marker
for unfavorable prognosis, especially an earlier development of the disease, ocular
lesions and vessel involvement [5]. HLA-B5 positive individuals of German origin as
well as from other northern European countries were detected to present a lower
relative risk to develop the disease compared to southern Europeans, especially pa-
tients from south-eastern European countries [5]. It is interesting that the relative risk
of HLA-B51 individuals to develop the disease does not follow the distribution of the
HLA-B51 allele around the world (Table 6); it is increased in a small geographic area
which well correlates with the major antic trade routes [101] (Fig. 2).

COURSE AND PROGNOSIS

Adamantiades-Behçet’s disease is usually diagnosed with a delay of several years
after the appearance of the onset sign, i.e. after 1 year in Israel [34], 2.1 years in Iraq
[29], 3 years in Germany [5], 4.7 years in India [28], 5.1 years in Spain [14], 6.1 years
in Turkey [31], 6.4 years in Saudi Arabia [30], 6.4 years in Korea [102], 7.8 years in
Russia [103], 8 years in the U.S.A. [40, 104], 5–15 years in Japan [105]. The disease
exhibits a potentially severe course with mortality rates of 0 to 6.3%, mostly involving
male patients (Table 7). The real increase of female cases in Japan is associated with
a decrease of the mortality rate, namely from 1% in 1972 to 0.4% in 1991 [9]. Central
nervous system, pulmonary as well as large vessel involvement and bowel perforation
are the major life-threatening manifestations. On the other hand, blindness and the
consequences of central nervous system involvement are the most disabling features.
There is evidence that a lethal outcome is often due to delayed diagnosis and treat-
ment. In addition to HLA-B51 positivity, male gender [5] and early development of
systemic features [110] have been detected to be markers of severe prognosis, while
juvenile onset does not predict unfavorable prognosis [34, 48, 110]. Spontaneous
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remissions of certain or of all manifestations or have been observed in a part of the
patients several years after the onset of the disease [22, 24, 28, 63, 105].

* modified to include current data

Table 6 Frequency of HLA-B51 antigen in patient groups and relative risk (RR) for Adaman-
tiades-Behçet’s disease.

Patients Controls

Country n HLA-B51+ 
in%

n HLA-B51+ 
in%

RR

ASIA

Japan [76]  91 57  140 14  7.9

Korea [77]  52 44  42 17  4.0

Taiwan [78]  51 51  128 11  8.5

China [79] 120 56  100 12  9.3

India [28, 80]  31 32  400

Iraq [29]  52 62  175 29  3.9

Iran [81] 53 33  2.3

Turkey [5, 57, 82–84] 520 77 1106 26  9.2

Saudi Arabia [30]  85 72 26  9.0

Jordan [33]  68 74  43 23  9.2

Israel [34, 61, 85, 86] 126 75  790 21 11.5

AFRICA

Egypt [87]  84 58  200  7 20.1

Tunisia [65, 88]  55 62  80 24  5.2

EUROPE [5]

Russia  19 37  150 15  3.2

Great Britain 107 25 2032  9  3.3

Ireland  24 25  96  3  6.3

Germany*  70 37 1415 14  3.6

Switzerland  8 38 17  3.0

Portugal [89–91] 318 53  135 24  3.6

Spain [14, 66, 92] 100 42  452 21  2.7

France 105 51  591 13  6.7

Italy  57 75  304 22 10.9

Greece [93–97] 170 79  670 28  9.7

AMERICA

U.S.A. [98, 99]  32 13  523 10  1.3

Mexico [100]  10 70  105 31  5.1



12 Christos C. Zouboulis

* modified to include current data

CONCLUSION

Adamantiades-Behçet’s disease is a rare, genetically determined, universal disorder
whose presentation is probably associated with environmental triggering. The exact
etiology remains unknown. The disease usually occurs around the 3rd decade of life
with both genders being equally affected. Oral aphthous ulcers represent the onset sign

Table 7 Mortality in Adamantiades-Behçet’s disease

Number of 
patients

Lethal outcome Duration of 
follow-up (years)Country n= % Male Female

England [106]  32 2 6.25

Turkey [107]  120 6 5.00 6 – 10

France [108]  60 3 5.00 3 (1–12)

Germany [5]*  96 4 4.17 2 2 1–20

Spain [14]  30 1 3.33

Italy [22]  141 4 2.84 4 – >10

Portugal [68]  156 4 2.56 3 1 >10 (up to 21)

Saudi Arabia [30]  119 3 2.52

Japan [9] 3316 0.40

Korea [109] 2200 7 0.003 6 1 6.5

Greece [70]  64 – 0

India [28]  58 – 0 4

Figure 2 Worldwide relative risk for the development of Adamantiades-Behçet’s disease in
several countries.
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in the majority of patients worldwide, whereas oral aphthous ulcers, genital ulcera-
tions, skin lesions, ocular lesions and arthropathy are the most frequent clinical fea-
tures. Male gender, early development of the disease in adults, and HLA-B51
positivity are markers of severe prognosis.
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HASAN YAZICI

2. A Proposal to Study the Frequency 
of Rare Diseases

ABSTRACT

We have recently proposed a method to determine an upper boundary for “zero”
observations among a population of “n” individuals. Using the binomial distribution
model, the upper limit of “n” was formulated to be less than 3/p0 where p0 stood for a
predetermined population frequency which, for an accurate working for this formula,
had to be equal or less than 2%. Our formula gave the required sample size that yielded
the 95% confidence interval, p<3/n. Thus if the frequency of Behçet’s syndrome (BS)
is around 1/250 among the adult population in Turkey and we do a survey BS in the
UK and do not come across a single patient among 750 individuals we can conclude
that the prevalence of BS in UK is less than that in Turkey with 95% confidence. 

It is also proposed that the frequency of the disease in the region where the disease
is thought to have low prevalence can be estimated by a “neighbourhood sample”,
instead of the traditional random sample of the population. Assuming that we do not
come across any cases, even in this setting of the worst case conditions, than we can
be more comfortable in the upper boundary that our zero patient formula will define.

KEYWORDS: Zero – patient method; epidemiology; neighbourhood sample; con-
fidence limits 

INTRODUCTION

Reliable figures related to the frequency of Behçet’s syndrome (BS) are few. In the
only formal population survey conducted by us some years ago in Turkey, we had
come with a 1/250 among the inhabitants in a town in Northern Turkey [1]. What is
needed, on the other hand, is an estimate of the frequency of this condition in the areas,
like Europe and North America, where the disease is apparently much less common.
This is particularly important in trying to compare the frequency of BS among the
indigenous people of these countries and that among the immigrants from areas with
a high prevalence of BS, like Turkey and Japan. Such studies are obviously important
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to tease out the acquired from the genetic components in the pathogenesis of BS, about
which relatively little is yet known.

It is proposed that the utilisation of our recently published “zero patient” method
[2] of statistical analysis and the neighbourhood method of selecting the population to
be studied will facilitate such studies.

THE ZERO PATIENT METHOD 

To formally study the epidemiology of rare diseases is often difficult and costly in that
large number of patients need to be studied. There is also the, not well-recognised,
problem of not being able to the formal statistics in the, rather likely, event that no
patients with the rare disease under scrutiny is identified among the several hundred
or thousand individuals screened. Several colleagues versed in statistics and mathe-
matics and myself recently proposed a method to address this problem [2]. The mean
objective was to determine an upper boundary for “zero” observations among a pop-
ulation of “n” individuals.

Using the binomial distribution model, the upper limit of “n” was formulated to be
less than 3/p0 where p0 stood for a predetermined population frequency which, for an
accurate working for this formula, had to be equal or less than 2%. Our formula gave
the required sample size that yielded the 95% confidence interval p<3/n.

Let us look at a numerical example: 
We mentioned that the frequency of Behçet’s syndrome (BS) is around 1/250

among the adult population in Turkey [1]. Assuming we do a survey BS in the United
Kingdom and do not come across a single patient among 750 (3×1/250) we come
across. With this observation we can safely conclude that the prevalence of BS in UK
is less than that in Turkey with 95% confidence. Similarly, in 1998 Sezer at all
screened 45000 children in Turkey and could not come across a single patient with BS
[3]. This told us that the frequency of BS, among children in Turkey was less than 1/
15000, with 95% confidence. This certainly is in line with the traditional view that BS
is rare among children.

One final point that needs to be discussed about our formula is its power. This
simply is the likelihood that we will find “zero” cases if we formally do the mentioned
survey with our upper bound number of our frequency being defined as 3/p0. For an
80% power this frequency is around 13 times less than p0. Let us assume that the
frequency of BS in UK is less than 1/13×250. The power of our test tells that if we
survey 100 random and different samples of individuals in UK, 80 out of 100 times
we will not come across any patients with BS. 

We believe that this 13-fold difference is rather comfortable, and thus the power
of our formula quite acceptable in that the true prevalence of BS in UK, in all likeli-
hood, is even less than 1/13×250.
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THE NEIGHBOURHOOD SAMPLE 

As mentioned above the main reason our formula was designed was to use it in
comparative studies between a region of relatively high disease prevalence and that in
a region where the frequency is very low. 

It is proposed that the frequency of the disease in the region where the disease is
thought to have low prevalence can be estimated by a “neighbourhood sample”, in-
stead of the traditional random sample of the population. This neighbourhood sample
would be people among the immediate vicinity of the already identified cases. Such a
sample would be biased toward finding more cases than what one would expect in a
traditional random sample simply due to an augmented influence of environmental
and/or genetic factors operative in the pathogenesis in a neighbourhood sample. How-
ever, assuming that we do not come across any cases, even in this setting of the worst
case conditions, than we can be more comfortable in the upper boundary that our zero
patient formula will define.

An operational example of this method would be to start with a case registry of BS
patients in Northern European country where BS is known to be very rare. The next
step would be to search for other cases of BS in the immediate, well-defined, vicinity
of these cases. This “vicinity” could, for example, be the work place or the dwelling
of the already identified cases. The relatives may or may not be included in this survey
as we wish. 

Another point to consider in this proposed method is the intuitively expected
similarity of environmental agents or individual traits in disease causation in different
geographic areas. This would make the comparisons in frequency arrived by our
method, in probability, be valid in that one would reasonably expect more or less
similar factors of disease causation in different regions.

CONCLUSION

It is suggested that utilisation of the “neighbourhood sample” with the “zero-patient
method” will ease our way to make comparative studies on the frequency of rare
diseases less costly and time consuming. 
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3. Non-Ocular Manifestations 

ABSTRACT

Behçet’s Disease (BD) is classified among vasculitides. There are actually two nation-
wide surveys of BD; Iran (3153 patients) and Japan (3316 patients). There are 4 major
case series in the world, Turkey (2147 patients), Korea (1155 patients), Morocco (673
patients), and England (419 patients). Other series are based on less than 200 patients. 

Mucous Membrane Manifestations: Oral aphthosis was seen in 96.4% of patients
in Iran, 98.2% in Japan, 100% in Turkey, 97.5% in Korea, 100% in Morocco, and
100% in England. Genital aphthosis is seen less frequently. It was detected in 64.8%
in Iran, 73.2% in Japan, 88.2% in Turkey, 56.7% in Korea, 83.5% in Morocco, and
89% in England. 

Skin Manifestations: They were seen in 71.8% of patients in Iran, 87.1% in Japan,
60.6% in Korea, and 86% in England. Behçet’s Pustulosis or pseudo-folliculitis was
seen in 63.7% of patients in Iran. Skin aphthosis is not frequent but it is the most
characteristic lesion of BD. Subcutaneous Lesions: Erythema nodosum is seen in
22.6% of patients in Iran. They are seen more frequently in China and Korea, around
55% of patients. 

Ocular Manifestations: they were seen in 56.2% of patients in Iran, in 69% in
Japan, 28.9% in Turkey, 28.5% in Korea, 67% in Morocco, and 68% in England.
Anterior uveitis was seen in 41.8% of patients in Iran, posterior uveitis in 44.9%, and
retinal vasculitis in 30.9% of patients. 

Joint Manifestations: They were seen in 36% of patients in Iran, 57% in Japan,
16% in Turkey, 24.2% in Korea, 56.9% in Morocco, and 93% in England. They have
different forms: Arthralgia, monoarthritis, Oligo/poly arthritis, and Ankylosing
spondylitis.

Neurological manifestations: were seen in 9.5% of patients in Iran, 11% in Japan,
2.2% in Turkey, 5.7% in Korea, 14% in Morocco, and 31% in England. 

Gastrointestinal (GI) manifestations: Produced by aphthous ulcers of the intestinal
tract, they were seen in 8.1% of patients in Iran, 15.5% in Japan, 2.8% in Turkey, 4%
in Korea, and 7% in England. 
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Vascular involvement was seen in 8.4% of cases in Iran, 8.9% in Japan, and 16.8%
in Turkey. Arterial involvement is rarely seen, In Iran it was 0.5% of patients. Deep
vein thrombosis was seen in 6% of patients in Iran, 8.9% in Japan, 10.6% in Turkey,
19.2% in Morocco, and 22% in England. Superficial phlebitis was seen in 2.3% of
patients in Iran. Large vein thrombosis was seen in 0.9% of patients in Iran

Orchitis, Epididymitis were seen in 5.8% of patients in Iran, and 6% in Japan.
Cardio Pulmonary manifestations were rare.

Laboratory Findings: Erythrocyte Sedimentation rate was normal in 41.2% of
cases in Iran. Urinary abnormalities are infrequent and transient (10.3% of cases in
Iran). Proteinuria was seen in 2.2%, hematuria in 4.7%, leukocyturia in 5.5%, and cast
in 0.3% of cases. Pathergy test was positive in 59.5% of patients in Iran, 44% in Japan,
57% in Turkey, 40% in Korea, 68% in Morocco, and 32% in England.

KEYWORDS: Behçet’s Disease, Clinical Manifestations; Muco-cutaneous Mani-
festations, Aphthous Ulcers 

INTRODUCTION

Behçet’s Disease (BD) is classified among vasculitides, but its clinical picture is very
distinctive and can be easily differentiated from the others. Originally BD was seen
along the Silk Road, but due to immigrations it is now seen everywhere in the world.
There are many reports on clinical manifestations of BD from different parts of the
world. The majority are case series reports. There are actually two nationwide surveys
of BD, one from Iran [1] and the other from Japan [2]. Although the two countries are
far from each other, and their populations are racially different, the difference between
their clinical pictures was not striking [3]. Each of these studies was done on a great
number of patients, 3153 patients for Iran and 3316 patients for Japan. The compari-
son of case series with the nationwide surveys is difficult because of the difference in
patients’ selection. There are 4 major case series in the world, Turkey with 2147
patients [4], Korea with 1155 patients [5], Morocco with 673 patients [6], and England
with 419 patients [7]. Other series are based on less than 200 patients [8–26]. Looking
at reports from all over the world, it appears that the clinical picture varies from one
to another. These differences have led some authors to stipulate that BD was a syn-
drome rather than a disease. However, difference in selection methods and clinical
settings may explain the majority of them. 

The clinical picture of BD is dominated by mucocutaneous and ophthalmological
manifestations. The criteria used in different sets of diagnosis criteria are for the
majority among those manifestations. We will give a clinical description of each
manifestation, and give their prevalence in major studies. The figures will then be
compared to other statistics from other parts of the world (Table 1). The data from Iran
are the latest figures compiled from our database in August 2000. The figures are
driven from 4313 patients.
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MUCOUS MEMBRANE MANIFESTATIONS

Classically they are oral and genital aphthosis. The two of them are used in diagnosis
criteria. However, other lesions can be seen which are ulcerations but not aphthosis. 

Oral aphthosis is the most frequent and constant symptom of BD. It was seen in
96.4% of patients in Iran (Confidence Interval: 0.5) 98.2% in Japan (CI: 0.5), 100% in
Turkey, 97.5% in Korea, 100% in Morocco, and 100% in England. Oral aphthosis is
not specific to BD and can be seen in other diseases like AIDS, ulcerative colitis,
Crohn disease, systemic lupus erythematosus, etc. The elementary lesion is a well-

No.: Number of cases. OA: Oral aphthosis. GA: Genital aphthosis. 
Oph: Ophthalmologic Manifestations. CNS: Central nervous system involvement. 
GI: Gastrointestinal manifestations. Phl: Phlebitis. Epid: Epididymitis.

Table 1 Distribution of Behçet’s Disease clinical symptoms in the world.

 No. OA GA Skin Oph Joint CNS GI Phl Epid

Japan2 3316 98 73 87 69.1 57.1 11.1 16.1 9 6

Korea5 1155 98 57 61 29.1 24.1 5.7 4.1

China8 98 100 89 21.4 30.6 9.2 36.1

India9 58 90 78 64 43.1 71.1 10

Saudi Arabia10 119 100 87 57 65.1 37.1 44.1 4.1 25 4

Iraq11 58 100 100 83 35.1 31.1 19.1 3.3 33 14

Jordan12 150 100 85 90 46.1 28.1 20.1 29 28

Lebanon13 100 95 78 53 63.1 65.1 14.1 10.1 9 2

Israel14 41 98 88 88 76.1 29.1 29.1 37 6

Egypt15 274 92 76 39 76.1 50.1 26.1 10.1 16

Algeria16 58 14.1 5.1 21

Tunisia17 200 100 80 60.1 50.1 20.1

Morocco6 673 100 84 67.1 57.1 14.1 19

Iran 4313 96 65 72 56.1 36.1 3.3 8.1 6 6

Turkey4 2147 100 88 29.1 16.1 2.2 2.8 11

Tadjikistan18 36 100 71 79 49.1 44.1 14.1 14

Russia19 35 100 89 89 40.1 71.1 14.1 37.1 37 4

Greece20 90 100 77 74 71.1 56.1 20.1 11

Italy21 155 98 73 86 92.1 77.1 17.1 34.1 18 19

Portugal22 127 98 75 87.1 55.1

Spain55 38 100 91 73 35.1 62.1 17.1 5.1 19

Germany23 196 99 75 76 59.1 59.1 13.1 16.1 16

France24 73 97 62 74 55.1 94.1 28.1 18.1 1

England7 419 100 89 86 68.1 93.1 31.1 7.1 22

USA25 164 98 80 66 70.1 42.1 21.1 8.1 2

Brazil26 81 100 71 65 51.1 64.1 7
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defined and painful round or oval ulceration. It has a white yellowish necrotic base,
surrounded by a red areola. The number of aphthous lesions varies from one attack to
another. Sometimes it is isolated, but most of the time two or more lesions are seen
together. The diameter of lesions varies from one attack to another, from 1 to 20 mm,
with a tendency to decrease under the treatment. The lesions heal spontaneously in one
or two weeks, without any treatment, but they have a high tendency for recurrence.
The interval between recurrences also varies from one attack to another, from few
days to several months, or even more. Classically, oral aphthosis is classified in major,
minor, and herpetiform aphthosis. This classification is no more relevant, because
there is no fundamental difference between them. If the size of aphthous lesions or
their grouping has to be considered then the following forms can be described: 
– Punctiform aphthous lesions: They are very small, like a pinhole. They are some-

time difficult to see because of their small size. However, as they are painful and
the patient will usually point at them, their detection becomes easier. Usually a few
of them may be detected at the same time. 

– The miliaria aphthosis are small and numerous aphthous lesions usually seen on
the lips and cheeks. The differential diagnosis is the Fordyce spots, which are not
painful and do not disappear like aphthous lesions. 

Oral aphthous lesions may be localized everywhere on the oral mucosa with the
following frequency order: lips, cheeks, tongue, gingiva, palate, tonsils, and pharynx.
Different forms of oral aphthous lesions may be seen together at the same time. Giant
aphthous lesions are rare in oral mucosa, but more frequent in genitalia. 

Genital aphthosis is seen less frequently than oral aphthosis. It was detected in
64.8% in Iran (CI: 1.4), 73.2% in Japan, 88.2% in Turkey, 56.7% in Korea, 83.5% in
Morocco, and 89% in England. The clinical picture is like oral aphthosis, except lesion
are usually more large, heal more slowly, and recur less frequently. In females they
are often larger than 10 mm, and deeper than oral aphthous lesions. They are localized
on the vulva, vagina, and rarely cervix. The giant aphthous lesion of the vulva is
frequent, cause dysfunction, and sometimes leaves indelible cicatrix. In males, genital
aphthosis is more often seen on the scrotum. They may sometimes become giant
lesions. Aphthous lesions may also be seen on the shaft of penis or on the meatus. 

Other forms of mucous membrane manifestations include [27]: 
– Anal aphthosis: This peculiar and rare form of aphthosis can be seen in both sexes.

It has the same characteristic than the genital aphthosis. The lesion is external and
close to the sphincter.

– Conjunctival aphthosis: This is also a rare lesion. Most of the time it is missed,
because it is small and ephemera, while the internal eye lesions may also mask the
symptoms.

– Ulceration and erosions: They are different from aphthous lesions as they have
different clinical characteristics. Ulcerative lesions are sometimes isolated and the
cause may be difficult to diagnose. More often, they are seen together with the
common aphthosis. The ulceration can produce multiple and various shapes with-
out a specific characteristic. 
– Fissural form. 
– Punctuated form.
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– Slashed form.
– Open book, like superficial ulceration.
– Giant ulceration. 

These lesions were seen rarely. Without histological proof, the superficial and conflu-
ent forms are difficult to differentiate from the early stage of pemphigus vulgaris.
Before involving the skin, Pemphigus vulgaris can sometimes involve buccal mucosa
for several months.

– Erythema: They usually surround aphthous lesions. They can also be isolated
involving a large surface of the oral mucosa.

– Purpura and hemorrhagic lesions: Very rare, they may be isolated or be seen with
other lesions. They are usually small and round, but they can also be widespread
like a superficial hemorrhage.

SKIN MANIFESTATIONS

They were seen in 71.8% of patients in Iran (CI: 1.3), 87.1% in Japan, 60.6% in Korea,
and 86% in England. 

They have various forms. Pseudo-Folliculitis, Erythema Nodosum, and the Pathergy
Phenomenon are the most classic. 

Behçet’s Pustulosis is a better nomenclature than Pseudo-Folliculitis. It is a vascu-
litis characterized by a dome shaped (non-acuminated) sterile pustule on a round
erythemato-edematous base. The base may rarely become purpuric. Sometimes it can
be seen around a hair follicle. Pustulosis is the most frequent cutaneous lesion of
Behçet disease. It was seen in 63.7% of patients in Iran (CI: 1.4). It is seen mainly on
the lower limbs and pubis, but it may be seen everywhere, even on the palmo-plantar
skin. When it is situated on the face, trunk, and back, it can be mistaken with the
papulo-pustular lesions of acne vulgaris by a non-experimented eye. 

Small round erythemato-edematous lesion is characterized by a round and slightly
painful weal on the skin, but without a pustule in its center like in Behçet’s Pustulosis.

Skin hypersensitivity to traumatism (pathergy) is a frequent phenomenon. A skin
trauma like needle prick will produce a papule or a pustule, surrounded by an ery-
thematous reaction, at the site of the trauma. The pathergy test uses this phenomenon
for diagnosis purpose. The skin is punctured with a 25 or 21-gauge needle, perpendic-
ular or diagonally to the skin. The reaction is best seen 24 to 48 hours after the trauma.
The degree of reaction which will classify the pathergy test as positive is not yet
standardized; therefore the percentage of positive pathergy test differs from one report
to another. However, it seems that in western countries, especially in England and in
the USA, the frequency of positive pathergy test is lower than in Eastern countries.
The pathergy phenomenon is not constant during the time and may appear or disap-
pear during the course of the disease [28]. Pathergy phenomenon was frequently seen
in Iran, 59.5% of patients (CI: 1.5). It was reported in 44% of patients in Japan, in 56%
in Turkey, in 68% in Morocco, and in 32% in England.
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Skin aphthosis is not frequent but it is the most characteristic lesion of BD. It is
characterized by a yellowish narcotizing punched out painful ulceration. It is seen near
the genital areas, on the inner side of the thigh, axilla, sub mammary space, interdigital
spaces, buttock, peri-anal skin, and the trunk. Skin aphthosis usually leaves a round
atrophic scar after healing. 

Small nodules: They are indurated and painful dermis nodules. They are more
frequently seen on the hands than lower limbs, but can also be seen on other parts of
the body. 

Behçet’s cellulitis has been mistaken in the past with Sweet syndrome. It is a
painful, large and round erythemato-edematous lesion. It is usually localized on the
lower limbs, but sometimes on the upper limbs or on the face. It may sometimes mimic
the clinical picture of Sweet syndrome’s lesions. It must not be mistaken with the
superficial thrombophlebitis of BD, or infectious cellulitis. The biopsy of Behçet’s
cellulitis showed always a vasculitis, and not a neutrophilic dermatitis [29] as in Sweet
syndrome.

Pyoderma Gangrenosum like lesion: It is an exceptional lesion. It is a large super-
ficial painful expanding ulceration, usually localized on the buttock and the lower
limbs.

Subcutaneous Lesions: Erythema nodosum is the most important subcutaneous
lesion of BD. It is rather frequent, and is a relapsing lesion. It is characterized by
painful multiple subcutaneous nodules that have different sizes. They are preferential-
ly located on the lower limbs. Often they have more erythema and edema around the
lesions than the classic erythema nodosum. It is seen in 22.6% of patients in Iran (CI:
1.2). They are seen more frequently in China [8] and Korea [5], around 55% of
patients. Other lesions are rare:
– Erythema Induratum like lesion is rare, 26 cases were seen in Iran. They are

recurrent large subcutaneous, red mauvish, and indurated lesions resembling the
erythema induratum of Bazin. The nodes become confluent, making a large indu-
rated plaque. In some cases, there was an important widespread erythemato-ede-
matous lesion. [29,30].

– Suppurative panniculitis is a very rare and special subcutaneous form consisting of
recurrent episodes of fever with few nodes. These nodes become liquefied fol-
lowed by the appearance of a fistula draining a sterile liquid. A localized atrophy
with a round depressed region is left as a sequela. Five cases have been reported
from Iran [30]. 

OCULAR MANIFESTATIONS 

They are the major cause of morbidity in BD. They will be treated in detail in another
chapter of the book. However, for the continuity of statistics, figures of eye involve-
ment will be given here. Ophthalmological manifestations were seen in 56.2% of
patients in Iran (CI: 1.5), in 69% in Japan, 28.9% in Turkey, 28.5% in Korea, 67% in
Morocco, and 68% in England. The low figures from Turkey and Korea may be due
to the clinical setting (Dermatology). Another report from Turkey gives the figure of
47.4% in a Rheumatology setting [31]. All parts of the eye may be involved, even
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conjunctiva and cornea. Anterior uveitis was seen in 41.8% of patients in Iran (1.5),
while posterior uveitis was seen in 44.9% (CI: 1.5), and retinal vasculitis in 30.9% (CI:
1.4) of patients. 

JOINT MANIFESTATIONS 

They are not rare. They were seen in 36% of patients in Iran (CI: 1.4), in 57% in Japan,
16% in Turkey, 24.2% in Korea, 56.9% in Morocco, and 93% in England. Looking at
another statistic from Turkey coming from a Rheumatology setting, the figure increas-
es to 46.9% [31]. Joint manifestations usually follow the golden rule of attack and
remission, although an attack may last several weeks or months. The main character-
istic of joint manifestations is their favorable outcome. They may take any form. They
can mimic from an acute and mobile arthritis like rheumatic fever to a chronic, fix, and
additive arthritis like rheumatoid arthritis. A chronic polyarthritis leading to erosive
joints is seldom seen. 

Arthralgia, of inflammatory type is seen in 16.1% of patients in Iran (CI: 1.1),
9.8% in Israel [14], 62.4% in Morocco [32], 45% in Lebanon [13], 9.4% in Yorkshire
[33], and 16% in Turkey [34]. Arthralgia is characterized by pain and morning stiff-
ness while the physical examination does not detect any swelling. However, some
joints may be tender. 

Arthritis is usually monoarticular or oligoarticular. It affects mainly large joints
with a predilection for the lower limb, much as the seronegative spondylarthropathies.
Polyarticular arthritis, affecting small and large joint, mimicking rheumatoid arthritis
is exceptional. 

Monoarthritis was seen in 8% of patients in Iran (CI: 0.8), 20% in Russia [19],
3.4% in India [9], 18% in Lebanon, and 16.2% in Morocco [32]. Oligo/poly arthritis
was seen in 17.6% of patients in Iran (CI: 1.1) and 51% in Russia. Oligoarthritis was
seen in 34.5% in India, 23% in Lebanon, and in 11.8% in Morocco. Polyarthritis was
seen in 32.8% in India, 11% in Lebanon, and in 17% in Morocco.

Ankylosing spondylitis (AS) is controversial. For some authors it is not seen in
BD, while for others it is related to BD and is seen as secondary AS. In Iran AS was
seen in 1.5% of patients (CI: 0.4), a number 15 times greater than in the general
population. This data clearly shows that BD is one of the causes of secondary AS. In
Egypt AS was seen in 5.6% of patients [35], in Iraq in 2% of patients [36], in Lebanon
in 1%, in Morocco in 0.83% of patients. 

In the study from Turkey [34], During a 4 year observation period (mean follow
up time of 19 months) 26% of the patients had one or more attacks of arthritis, a total
of 80 attacks for 47 patients. The knee joint was the most frequently involved, fol-
lowed by the ankle, wrist and elbow. The mean duration of attacks was not calculated
but 82% lasted for 2 months or less. The shortest attack was 3 days and the longest
was 4 years. As for the outcome, the authors conclude that arthritis in BD is usually
non-deforming.
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NEUROLOGICAL MANIFESTATIONS 

Neuro Behçet (NB) is an important manifestation of BD not because of its frequency,
which is rare, but because of its severe morbidity and seldom mortality. The classic
manifestation is a meningoencephalitis. However all forms of neurologic manifesta-
tions have been reported: from behavioral problems to organic confusional states, as
well as seizures, headache, benign intracranial hypertension, diencephalic dysfunc-
tion, aphasia, pseudobulbar palsy, brainstem syndromes, cranial nerve palsies, hemi-
plegia, cerebellar syndromes, myelopathy, and mononeuritis multiplex may be seen. 

NB was seen in 9.5% of patients in Iran (CI: 0.9), in 11% in Japan, in 2.2% in
Turkey, in 5.7% in Korea, in 14% in Morocco, and in 31% in England (Table 1). If
headache is set aside, the frequency of NB in Iran decreases to 3.1% (CI: 0.5). 

A prospective study done in 1989 in Turkey on 323 patients followed for 1 year
[37] showed an incidence of 14.2% (headache included). Patients with headache had
no other neurological symptoms. Patients with neurological symptoms who could be
classified as NB were only 5.3%. 

Another prospective study was done in Iran in 1992 [38]. The study design was
different from the Turkish study. In Iran study, 261 consecutive new patients referred
to the Behçet’s Clinic were evaluated. Among them 161 were classified as BD. The
remaining 100 patients didn’t have BD, although they were mimicking it. They were
classified as control patients and were used in the study for comparison purpose.
Headache was seen in 37% of BD patients and 43% of control patients. The headache
was of tension type in 57%, vascular type in 28.5%, associated with attacks of mouth
ulcers in 12%, and with attacks of uveo-retinitis in 1.5% of BD patients. The differ-
ence with the control group was not statistically significant. Minor neurological symp-
toms were seen in both groups with no significant difference. Major neurological
symptoms were not seen in this group of patients who were at the beginning of their
disease. Time and disease progression is important for neurological manifestations to
appear. The Iran survey demonstrates that NB is extremely rare as the initial manifes-
tation of BD. Usually it appears several months or years after its onset. Neurological
manifestations are essentially due to the vasculitis of BD although other causes may
be implicated [38]. Computed tomography scans were of little help for the diagnosis
[37] and showed the same images in BD and control patients [38].

A retrospective study on 200 patients with NB [39] showed that 81% of patients
had parenchymal involvement (hemispheric, brainstem, spinal cord), and 19% non-
parenchymal involvement. The major manifestations in the first group were pyramidal
signs, hemiparesis, behavioral changes, and sphincter disturbance. In the second
group it was raised intracranial pressure due to dural sinus thrombosis. 

GASTROINTESTINAL (GI) MANIFESTATIONS 

They are not rare. Classically they are produced by aphthous ulcers of the intestinal
tract, which may be situated on every part of it. GI manifestations were seen in 8.1%
of patients in Iran (CI: 0.8), in 15.5% in Japan, in 2.8% in Turkey, in 4% in Korea, and
in 7% in England (Table 1).
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The classical form of GI manifestations is the ulceration of the ileo-caecal region
with symptoms varying from abdominal pain, diarrhea or constipation, proctorrhagia,
to acute abdomen due to perforation of ulcers. However, ulcers are not localized only
at the 2 extremities of the digestive tract. Ulcers can be seen all along the digestive
tract with various clinical symptoms [40]. Dysphagia, retrosternal pain, and hemate-
mesis are due to esophageal ulcers. Gastritis, peptic ulcers, abdominal pain, and di-
arrhea may be due to stomach and small intestine ulcers. Large intestine may also have
ulcers, from the cecum and the ascending, transverse, and descending colon, to sig-
moid, rectum and anus. The association of BD and ulcerative colitis has been reported. 

Gastroduodenitis was seen in 3.1% (CI: 0.5) of patients in Iran, peptic ulcers in
1.6% (CI: 0.4), diarrhea in 2% (CI: 0.4), proctorrhagia in 0.8% (CI: 0.3), and abdom-
inal pain mimicking surgical abdomen in 1.8% (CI: 0.4) of patients.

A prospective colonoscopic study of 46 consecutive BD and 27 Rheumatoid Ar-
thritis (RA) patients [41] didn’t demonstrate a significantly difference for the occur-
rence of lower intestinal involvement in them. However, aphthous ulcers were
significantly more frequent in BD than in RA (26.1% versus 3.7%). 

The main differential diagnosis of lower intestinal lesions is with Crohn’s disease.
Both have the same ulceration. However colonoscopic study of 94 BD patients with
lower intestinal involvement and 67 Crohn’s disease showed that ulcers in BD were
usually round or oval, while in Crohn’s disease they were mainly longitudinal. In case
of a longitudinal ulcer, if it has a focal distribution it is mainly BD, otherwise (seg-
mental or diffuse distribution) it is Crohn’s disease [42]. 

VASCULAR INVOLVEMENT 

They were seen in 8.4% of cases in Iran (CI: 0.8), in 8.9% in Japan, and in 16.8% in
Turkey. They include arterial and venous involvement. 

Arterial involvement includes thrombosis, aneurysms, and pulse weakness. They
are rarely seen and all reports are unanimous on its rarity, except for Saudi Arabia with
a rate of 18%. In Iran arterial involvement was seen in 20 patients (0.5% of patients,
CI: 0.2). Arterial thrombosis was seen in 3 patients, aneurysm in 17 patients, and pulse
weakness in 3 patients (lesions were cumulative, a patient could have more than one
kind of lesion). 

Deep vein thrombosis (DVT) is the main feature. It was seen in 6% of patients in
Iran (CI: 0.7), in 8.9% in Japan, in 10.6% in Turkey, in 19.2% in Morocco, and in 22%
in England. Symptoms and the outcome are the same as in phlebitis of other origin,
but in BD phlebitis has more tendency to recur. Superficial phlebitis, although rare, is
one of the characteristics of BD. It is segmental, appearing as a subcutaneous longitu-
dinal swelling. It is transient, like the majority of BD symptoms, disappearing in a few
days. Superficial phlebitis was seen in 2.3% of patients in Iran (CI: 0.4). Large vein
thrombosis is seen less frequently than phlebitis. It involves mainly superior and
inferior vena cava, but may also involve mesenteric, portal, hepatic, splenic, iliac,
femoral, subclavian, and axillary veins. Clinical symptoms will vary depending on the
site of thrombosis. Large vein thrombosis was seen in 0.9% of patients in the Iran (CI:
0.3).
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If clinically vascular involvement is not very frequent in major reports, a system-
atic evaluation of 100 patients [43] with high resolution color duplex sonography in
association with other techniques showed 79% vascular involvement (63% arterial
involvement, 55% venous manifestations, and 39% both). Major arterial lesions were
present in 33% and minor lesions in 48% of patients.

PULMONARY MANIFESTATIONS 

These manifestations have different etiology; vasculitis, embolism, fibrosis, pleurisy,
and infection. Although rare, pulmonary manifestations were the leading cause of
death in BD, especially pulmonary vasculitis. Thirty-two cases (0.7%) were seen in
Iran survey (CI: 0.2). Vasculitis was seen in 8 patients, fibrosis in 3 patients, embolism
in 4 patients, pleurisy in 6 patients, infection in 12 patients, and other lesions in 7
patients.

CARDIAC MANIFESTATIONS 

They are as rare as pulmonary manifestations. They were seen in only 20 cases in Iran
(0.5%, CI: 02). Angina pectoris was seen in 4 cases, myocardial infarction in 4 cases,
murmur in 7 cases, heart failure one case, and pericarditis in 5 cases. Multiple case
reports can be found in the literature on cardiac manifestations describing every form
of cardiac involvement. 

A study on 30 cases of BD and 30 control patients [44] showed a higher incidence
of mitral valve prolapse (50%) and proximal aorta dilatation (30%) in BD patients
than in controls (6.6% and 0%). The difference was statistically significant. In another
study 104 BD and 144 control patients were studied in a double blind case control
study [45]. There was no statistically significant difference between cardiac symptoms
and signs, ECG abnormalities, chest X-ray, and echocardiography abnormalities. Mi-
tral valve prolapse was seen in 27% of BD patients and 17% of control patients
(difference not significant). 

ORCHITIS, EPIDIDYMITIS 

They were seen in 5.8% of patients in Iran (CI: 0.7), and 6% in Japan. They were seen
with much higher incidence (up to 28%) in some reports (Table 1). They have a low
tendency for recurrence. The attack of epididymitis may be a painful or a painless
swelling, lasting few days or weeks. The attack of orchitis is painful and affects both
testicles.
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RENAL MANIFESTATIONS

Urinary abnormalities are not frequent in BD. They are usually transient, but may
become chronic in some cases. They were seen in 10.3% of cases in Iran (CI: 0.9).
Proteinuria was seen in 2.2% (CI: 0.4), hematuria in 4.7% (CI: 0.6), leukocyturia in
5.5% (CI: 0.7), and cast in 0.3% (CI: 0.2) of cases. In 13 patients urinary abnormalities
became chronic necessitating kidney biopsy. WHO type II was found in 3 cases, type
III in 6 cases, and type IV in 4 cases. 

One of the patients who had a WHO type III glomerulonephritis underwent a
second kidney biopsy two years after the first one, due to aggravation of renal symp-
toms. Amyloidosis was discovered on the histology. Amyloidosis has been reported
with much higher frequency from Turkey [46–47]. Since amyloidosis is exceptional
in Japan and Iran, and considering that amyloidosis is very frequent as an inherited
disease in Turkey, it may be concluded that the Turkish cases of BD and amyloidosis
may be a fortuitous association of the two.

A case of renal transplant for an end stage WHO type IV glomerulonephritis was
reported with a successful outcome at 28 months after the transplantation [48]. 

HEPATOSPLENOMEGALY

It was rarely seen; only in 22 patients in Iran (0.6%, CI: 0.2). 

OVERLAP

An association with another disease may be seen. It may be difficult to find a relation-
ship between the two entities. The association may be just fortuitous. An overlap or
association was seen in 74 patients in Iran (1.7%, CI: 0.4). 

LABORATORY FINDINGS 

Erythrocyte Sedimentation rate (ESR) was normal in 41.2% of cases in Iran (CI: 1.5).
ESR from 20 to 50 mm was seen in 34.3% (CI: 1.4), between 50 and 100 mm in 15.3%
(CI: 1.1), and superior to 100 mm in 1.5% (CI: 0.4) of patients. 

Pathergy test was positive in 59.5% of patients in Iran (CI: 1.5%), in 44% in Japan,
in 57% in Turkey, in 40% in Korea, in 68% in Morocco, and in 32% in England. The
rate of positive tests depends on the technique and the definition of the positive
reaction. We use a set of 3 tests. 25-gauge needle with the intradermal injection of 1
drop serum saline, 25-gauge needle alone (no injection), and 21 gauge needle. The
reaction is read 24 hours later. A papule formation at the site of the needle puncture
with a surrounding erythema is required for positive reaction. The degree of reaction,
which will classify the pathergy test as positive, is not standardized. Therefore the
percentage of positive reaction differs from one report to another. Despite this, it
seems that in western countries, especially in England and in the USA, the frequency
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of positive reaction is low. Beside the classical papulo-pustular reaction, in some
patients a circular hemorrhagic reaction was noted. The hemorrhagic circle was cen-
tered by the needle prick, while the border of the circle was sharp [49]. In that study,
the sensitivity of the pathergy test was 60.3%, the specificity was 86.7%, and the
accuracy was 73.5%. The sensitivity of the circular hemorrhagic reaction was 12.3%
and the specificity was 98.2% while the accuracy was 55.2%.

DISEASE CLASSIFICATION

The percentage of patients in Iran classified by different sets of diagnosis criteria
were: Mason & Barnes criteria 69%, O’Duffy criteria 74%, International criteria 84%,
Dilsen criteria 88%, Japan criteria 89%, Iran criteria (traditional format) 94%, and the
Classification Tree 97%. Classification Tree (Fig. 1) has the best accuracy among
other diagnosis criteria [50]. The accuracy of the International criteria was low. A
recent study performed in China, in Iran, and in Korea on a standardized protocol
confirmed the low sensitivity and the low accuracy of the International criteria versus
Classification Tree [51]. The same was demonstrated in Russia [52] and USA [53].

DISCUSSION

The comparison between Japan and Iran surveys demonstrates some differences: In
Japan survey there was a higher incidence for genital aphthosis (+8%), skin manifes-
tations (+15%), ocular symptoms (+13%), joint manifestations (+21%), G.I. manifes-
tations (+8%), and neurological manifestations (+8%). The difference may be due to
differences in patients’ selection, although racial differences cannot be ruled out. In
Japan survey the patients selection was done by questionnaires sent to randomly

Figure 1 Classification Tree for diagnosis of Behçet’s Disease.
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selected hospitals and the diagnosis was based on Japan criteria. This kind of selection
may discard milder forms of the disease, increasing subsequently the percentage of all
symptoms. For the Iran study all diagnosed patients all over Iran were included in the
study and the diagnosis was not limited to a specific diagnosis criteria. The selection
method in Iran permits the inclusion of mild forms of Behçet’s Disease.

An analysis of BD in Turkey, Iran, Tunisia, Japan, and Korea led Dilsen [54] to
the same conclusion (methodological, genetical, and environmental factors). 

CONCLUSION

Behçet’s Disease is a systemic disease with various manifestations. It progress by
attacks and remissions. Lesions usually heal without sequela, except for eyes, brain,
and vascular system. The main manifestations are muco-cutaneous. The major cause
of morbidity is the ocular lesion, which leads to severe loss of vision or blindness. 
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4. Ocular Manifestations 
in Behçet’s Disease

ABSTRACT

Introduction: Behçet’s disease (BD) is a multisystem vasculitis (affecting both arter-
ies and veins) of unknown origin, which is most prevalent in Mediterranean countries
and Japan.

Ocular manifestations: Ocular involvement, frequently termed ocular BD, occurs
in 60–80% of patients on average 4 years after disease onset. The primary manifesta-
tion in 50% to 87% of the BD patients may be unilateral and occurs most often as an
anterior uveitis, the classic finding is a hypopyon-iritis, but later on, in most of the
cases bilateral panuveitis with a chronic relapsing course is present. The essential
finding of the posterior pole changes in patients with ocular BD is an occlusive,
necrotizing, retinal vasculitis in the posterior pole.

Prognosis of visual acuity/Treatment: Visual loss is mainly caused by the occlu-
sive retinal vasculitis. Despite immunosuppressive therapy various studies have
shown a bad prognosis for the visual outcome in patients with BD. This suggests the
necessity for new therapeutic approaches in the therapy of BD. Interferon-a has been
shown to be effective in BD patients with panuveitis and retinal vasculitis.

Conclusion: Several studies revealed, that Interferon-a may be superior to the
standard immunosuppressive treatments, with a quick anti-inflammatory action and
restoration of visual acuity.

KEYWORDS: Behçet’s disease; ocular manifestations; anterior uveitis; posterior
uveitis; retinal vasculitis

INTRODUCTION

Behçet’s disease (BD) is a multisystem vasculitis (affecting both arteries and veins) of
unknown origin, which is most prevalent in Mediterranean countries and Japan. Its
main features are oral and genital aphthous ulcers, skin manifestations such as ery-
thema nodosum, papulopustules or leukocytoclastic vasculitis, oligoarthritis, periph-
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eral vascular manifestations such as thrombophlebitis, thrombosis, aneurisms,
neurological and ocular manifestations. The disease is associated with HLA B51 in
50–70% of the patients [1].

OCULAR MANIFESTATIONS

Ocular involvement, frequently termed ocular BD, occurs in 60–80% of patients on
average 4 years after disease onset [1–4]. It is the inital symptom in 10% to 20% of
the patients [1,3,4]. Recurrences are common and the recurrent attacks of ocular
inflammation lead to severe, permanent ocular damage unless effective treatment is
instituted. Each attack damages the eye, therefore loss of sight occurs in affected BD
patients (4). The reported frequency of ocular involvement in cases of BD is 83% to
95% in men and 67% to 75% in women (4). The disease is more severe in men, and
bilateral disease occurs in 80% of patients. 

The primary manifestation in 50% to 87% of the BD patients may be unilateral and
occurs most often as an anterior uveitis, but later on, in two thirds of the cases bilateral
panuveitis with a chronic relapsing course is present [1–5]. 

Nongranulomatous inflammation with necrotizing obliterative vasculitis may be
found either in the anterior or the posterior segment, or, more commonly, in both.

Anterior uveitis may be the only ocular manifestation in BD patients. Anterior
uveitis is an inflammation, which is limited to iris and to the vitreous. The synonym
of anterior uveitis is iridocyclitis [6]. In the literature, the classic finding in BD pa-
tients, is an anterior uveitis described as occuring together with hypopyon (accumula-
tion of lymphocytes in the anterior chamber) (Fig. 1) in 30% of cases [1,3,5].
Nowadays, iridocyclitis occurs mostly in isolation, which is probably due to earlier
and more aggressive treatment, which has resulted in dampening inflammatory re-
sponses.

The inflammatory response in the anterior chamber in BD is nongranulomatous
nature. The patients often complain of redness, periorbital pain, photophobia, and
blurred vision. Slit-lamp biomicroscopy examination reveals conjunctival injection,
ciliary flash in the perilimbal region, cells and flare in the anterior chamber, and fine
keratic precipitates. 

In eyes with severe iridocyclitis, in which hypopyon is not seen by direct slit-lamp
examination, a small layering of leucocytes can be observed in the angle by goniosco-
py. This is termed angle hypopyon. 

The anterior uveitis may resolve spontaneously over 2 to 3 weeks even if therapy
is not instituted. It is explosive in nature, appearing very rapidly. Some patients with
BD may change form feeling perfect one moment to having severe inflammation 2
hours later. However, this anterior segment inflammation may not be accompanied by
posterior segment involvement. 

Structural changes of the anterior portion of the eye, including posterior synechiae,
iris atrophy, and peripheral anterior synechiae, may develop during the course of
repeated ocular inflammatory attacks. The presence of peripheral anterior synechiae
or iris bombe’ from pupillary seclusion may lead to secondary glaucoma. Neovascu-
larisation of the iris can occur as a result of posterior segment involvement (4).
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Uncommon anterior segment findings are conjunctivitis with or without subcon-
junctival hemorrhage, episcleritis or scleritis, keratitis, and rarely, extraocular muscle
paralysis [1,2,6].

Changes of the posterior segment include white cell infiltration of the vitreous
body, ranging from a moderate number of cells suspended on the vitreous fibrils to a
dense plasmoid reaction with sheets of inflammatory cells, especially during the acute
phase. An isolated vitreous inflammation is not characteristic of BD. 

The essential finding of the posterior pole changes in patients with ocular BD is an
occlusive, necrotizing, retinal vasculitis in the posterior pole (4). In most of the pa-
tients retinal vasculitis occurs mainly affecting the retinal veins, which is pathogno-
monic for BD as it is the only systemic vasculitis affecting small and medium sized
arteries and also veins. Other typical findings are venous and capillary dilation with
engorgement. Involvement of the retinal vessels in the form of acute periphlebitis or
thrombangiitis obliterans may lead to massive retinal (Fig. 2) and vitreous hemorrhage
(4). Patchy perivascular sheathing (Fig. 3) with inflammatory whitish yellow exsu-
dates surrounding retinal hemorrhages (Fig. 4) may be seen. They usually accumulate
in the deeper retinal layers during acute episodes, while the overlying retina shows
turbidity and edema. Retinal edema is present in 10% to 20% of the cases, especially
in the macula (4). Retinal atrophy frequently is present afte the retinal exsudates and
hemorrhage resolve, offering stark testimony to the prior ischemia. Sheathing of the
veins often precedes sheathing of the arteries.Choroidal vascular involvement occurs
as well, and choroidal infarcts are probably more common than is generally appreci-
ated (4).

Severe vasculitis may lead to ischemic retinal changes because of vascular occlu-
sion. This vascular occlusion causes tissue hypoxia, which stimulates the growth of
new vessels of the optic disc (Fig. 7) or elsewhere. These neovascularizations can
rupture and bleed causing the vitreous cavity to fill with blood. Bleedings into the
vitrous can lead to organization with membrane formation. These membranes may
contract and pull the retina, causing retinal wholes with subsequent retinal detach-
ment.

The optic nerve is affected in at last one fourth of BD patients (4). Hyperemia of
the optic disc with blurring of the margins (papillitis) is the most frequently observed
lesion of the optic nerve (Fig. 5). Papilledema is not frequent, but it may occur as a
result of microvasculitis of the arterioles supplying the optic disc (4).

Repeated inflammatory bouts are the major concern, with the most vision-robbing
pathology located in the posterior pole, with fibrotic, attenuated retinal arterioles,
narrowed and occluded “silver-wired” vessels, a variable degree of chorioretinal
scars, retinal pigment epithel alternations, and optic nerve atrophy (Fig. 6) being the
consequenses of repeated inflammatory attacks (4).

COMPLICATIONS

Due to the inflammatory changes in the anterior segment, development of secondary
cataract and secondary glaucoma are possible [1,2].
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In the posterior segment obstruction of the retinal veins and arteries, due to retinal
vasculitis, may lead to neovascular glaucoma, to optic and retinal atrophy (Fig. 6),
degenerative macular changes, e.g. macular hole, retinal neovascularization (Fig. 7),
retinal detachment, and finally to phtisis of the eye [2]. 

PROGNOSIS OF VISUAL ACUITY / TREATMENT

Visual loss is mainly caused by occlusive retinal vasculitis involving superficial cap-
illaries of the retinal periphery, macula and the optic disc. To date, treatment of BD is
based on steroids, colchicine, and immunosuppressive drugs (azathioprine (AZA) and
cyclosporin A (CSA)) [1–8,11]. Despite immunosuppressive therapy various studies
have shown a bad prognosis for the visual outcome in patients with BD: on average,
after 5–10 years, visual acuity is ≤ 0.1 in 50% to 74% of patients [2–5]. In one French
study, from Coucherau and Massin in 1992 [1], visual acuity was impaired to ≤ 0.1 in
only 16% of patients after an observation period of 6 years. But these promising
results were achieved with high doses of immunosuppressive drugs (e.g. CSA 10mg/
kg bw per day), which in the longterm could cause unacceptable side effects such as
renal insuffiency and secondary neoplasia.

This suggests the necessity for new therapeutic approaches in the therapy of BD.
Interferon-a has been shown to be effective in BD patients with panuveitis and

retinal vasculitis [9–12]. From 1994 to now our group has treated 50 patients with
severe ocular involvement (panuveitis/posterior uveitis/retinal vasculitis) with IFN-
a2a [13]. The mean observation period was 26 months. The mean posterior uveitis
score (BenEzra et al. [13]) fell by 46% every week (p<0.001), visual acuity rose from
0.56 to 0.84 at week 24 (p<0.0001) (Figs. 7 and 8) (see chapter 19).

Figure 1 Acute Iridocyclitis with Hypopyon in a BD patient.
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Figure 2 BD patient with a massive retinal hemorrhage due to a temporo-inferior venous
branch occlusion. 

Figure 3 Yellowish-white perivascular sheathing and narrowing of the retinal veins in a BD
patient.
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Figure 4 Inflammatory whitisch exsudates, the upper one is surrounding a retinal hemorrhage,
on the posterior pole of a patient with BD.

Figure 5 Acute Papillitis.
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Figure 6 Fundus of a BD patient after multiple inflammatory attacks: narrowed and occluded
“silver-wired” vessels, chorioretinal scars, retinal pigment epithel alternations, and
optic nerve atrophy. Visual acuity: handmovement.

Figure 7 Neovascularizations of the optic disc, macular bleeding and edema, and dilated veins
due to an acute inflammtory bout under therapy with Cyclosporin  A. Visual acuity: 0.2.
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CONCLUSION

In 60% – 80% of patients with BD, ocular involvement occurs on average 4 years after
disease onset. The presenting symptom is anterior uveitis, but later on, in most cases,
a bilateral panuveitis with a chronic relapsing course is present [1–5]. Visual loss is
mainly caused by occlusive retinal vasculitis involving superficial capillaries of the
retinal periphery, macula and the optic disc.

Despite immunosuppressive therapy, various studies have shown a bad prognosis
for visual outcome in patients with BD [1–5]. Several studies revealed that IFN-a is
effective in ocular BD [9–11,13] and it may be superior to the standard immunosup-
pressive treatments, with a quick anti-inflammatory action and restoration of visual
acuity.
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ABSTRACT

Vasculitis is the immuno-histological hallmark of Behçet’s disease and wide spread
vasculitis characterizes the pathologic process. The ocular changes reflect a chronic,
recurrent inflammatory process involving arterioles, venules and capillaries compli-
cated by sequelae of inflammatory cell mediated tissue damage. The short-lived
nature of the various lesions in Behçet’s disease makes documentation of immuno-
pathologic alterations most challenging.

KEYWORDS: Vasculitis; cell mediated immunity; retinal damage; hypopyon;
visual loss

INTRODUCTION

Although Behçet’s disease was originally described as a triad of recurrent oral and
genital ulcerations along with hypopyon-iritis, the scope of the disease has widened
over the years to encompass a spectrum of multiorgan involvement with variable man-
ifestations. Hypotheses have been proposed as to its etiology, foremost of which is that
an environmental insult triggers the disease in genetically predisposed individuals with
the ensuing inflammatory disorder [1,2]. The role of HLA-B5 and its subtype HLA-
B51 in the pathogenesis of Behçet’s has been extensively investigated [3,4]. The high
prevalence of HLA-B5 is most marked among patients living in countries located
between latitudes 30º and 45ºN [5], otherwise known as the Old Silk Route.

Microorganisms have been implicated as possible triggers of Behçet’s disease due
to its geographic distribution and varied manifestations in these areas [6,7]. Studies
have mainly focused on herpes simplex virus (HSV-1) and Streptococcus (notably S.
sanguis), but no definitive mechanism has been documented. Other organisms such as
Hepatitis C virus and Parvovirus B 19 have also been studied but without establishing
any causative correlation with the disease [3]. Results of microbial studies led to
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investigations of pervasive antigens, as the heat shock protein (HSP), which are able
to initiate cross-reactive immune responses [8]. However, its pathogenetic role has yet
to be resolved [3].

Organic compounds and trace minerals as chloride, copper and phosphorus have
also been implicated in the development of the disease. Several studies have reported
elevated levels of these compounds in the inflammatory cells, vascular endothelial
cells, ocular tissues, and peripheral nerves of patients with the disease [9]. It has,
however, not been determined if these elevations are a primary or secondary reaction
to the ongoing inflammation.

IMMUNOPATHOLOGY

Vasculitis is the histopathologic hallmark of Behçet’s disease. The characteristic fea-
ture of the active or acute inflammatory phase lesions is perivascular neutrophilic
infiltration, along with scattered mononuclear cells [7,8,17]. Tissue injury is believed
to be due to these neutrophils, which were observed to have enhanced chemotaxis,
increased superoxide and lyzosomal production [8]. Perivascular lymphocytic and
plasma cell infiltration are seen during remission [7].

Microbial antigens have been postulated to incite HSP with the consequent activa-
tion of macrophages [1] and stimulation of T-cells resulting in the production of
interleukin-2 (IL-2), interferon-g (IFN-g), and tumor necrosis factor (TNF) [10]. The
process likewise induces B cell proliferation. IL-2 is believed to augment IFN-g
production. IFN-g regulates antigen presentation and activates the release of TNF-,
IL-1, and IL-8. These factors, in turn, stimulate the expression of adhesion molecules
on the vascular endothelial cells [3]. IL-8 being a chemoattractant [7] causes recruit-
ment of neutrophils. Increased levels of IL-8 were found in patients with active dis-
ease, and the elevated level of this cytokine has been considered as a marker for
disease activity [1].

Immunopathologic studies of both skin [7] and conjunctival [11] biopsies of pa-
tients with Behçet’s disease revealed increased levels of CD4+ T-cells and marked
expression of HLA-DR+, endothelial leukocyte adhesion molecule-1 (E-selectin), and
intercellular adhesion molecule-1 (ICAM-1) with absence of the vascular cell adhe-
sion molecule-1 (VCAM-1). E-selectin is an adhesion molecule involved in the pre-
liminary entrapment of neutrophils from the circulation to the endothelium. ICAM-1,
belonging to the immunoglobulin superfamily adhesins, brings about the firm leuko-
cyte adhesion to the endothelium and controls leukocytic tissue migration [11].

gd-T cells have been observed to be elevated in neuro-Behçet’s patients and those
with mucocutaneous lesions. However, their exact role is unclear. They may be re-
sponsible for cytokine production related to disease development [7]. Natural killer
cells in peripheral blood of patients with active disease have been found to be in-
creased, but with a decreased killing activity. This is thought to be related to the
release into the circulation of immature forms of these cells [12].

Focal aggregates of B-lymphocytes, plasma cells, C3 and immunoglobulins (IgG
and IgA) have been observed in ocular immunohistochemical studies [13, 14]. Circu-
lating immune complexes have been implicated in the multisystem characteristic of
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the disease [15]; however, deposits of such complexes were occasionally observed in
the renal lesions, episcleral, and some choroidal veins [14, 16].

ORAL ULCERS

Oral ulcers are considered the defining characteristic of this disease and are usually an
initial symptom [6]. These painful ulcers occur in nearly every patient at some time
during the clinical course. They can affect any part of the mouth but are found most
commonly on the tongue, gingiva, labial and buccal mucosa. A typical lesion starts as
a round, slightly raised erythematous area, which ulcerates in 1–2 days. It has a gray
or yellow pseudomembranous surface with a necrotic white base bounded by a distinct
erythematous halo. Healing occurs from 3–30 days, with or without scarring and
recurrences are common.

Histologically, the area of the lesion exhibits eroded epidermis with dermal infil-
tration of neutrophils, lymphocytes and monocytes, particularly around the small
vessels [16]. These vessels show intravascular aggregates of neutrophils with endothe-
lial cell swelling, and fibrinoid necrosis surrounded by a mixed perivascular infiltrate
of acute and chronic inflammatory cells [3].

GENITAL ULCERS

Genital ulcers are morphologically similar to oral ulcers, but are fewer, larger, deeper,
more persistent and slower to heal. They are painful and recur less often than oral
ulcers. These ulcers are commonly seen on the scrotum of males and the labia of
females, but can occur in other genital parts. Histologically, these genital ulcers show
features, which are virtually identical to those observed in oral ulcers.

CONJUNCTIVAL ULCERS

On rare occasions, patients with Behçet’s may develop conjunctival ulcers. These
morphologically show features of mixed inflammatory cell infiltration and prominent
endothelial cells. Immunophenotypically the infiltrates constitute primarily CD4+ T-
cells. CD3+, CD67+ granulocytes, HLA-DR+, and adhesion molecules E-selectin and
ICAM-1 have also been documented [11].

SKIN LESIONS

Skin lesions can be grouped into two types, the papulopustular/acneiform/pseudo-
follicultis lesions and erythema nodosum-like lesions. Recurrences are common. The
most common skin lesions are the acneiform lesions. These lesions are usually seen in
males, and are sterile. They can arise at any site but are commonly seen on the back,
face, and neck along the hairline. They are morphologically similar to adolescent acne
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[6], and can be seen in patients receiving corticosteroids [8]. These lesions are histo-
logically viewed as leukocytoclastic vasculitis [16], which is characterized by poly-
morphonuclear leukocyte (PMNs) infiltration of small blood vessel walls, fibrinoid
necrosis of the vessel walls, and fragmentation of the infiltrating leukocytes. Endothe-
lial cell necrosis or hyperplasia [3] can also be observed. Pustular vasculitis and
Sweet’s-like vasculitis have been described.

Erythema nodosum-like lesions are painful, common in females, usually involving
the legs, and resolve spontaneously leaving hyperpigmented areas. Histologically,
focal small vessel vasculitis, perivascular lymphocytic and mononuclear infiltration,
vascular wall fibrin deposition, endothelial cell swelling, dermal and subcutaneous
inflammation can be seen [16]. These lesions, unlike the classic erythema nodosum,
do not usually form histiocytic granulomas. Other typical findings include perivascu-
lar lymphocytic infiltration, phlebitis, lymphoid aggregates, and some fibrosis [3].

The pathergy test is used for assessing skin hyperreactivity, illustrating undue sub-
acute inflammatory response to non-specific injury [17]. PMNs appear at the site of
trauma in 6–12 hours, and at 24 hours there is significant infiltration of these cells as
well as mononuclear and mast cells [16]. In addition, perivascular mononuclear cells
are also observed in the deep dermis [3].

VASCULAR LESIONS

Widespread vasculitis characterizes the pathologic process of Behçet’s disease. In-
volved vessels can be of any size in either arterial or venous systems, with frequent
involvement of small vessels. It tends to occur in the early stages of the disease and is
usually seen in men. Morbidity and mortality in Behçet’s disease are attributed mainly
to these lesions [1]. The most common venous lesion is recurrent superficial throm-
bophlebitis or deep vein thrombosis, which can give rise to thrombotic venous occlu-
sion. Histologically, the obstructed veins may exhibit organized thrombi along with
vessel wall lymphocytic infiltration and intimal fibrosis [16].

Arterial occlusion, though less frequent than venous, can involve any part of the
arterial system. Thrombosis or stenosis may give rise to these obstructions. Histolog-
ically, the occluded vessel exhibits fibrous thickening of the media and intima [16].
Arterial aneurysm, involving the large arteries, is more common than occlusion, but
they can coexist [16,17]. These changes are believed to be due to vasculitis, but may
also result from trauma as a consequence of an invasive procedure. Prognosis is poor
mainly because of the risk of rupture. Histologic examination reveals thickening of the
intima, internal elastic lamina disruption, splitting and loss of the media elastic fibers,
loss of the media muscle fibers and fibrosis of the adventitia. Proliferation of the vasa
vasorum, along with lymphocytic, plasma cell, and PMNs infiltration are also noted
[16,18].
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CARDIAC LESIONS

Cardiac manifestations can be due to myocardial, pericardial, or endocardial involve-
ment. Myocardial involvement is manifested histologically as degeneration of the
myocardial fiber with mononuclear cell infiltration. Pericardial involvement is often
seen during acute exacerbations. Histologic examination reveals granulation tissue
displaying a mixed PMNs and mononuclear cell infiltration [16].

Endocardial involvement may vary from small vegetations on the valvular mar-
gins, to scarred perforated leaflets. Histologic manifestations depend on the disease
stage. Vascularization, fibrin deposition, myxoid degeneration, and intense neu-
trophilic, lymphocytic, and macrophagic infiltration can be seen during the acute
stage. Later, the infiltrate is mainly mononuclear with scanty neutrophils. Nonspecific
valvular fibrosis can occur in more chronic cases [16]. Coronary arteritis, coronary
artery aneurysms, and myocardial fibrosis have occasionally been observed [3].

PULMONARY LESIONS

Patients with pulmonary vasculitis typically present with hemoptysis. The vasculitis
may be transmural mainly involving the large muscular arteries, mostly with a lym-
phocytic infiltrate [16]. The vasculitis can result in thrombosis, elastic lamina destruc-
tion, arterio-bronchial fistula, and aneurysm. [3].

GASTRO-INTESTINAL LESIONS

Gastrointestinal lesions are manifested primarily by ulceration at any point along the
tract. PMNs, mononuclear, and lymphoplasmocytic infiltration, damage of the surface
epithelium, and loss of goblet cells and crypts have been documented [3]. Esophageal
ulcers reveal eroded mucosa, mixed inflammatory infiltrate in the submucosa, and
granulation tissue at the ulcer base. Gastric ulcers show chronic inflammatory infil-
trate of the lamina propria. Perforated ulcers may exhibit necrosis, hemorrhage, and
perivascular mixed inflammatory infiltrate in the muscularis [16]. The ileo-cecal re-
gion is the typical site for the occurrence of gastrointestinal ulcers. Histologically,
these and other intestinal ulcers show transmural inflammation made up of lym-
phocytes and destroyed submucosal connective tissue. A mixed inflammatory cell
infiltrate is seen at the ulcer base [16].

NEUROLOGICAL LESIONS

Neurological involvement, known as Neuro-Behçet’s, is generally associated with
mortality in this disease [2]. It can involve any part of the nervous system and follows
a variable course characterized by remissions and exacerbations. The main manifesta-
tions involve the brainstem and the pyramidal tract. Motor symptoms are more com-
mon than sensory. Seizures and headaches are also seen. The observed changes point
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to a non-specific inflammatory and degenerative disease, with neither selective nerve
cell degeneration nor primary vascular changes [18].

The initial lesion is believed to be focal leukocytic infiltration, associated with
perivasculitis and fibrinoid necrosis. Chronic lesions may exhibit perivascular and
meningeal lymphocytic, plasma cell and macrophage infiltration. Perivascular fibro-
sis, parenchymal foamy cell infiltration, axonal degeneration and demyelination as a
result of nerve fiber and myelin sheath destruction have been observed [16].

MUSCULOSKELETAL LESIONS

Muscle involvement in Behçet’s disease has been classified into three types. The first
type of muscle pathology exhibits muscle fiber degeneration, necrosis, and perivascu-
lar mononuclear and PMNs infiltration. The second type is neurogenic muscular atro-
phy wherein the muscle fibers are small, angulated and atrophic, associated with
perivascular mononuclear cell infiltration. The third type shows normal histochemical
profiles but with abnormal electron microscopy findings such as capillary basement
membrane thickening, decrease in the lumen caliber, myofilament disorganization,
and myofibrillary loss [16].

Skeletal involvement is typically self-limiting, non-deforming, monoarticular or
oligoarticular disease predominantly affecting the knees. Histologically, the synovial
superficial cell layer may be destroyed and replaced by inflammatory granulation
tissue made up of lymphocytes, macrophages, PMNs, and fibroblasts [16]. Dilated
venules and fibrin thrombi may be observed.

RENAL LESIONS

Different types of glomerulonephritis have been described including focal prolifera-
tive and necrotizing glomerulonephritis with patchy acute tubular necrosis, diffuse
proliferative glomerulonephritis with epithelial cell crescent formation, rapidly pro-
gressive glomerulonephritis, and focal necrotizing glomerulonephritis. 

Immunofluorescent studies reveal deposition of IgG, IgA, IgM, fibrinogen, and
C3. Amyloid deposit in the glomerular basal lamina, causing nephrotic syndrome, has
also been reported [16].

OCULAR CHANGES

Ocular involvement is regarded as the principal cause of serious morbidity in Behçet’s
disease [2]. It presents with various symptoms ranging from decrease in vision, float-
ers, pain, tearing, and photophobia to generalized eye redness. [8]. Onset is rapid;
episodes are recurrent and explosive [6,17], lasting between 1–4 weeks, and usually
resolving spontaneously. These repeated attacks, however, can lead to irreversible
structural alterations, which can result in visual loss [8]. Visual loss occurs in 25% [6]
of patients, approximately 5 years from onset of the ocular inflammation. Ocular
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involvement is the initial manifestation in 10–20% [3,6] of patients, and typically
presents within the first 2–3 years from the onset of the disease [2,6]. It is more severe
in men and is bilateral in 80% of patients [3].

The uvea and the retina are the usual sites of ocular involvement. Anterior segment
lesions manifest as granulomatous or nongranulomatous iridocyclitis (Fig.1) with or
without hypopyon [3]. Other anterior segment lesions include conjunctivitis, conjunc-
tival ulceration, subconjunctival hemorrhage, keratitis, corneal ulceration, episcleritis,
scleritis, and eyelid lesions. Retinal damage is characterized by vasculitis, vessel
occlusion with accompanying hemorrhage, exudative lesions, edema, and neovascu-
larization of the retina [6]. Vitreous inflammation and cystoid macular edema are also
noted. Occlusive vasculitis can lead to infarction, necrosis, and atrophy of the retina,
central or branch retinal vein occlusion, optic nerve atrophy and eventual phthisis
bulbi may occur [2,19].

Ocular histopathologic findings are diverse. The most consistent finding is the
marked intra-ocular vasculitis or specifically, the occlusive necrotizing nongranulo-
matous vasculitis and perivasculitis [2], most prominent in the early stage of the
disease. The vasculitis has an obliterative and hemorrhagic pattern with necrotic
changes, particularly in the retina [2]. Perivascular and diffuse neutrophilic infiltra-
tion, particularly in the uvea and retina, are seen during the acute inflammatory phase.
The retinal vessels have swollen endothelial cells and thickened basement mem-
branes. The vessels may show thrombus formation and eventual obliteration [20].

Inflammation, hemorrhage and cellular infiltration (Fig. 2) in all layers of the
retina [16] after recurrent bouts of acute inflammatory attacks have been documented.
Focal inflammation and perivasculitis in the retina cause areas of necrosis, which can
ultimately lead to total retinal necrosis [14]. Perivascular lymphocytic and plasma cell
infiltration in the uvea and retina occur during remission [3]. In the late stage, fibrosis
ensues resulting in cyclitic membrane formation, and thickening of the choroid
(Fig. 3) [20]. Optic nerve atrophy can result from perivascular lymphocytic infiltration
in the optic nerve with axonal degeneration and replacement by fibrous astrocytes
[16].

Figure 1 Markedly thickened iris from non-granulomatous chronic inflammatory cell infiltra-
tion.
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CONCLUSION

The immunohistologic and other histopathologic features reviewed herein describe
the immunopathologic alterations observed mostly during the chronic phase of Be-
hçet’s disease. The ocular changes reflect a chronic, recurrent process complicated by
various sequelae of inflammatory cell mediated tissue damage. Though vasculitis is
regarded as the histopathologic hallmark of the disease, significant variations with
absence of typical vasculitis may also exist. The short-lived nature of the various
lesions in Behçet’s disease makes documentation of immunopathologic alterations
most challenging.
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Figure 2 Gliotic retina with infiltration of chronic inflammatory cells.

Figure 3 Thickened edematous choroid with inflammatory cell infiltration.
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6. T Cells in Behçet’s Disease

ABSTRACT

The etiology of Behçet’s disease is still unknown and it shows a lot of systemic
symptoms. T cells are the most considered as a mediator in the pathogenesis of
Behçet’s disease. Especially, CD8+ gd+T cells may play an important role and regu-
latory T cells have a possibility in the pathogenesis.

KEYWORDS: Gamma/delta T cells; CD8+ gamma/delta T cells; Streptococcus
Sanguis (KTH-1), regulatory T cells

INTRODUCTION

Behçet’s disease is a recurrent multisystemic inflammatory disease with symptoms of
oral aphthae, ocular lesions, arthritis, and digestive tract ulcers. The etiology of Be-
hçet’s disease is unknown; however, the immunopathogenesis of Behçet’s disease is
considered to be mediated by T cells. The reports about T cells in Behçet’s disease
suggest that there are specific subpopulations of T cells based on whether their T cell
antigen receptor is either an  ab or gd heterodimer are involved in the pathogenesis of
Behçet’s disease. Here, we characterize some of the ab+ and gd+ T cells in Behçet’s
disease. In addition, we also suggest the possibility of generating regulatory T cells to
suppress the pathology of Behçet’s disease.

BACKGROUND

Normally, T cells recognize foreign antigens that are processed into short peptides and
presented in cleft of major histocompatibility complex (MHC) molecules on the sur-
face of autologous antigen presenting cells. This T cell recognition of presented antigen
is mediated through the specific binding of the T cell receptor (TCR) to the presented
antigen. The specificity of antigen binding lies in the variable and joining regions of the
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TCR. By characterizing these TCR regions in human diseases with unknown etiology
it may be possible to provide clues regarding the triggering stimulus.

Dr. Esin’s group found in patients with Behçet’s disease an expansion of periph-
eral blood CD4+ T cells expressing a specific beta chain TCR variable region (TCR
Vb) [1]. This was especially seen in patients with active disease. In addition, a partic-
ular beta-chain TCR joining region (TCR Jb) was also expressed by the T cells. The
expansion of these particular TCR Vb-Jb T cells correlated with disease activity. This
has suggested the involvement of antigen specific T lymphocytes in the pathogenesis
of Behçet’s disease. Dr. Direskeneli’s group found that the oligoclonal expansion of
TCR Vb-Jb T cells in patients with Behçet’s disease is in both CD4+ and CD8+ T cells
populations [2]. They suggested that there is an antigen-driven oligoclonal expansion
of T cells in Behçet’s disease. Such findings open the possibility of applying immu-
noselective therapy for Behçet’s disease.

ab+ T CELLS

Activated CD4+ T lymphocytes can be considered to differentiate into 2 functional
subsets, T helper type 1 (Th1) and type 2 (Th2) cells. The two T cell types have
different cytokine production patterns and effector functions. Th1 cells produce inter-
feron-g (IFN-g), interleukin-2 (IL-2), and tumor necrosis factor b (TNF-b). Th2 cells
produce IL-4, IL-5, IL-10 and IL-13. Th1 cells mediate cellular immunity, and Th2
cells mediate humoral and allergic immunity. The balance of Th1 and Th2 cells
responding to an autoantigen is known to be important in the induction and regulation
of autoimmune disease. Th1 cells contribute to the pathogenesis of many autoimmune
diseases, which can be suppressed by the activity of Th2 cells. 

In Behçet’s disease, there are several reports demonstrating abnormalities in hu-
moral and cellular immune activity. There are high serum levels of IL-2, IFN-g, and
proinflammatory cytokines such as IL-1b, IL-6, TNF-a, and IL-8, in patients with
active Behçet’s disease. These results point to a polarized Th1 immune response. Dr.
Frassanito’s group has described elevated IL-12 in parallel with the increased percent-
age of IL-2 and IFN-g producing T cells [3]. Their findings can be related to the
prolonged inflammation seen in patients with Behçet’s disease. Other reports have
also shown Th1 cytokine levels are higher in patients with Behçet’s disease [4].
Therefore, it is possible it is the proinflammatory cytokines produced by antigen-
activated Th1 cells are responsible for the induction and pathogenesis of Behçet’s
disease.

gd+ T CELLS

Besides ab+ T cells, there are also T cells whose TCR consists of gd dimers. This
population of gd+ T cells is a minor subset of T cells in humans. Although their
function is unclear, gd+ T cells are considered to be important players in innate host
defense mechanisms and in autoimmune diseases.
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Figure 1 Change of gd+ T absolute cell number of mononuclear cells in peripheral blood
before and after S. Sanguis stimulation. Left panel: patients with Behçet’s disease
(BD). Right panel: healthy controls (HC). a. whole gd+ T cells. b. gd +CD4-CD8- T
cells. c. gd +CD8+ T cells (NS: no significant, *: p < 0.05).

day  0 day  9 day  0 day  9

cell n um ber

n =8 n=7

n =8 n =7

n =8 n=7

1 000

5 00

0

100 0

50 0

0

100 0

50 0

0

a .

b .

c.

day  0 day  9 day  0 d ay  9

day  0 day  9 d ay  0 day  9

cell n um ber

cell n um ber

BD H C

BD

BD

x 103

x10 3

x10 3

H C

H C

NS

NS

*



60 Tomomi Nishida and Shigeaki Ohno

gd+ T cells in the peripheral blood of patients with Behçet’s disease were investi-
gated. We measured the proliferation of gd+ T cells stimulated with the KTH-1 stain
of Streptococcus sanguis (Fig. 1) [5]. The proliferation of gd+ T cells from patients
with Behçet’s disease was higher than the gd+ T cells from healthy controls. Particu-
larly, CD8+ gd+ T cells were significantly higher than the healthy controls. CD8+ gd+
T cells are an extremely rare population in T cells, and several reports described their
production of IFN-g in an antigen specific manner [6]. Furthermore, CD8 is the
surface marker of cytolytic T cells that recognize an antigen presented on MHC class
I molecules. Recently, genetic susceptibility for Behçet’s disease has been shown to
be linked to MHC class I chain-related genes (MICA). The activation of CD8+gd+ T
cells may be associated with MICA expression.

REGULATORY T CELLS

Regulatory T cells are defined as a subpopulation of T cells that are distinct from
helper and cytolytic T lymphocytes, which inhibit the activity of other T cells. Recent-
ly, it has been found that the immunosuppressive factors of aqueous humor are medi-
ated by the induction of TGF-b producing T cells [7]. An adoptive transfer of the TGF-
b-producing T cells suppressed the induction of delayed type hypersensitivity mediat-
ed by Th1 cells. Although the regulatory T cells suppressed IFN-g production by the
Th1 cells through bystander mechanisms, the regulatory T cells required antigen
specific activation to function. Therefore, there is a potential to use such regulatory T
cells to suppress and prevent the production of Th1 cytokines in Behçet’s disease.

CONCLUSIONS

Th1 cells and CD8+gd+ T cells are capable of having an important role in the immu-
nopathogenesis of Behçet’s disease. In addition, treatment for Behçet’s disease may
include therapeutic methods that activate regulatory T cells.
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KAZUNORI ONOÉ, NOBUYOSHI KITAICHI, SHIGEAKI OHNO, 
CHIKAKO IWABUCHI AND KAZUYA IWABUCHI

7. NK and NK-T Cells Possibly Involved 
in Behçet’s Disease

ABSTRACT

It has been considered that NK and NK-T cells play some roles in ocular autoimmune
diseases such as Behçet’s disease. In this communication, general functions of these-
lymphocytes and a possible involvement of NK and/or NK-T cells in experimentally
induced autoimmune uveoretinitis (EAU) are presented. Administration of anti-
NK1.1 monoclonal antibodies to B10.BR mice significantly inhibited the severity of
EAU induced by K2, an IRBP peptide, suggesting a proinflammtory role of NK1.1
positive lymphocytes in the EAU.

KEYWORDS NK cells; NK-T cells; EAU; ITIM; NKR-P1(NK1.1)

INTRODUCTION

NK and NK-T cells may represent cells involved in cross-talking between innate and
acquired immunities [1–3]. Thus, it seems that the NK and NK-T cells play a role in
induction and/or regulation of various types of immune responses including several
autoimmune diseases [4, 5]. It has been reported that certain ocular inflammations
such as Behçet’s disease result from organ specific autoimmune responses [6, 7]. Thus
far, no concrete evidences have been presented whether NK or NK-T cells are really
involved in induction or regulation of Behçet’s disease and studies of the role of NK
and NK-T cells in this disease are far from complete. In the present communication,
general characteristics as well as possible roles of NK and NK-T cells in organ specific
autoimmune diseases are presented and discussed.
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GENERAL FEATURE

NK CELLS

NK cells kill certain kind of tumor cells, virus-infected cells and target cells coated by
antibodies (ADCC). NK cells also produce pro-inflammatory cytokines such as TNF-
a and IFN-g. Thus, NK cells appear to play a major role in anti-tumor immune
responses and infectious immunity through the cytotoxicity and cytokine productions.

Murine NK cells express Ly 49, a lectin type receptor (Fig. 1). When Ly 49 binds
to certain type major histocompatibility complex (MHC) class I molecules, an inhib-
itory signal is transduced intracellularly, and the NK cells no more kill the target. On
the other hand, NK cells kill the target when Ly 49 is blocked by a specific antibody
(Ab). NK cell also can kill the class I null cells. Figure 1 shows the most primitive
framework of “missing self” hypothesis [8].

Two types of inhibitory receptors are expressed on human NK cells. NK cells
express p58 killer inhibitory receptors (KIR), which belong to Ig superfamily. The
p58KIR possesses immunoreceptor tyrosine-based inhibition motif (ITIM) [9] in the
cytoplasmic tail (Fig. 2). When p58KIR binds to HLA-C, an inhibitory signal is in-
duced and the NK functions inhibited. 

The other inhibitory receptor is a lectin type receptor which also possesses ITIM
in its cytoplasmic region. The inhibitory signal is generated when CD94 binds to
HLA-E, a non-classical MHC class I molecule (Fig. 2). Interestingly, HLA-E requires
binding of a nonamer peptide for cell surface expression [10]. This peptide was de-
rived from the signal sequences of most classical HLA class I molecules. Thus, HLA-
E surface expression allows NK cells to monitor the expression of numerous polymor-

Figure 1 NK cells kill the target missing self MHC Ag.
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phic HLA class I molecules with a single receptor, CD94/NKG2A. As shown in
Figure 2 right panel, reduction of HLA-C molecule leads to the reduction of the signal
sequences required for the expression of HLA-E. Eventually, expressions of both the
HLA-C and HLA-E molecules on the target are reduced and this target is recognized
by NK cell as one to be destroyed.

 Now we know various receptors belonging to Ig superfamily and lectin type
receptors in human and murine systems (Fig. 3). Among these receptors, those pos-
sessing ITIM in the cytoplasmic tail are inhibitory receptors. It is important that
different NK cell clones express different receptors. This means that each NK cell

Figure 2 Two types of inhibitory receptors on NK cells.

Figure 3 Various receptors on human and murine NK cells.
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group shows different specificity for inhibition mediated by different MHC class I- or
class I-like molecules.

NK-T CELLS

In 1987, Fowlkes et al. [11] and Ceredig et al. [12] reported a unique thymocyte
population in CD4, 8 double negative cells. We found a similar population in CD4+

thymocytes [13]. Now these cells are called NK-T cells or natural T cells and consti-
tute more complex subsets including CD8+ NK-T cells [14, 15]. These cells show a
differentiation pattern quite different from the mainstream T cells. In the thymus NK
T cells are positively selected in the presence of CD1 or TL molecules expressed on
CD4+8+ thymocytes [16, 17]. Recently we have demonstrated that thymic medullary
epithelial cells are also indispensable for the NK-T generation [18, 19]. It appears that
the direct precursors of NK-T cells are NK1.1+ CD3- cells that quite resemble pheno-
typically and functionally NK cells [20, 21]. 

The general characteristics of NK-T cells are summarized in Table 1. NK-T cells
express both NK receptors and a/b T cell antigen (Ag) receptors (TCR) (Fig. 4). These
cells phenotypically resemble memory T cells except for the expression of NK1.1 and
Ly49. Thus, these are CD44+, ICAM-1+, LFA-1+, IL-2Rb+ and CD62L-. NK-T cells
are relatively abundant in the thymus, bone marrow and liver but not in peripheral
lymph nodes. Interestingly, certain self-reactive NK-T cells are not eliminated by
negative selection [13]. 

We have reported that NK-T cells kill both tumor cells and self immature thymo-
cytes [22, 23] and produce IL-4 and IFN-g upon stimulation via TCR [24].

It has been reported that NK-T cells expressing invariant Va (Va14Ja281) chains
recognize glycosylphosphatidyl inositol (GPI)-anchored Ag in the context of CD1, an
MHC-class Ib molecule (Fig. 4) [25]. A majority of murine NK-T cells express

Table 1 Characteristics of NK-T cells.

1. Expression of both NK cell markers (NKR-P1, Ly49) and a b/TCR
2. Phenotypically resemble memory T cells
3. Relatively abundant in thymus, bone marrow and liver
4. Limited usage of a/b TCR
5. Existence of autoreactive cells (forbidden clone)
6. LAK activity against tumor cells and thymocytes
7. Cytotoxicity against immature thymocytes via FasL-Fas interaction
8. Prominent productions of IL-4 and IFN-g

Figure 4 NK-T cell recognizes GPI-anchored Ag with CD1.
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Va14Ja281 and Vb8 and most of human NK-T cells express Va24Vb11, a counter-
part of Va14Vb8 in murine NK-T cells [26]. 

However, using TCR-transgenic mice, we and others found that functional NK-T
cells carrying the other TCR Va chains were normally generated [27, 28]. The entire
Ag system that NK-T cells recognize has not been fully elucidated.

It seems most interesting to us that NK-T cells express constitutively FasL. In
normal mice the NK-T cells kill the self CD4, 8 double positive (DP) thymocytes
bearing Fas molecules [23] (Fig. 5). However, in lpr or gld mouse, this killing system
doesn’t work. CD4, 8 DP thymocytes of lpr mouse express no Fas Ag because of
mutation of the fas gene. Thus, these DP cells can not be killed by NK-T cells. On the
other hand, NK-T cells of gld mouse can not kill the DP thymocytes due to the point
mutation of the FasL expressed on the gld NK-T cells.

In physiological conditions, most of CD4, 8 DP thymocytes undergo apoptosis and
only a few selected T cells migrate outside the thymus. However, in these lpr and gld
mice, no such a death system operates and massive proliferation of abnormal lym-
phocytes is seen (Fig. 6). In addition, the subsequent autoimmune disease kill these lpr
and gld mice early in life. We would like to postulate that NK-T cells in the thymus
eliminate abnormally developed lymphocytes, and by this way maintain the homeos-
tasis.

In peripheral immune system, it is also speculated that NK-T cells regulate excess
or undesirable immune responses [4, 5, 29, 30]. It will be seen in Figure 7 that a self
Ag reactive helper T cell is continuously activated with the self Ag in vivo and
expressing Fas molecules. Under normal conditions, this helper T cell is killed by NK-
T cells and the autoimmune responses appear to be stamped out. Indeed it was report-
ed that the number of NK-T cell decreased in certain types of systemic autoimmune
disease in animal models and human cases [31, 32]. 

Figure 5 NK-T cell kills CD4, 8 DP thymocytes via Fas.
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These decreases may be related to the insufficient regulation of immune responses
to the self Ag by NK-T cells.

ROLES OF NK AND/OR NK-T CELLS IN EXPERIMENTALLY 
INDUCED AUTOIMMUNE UVEORETINITIS (EAU), AN EXPERIMENTAL 

MODEL OF BEHÇET’S DISEASE

We postulated that NK-T cells also played a regulatory role in experimental autoim-
mune uveoretinitis (EAU), a model for Behçet’s disease. To examine this working
hypothesis, we performed the following experiment.

Figure 6 Lack of NK-T functions results in auto-immune disease in lpr and gld mice.

Figure 7 NK-T cell may kill self-reactive Th cell.
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We have reported that a peptide, K2, deduced from interphotoreceptor retinoid-
binding protein (IRBP) induces EAU in H-2k mice [33, 34]. Using this model we
examined our hypothesis that NK-T cells regulate EAU by eliminating the K2-specific
T cells. H-2k mice were administrated anti-NK1.1 Ab and immunized with K2 in
complete Freund’s adjuvant. Thereafter T cell responses to K2 peptides and clinical
manifestation of EAU were examined (Fig. 8).

Figure 9 shows a representative result of T cell proliferative responses to K2 10
days after immunization. As shown in this figure, however, treatment with anti-NK1.1
Ab exerted no influence on the T cell responses. 

In addition, anti-NK1.1 Ab treatment rather reduced the clinical severity of EAU
(Fig. 10). Since this Ab treatment eliminates both NK and NK-T cell populations, it
seems difficult to draw a straightforward interpretation from this preliminary experi-
ment. Thus far, our study suggests that NK and/or NK-T cells may enhance the local
inflammation rather than negative regulation.

Recently it was reported that the number of CD56+ T cells increased in patients
with Behçet’s disease [35]. 

Figure 8 Experimental procedure to examine influence of eradication of NK1.1+ cells on EAU.

Figure 9 T cell proliferative response to K2.
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Although CD56+ T cells are not necessarily corresponding to NK-T cells, this result
appears to be consistent with our experiment. In addition, we reported that activated
NK-T cells expressed mRNA of macrophage migration inhibitory factor (MIF) [36].
Thus, it seems that NK T cells produce MIF other than IL-4 and IFNg. Administration
of anti-MIF Ab inhibited R16, a peptide deduced from IRBP, – induced EAU in a rat
system [37]. Indeed, serum MIF levels in patients with Behçet’s disease were promi-
nently increased [38]. These series of study also suggest that NK-T cells enhance
ocular inflammation via cytokine productions. More precise studies of patients with
Behçet’s disease are needed to see how NK and NK-T cells and cytokines produced
by NK-T cells are involved in the ocular inflammatory disease.

CONCLUSION

General characteristics of NK and NK-T cells and their possible involvement in EAU,
an experimental model for Behçet’s disease, are discussed. It appears that NK1.1+

cells rather enhance ocular inflammatory responses. However, the study is just begin-
ning and experimentation in which specific elimination of NK-T population in vivo is
performed appears to be needed. We are now carrying out EAU experiment in NK-T
knockout mice to elucidate the precise role of NK-T cells.
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8. Cytokines in Behçet’s Disease

ABSTRACT

The aetiopathogenesis of Behçet’s disease is unknown, but studies indicate that vari-
ous immunological abnormalities, induced by certain microbial antigens in genetical-
ly susceptible individuals, play an important role in the development of Behçet’s
disease.

Immunological studies in Behçet’s disease have revealed in vivo activation of T
cells (both TCR ab and gd positive), natural killer cells, monocytes and neutrophils in
parallel with up-regulated proinflammatory cytokines. Expression of IL-12 and IL-8
cytokines and Th1 polarization of the immune response are associated with the active
disease. However, no prominent increase of Th2 cytokines has been detected with
decreasing clinical activity.

The enhanced expression of proinflammatory and Th1-type cytokines suggests a
defect in the regulatory mechanisms; and it may have a genetic basis. But, no strong
association could be documented between cytokine gene polymorphisms and Behçet’s
disease so far.

We still need more data about the characteristics of cytokine expression in Be-
hçet’s disease to develop better and more targeted treatment modalities.

KEYWORDS: Behçet’s disease; cytokines; Th1 polarization; proinflammatory cy-
tokines; cytokine antagonists; cytokine gene polymorphisms; tumour necrosis factor;
interleukin-8; interleukin-12

INTRODUCTION

Behçet’s disease is a chronic inflammatory disorder characterized by recurrent attacks
of different clinical manifestations, including oral aphthous ulcers, genital ulcers,
uveitis, skin lesions, arthritis, venous thrombosis, arterial aneurysms, and lesions in
the central nervous and gastrointestinal systems [1]. It is recognized as an unclassified
form of systemic vasculitis, which affects almost all types and sizes of blood vessels.
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The aetiopathogenesis of Behçet’s disease is unknown, but studies indicate a mul-
tifactorial disorder. It has long been claimed that various immunological abnormali-
ties, induced by certain microbial antigens in genetically susceptible individuals, play
an important role in the development of Behçet’s disease [2]. The immunological
studies have revealed an enhanced inflammatory response, with findings of non-
specific activation of many different inflammatory cells as well as antigen-driven
specific immune response. Thus, immune-mediated inflammatory reaction of Be-
hçet’s disease involves both innate and adaptive immune systems [2]. 

Cytokines are important small molecules acting as short-range intercellular mes-
sengers, and they play a crucial role in inflammatory reactions. Cytokines are pro-
duced by a wide variety of cells to be effective mainly in a microenvironment, and
they bind specific receptors on the cell surface to induce many different functions.
Their activity is tightly controlled by various ways, including transcriptional and post-
transctiptional mechanisms, or by through soluble receptors and receptor antagonists.
Cytokines also show promoting or antagonistic effects on each other and provide a
balanced immune response [3]. Th1 type cytokines, such as interleukin (IL)-2 and
interferon (IFN)-g promote development of T cells expressing similar cytokines, and
also supress the production of Th2 type cytokines, such as IL-4 and IL-10. On the
other hand, IL-4 enhances the development of Th2 cells and down-regulates differen-
tiation into or activation of Th1 cells. Defects in these control mechanisms have been
suggested as one of the important components of the subacute or chronic inflammato-
ry conditions.

Understanding the nature of inflammation in Behçet’s disease by the analysis of
the cytokine network is very important for the clarification of the disease pathogene-
sis. Successful results using cytokines (such as IFN-a) or cytokine antagonists (anti-
tumour necrosis factor-a [TNF-a] monoclonal antibody) in the treatment of Behçet’s
disease also make this analysis necessary for developing better treatment modalities,
which target more specific inflammatory mediators.

Cytokine studies in Behçet’s disease have mainly been carried out in systemic
circulation or in supernatants of peripheral blood mononuclear cell cultures. More
recently, investigation of intracytoplasmic cytokine expression patterns in isolated
cells has enabled us to see a better picture of the cytokine network in Behçet’s disease. 

SYSTEMIC CIRCULATION

Increased or detectable serum/plasma levels of TNF-a, IFN-g, IL-1, IL-8, IL-10 , IL-
12, soluble IL-2 receptor (sIL-2R) and 75 kD TNF receptor (TNFR-75) were reported
in Behçet’s disease [4–16]. An increase in the levels of IL-8, IL-12, sIL-2R and
TNFR-75 was detected in the active stage of patients with Behçet’s disease [10–16].
However, lymphocyte derived IFN-g was found only in the sera of inactive patients
[4].

On the other hand, some investigators did not find any difference between the
serum levels of TNF-a, IFN-g, IL-1, IL-4, IL-6, IL-8, IL-10, IL-12 and transforming
growth factor (TGF)-b1 in patients with Behçet’s and healthy controls, or could not
detect these cytokines at all [6,9,10,15,17–20].
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Inconsistent results of serum cytokine concentrations in Behçet’s disease can eas-
ily be explained by biological and/or technical factors. Although Behçet’s disease is a
multi-system disease, it is characterized with recurrent attacks of one or a combination
of its clinical manifestations. Depending on the extent and severity of clinical mani-
festations, systemic inflammatory response is not a frequent feature of Behçet’s dis-
ease. No well-defined correlation have been detected between the disease activity and
acute phase response in Behçet’s disease. Cytokines are effective mainly at the site of
inflammation with a very short half-life, and systemic levels of many cytokines do not
reflect their local activity. Circulating cytokine inhibitors such as soluble receptors
and/or receptor antagonists also influence their serum levels. On the other hand, using
different detection methods with varying sensitivities as well as blood collection and
storage conditions could also have contributed to these inconsistent results.

CELL CULTURE ASSAYS

Analysis of cytokine expression in a heterogenous population of PBMC or isolated
populations of monocytes or T cells in in vitro conditions has been accepted as a better
way of investigation, and gives us a more detailed information about the cytokine
kinetics in Behçet’s disease. However, the cell culture assays have also many draw-
backs, which should be kept in mind when comparing the results of different studies.
Despite the local nature of inflammation, these studies have mostly been done using
peripheral blood cells. In addition, mixed or isolated cell populations have been stim-
ulated by using different means (such as phytohaemaglutinin, phorbol myristate ace-
tate with ionomycin, anti-CD3, anti-CD40, various bacterial antigens or specific
peptides) with varying incubation times. 

Mege et al. investigated the cytokine production from Behçet’s disease monocytes
and detected a spontaneous over-production of TNF-a, IL-6 and IL-8 in the superna-
tant of monocyte cultures in active patients. An increased production of TNF-a, IL-1,
IL-6 and IL-8 from monocytes was also observed with lipopolysaccharide (LPS)
stimulation in both inactive and active patients [21].

IL-2 production from lymphocytes following mitogen-stimulation was found to be
normal or increased in Behçet’s disease [22]. However, concanavalin A (Con A)-
activated T cells failed to proliferate normally in response to exogenous IL-2 stimula-
tion, regardless of the disease activity of the patients. This unresponsiveness of T cells
to IL-2 was explained by a substantial decrease in the number of cells bearing high
affinity IL-2R in active patients with Behçet’s disease, and a decrease in the relative
numbers of receptors on the IL-2R positive T cells in inactive and chronic active
patients [22,23].

Intracytoplasmic cytokine expression of individual cells by flow cytometry re-
vealed increased percentage of IL-2 and IFN-g producing T cells in active patients
with Behçet’s disease [16,24]. High serum levels of IL-12 in parallel with an increased
frequency of peripheral IL-2 and IFN-g producing T cells suggested a strong, polar-
ized Th1 immune response in vivo [16]. A decrease of Th1 type T cells was found
following the immunosuppressive treatment of active patients. However, no increase
in Th2 type IL-4 producing T cells was observed during inactive stage of patients with
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Behçet’s disease [16,24]. Suzuki and colleagues’ findings of up-regulated expression
of IL-12 receptor b chain and transcription factor Txk in T cells further supported a
Th1 polarized immune response in Behçet’s disease (N. Suzuki, personal communi-
cation).

T cell lines from pustular skin lesions of 4 patients were established using a
streptococcal antigen KTH-1. Two of these cell lines were CD8+TCR ab+ and ex-
pressed IL-8 and TNF-a mRNAs. Other cell lines were CD4+TCR ab+, and 1 of them
expressed Th1, the other one Th2 cytokines [25]. 

Analysis of gd T cell populations also revealed that significantly increased propor-
tion of gd T cells were in the activated stage and producing both IFN-g and TNF-a
[26,27]. In contrast to the ab T cells, CD25 (the a chain of IL-2R) expression on gd T
cells was found to be increased. Yamashita et al. reported that CD45RA+ gd T cells
produced more TNF-a and lymphotoxin-a (LT-a) than CD45RO+ gd T cells, while
both subsets were producing equal amounts of IL-8, but no IL-4 at all [28].

Stimulation of PBMC from Behçet’s disease patients with specific human 60-kD
heat shock protein (hsp)-derived peptide 336–351 induced the expression of proin-
flammatory cytokine mRNAs, including IL-8, TNF-a, LT-a [29]. Hirohata et al
showed that this hypersensitivity of T cells in Behçet’s disease is not restricted to the
disease specific hsp peptides, and low concentrations of staphylococcal enterotoxins
could stimulate Behçet’s disease T cells through T cell receptor b chain for IFN-g
production much more effectively than normal or rheumatoid arthritis T cells [30].

It was recently demonstrated that neutrophils from patients with Behçet’s disease
constitutively expressed TNF-a mRNA and produced increased amounts of TNF-a
with LPS stimulation [31,32]. Neutrophils in Behçet’s disease also produced IL-12
and IL-18 spontaneously, which suggest that these activated neutrophils might play a
role in the Th1 polarization of the immune response [31,32].

TISSUE EXPRESSION

There are very limited published data on the cytokine expression of infiltrating cells
at the site of inflammation in Behçet’s disease. Kikkawa et al. reported expression of
IFN-g and IL-6 in the dermal and perivascular infiltrates in the erythema nodosum-
like lesions [33]. They also detected perivascular IL-8 in the deep dermis and inter-
lipocellular areas of the erythema-nodosum like lesions, as well as in an oral aphthous
ulcer [33]. Freysdottir and colleagues analysed the intracellular and membrane-bound
cytokines in the oral aphthous ulcer lesions of patients with Behçet’s disease, and
found an abundant infiltration of TNF-a positive cells that extend into the submucosa
[34].

GENETIC POLYMORPHISMS

Genetic polymorphisms in the promoter, coding and/or 3’-untranslated regions have
been suggested to influence the expression of many cytokines. Polymorphisms in the
TNF-a and LT-a genes have been investigated thoroughly in Behçet’s disease be-
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cause of the close proximity of these genes to HLA-B. Behçet’s disease is strongly
associated with HLA-B51, and it has been hypothesized that polymorphisms in the
TNF genes might contribute to the pathogenesis of Behçet’s disease [35]. The 10.5 kB
allele (TNFB*2) of bi-allelic Nco I digestion polymorphism in the LT-a gene has been
shown to be in linkage disequilibrium with a number of HLA-B alleles, including
HLA-B51 [36]. An increase of TNFB*2 in parallel with the decrease of 5,5 kB
(TNFB*1) allele was observed in Behçet’s disease patients, especially in those with
severe ocular involvement [36,37]. This association is not stronger than that of HLA-
B51 with Behçet’s disease, but it is difficult to assess the individual contribution of
these polymorphisms in the neighbouring genes, which are co-inherited with HLA-
B51 on the same haplotype, to the disease pathogenesis. 

The rare allele (TNF2) of the promoter region –308G→A polymorphism in the
TNF-a gene, has been shown to be associated with increased TNF-a expression, and
is in linkage disequilibrium with the extended haplotype of HLA-A1-B8-DR3-DQ2
[38]. No association could be detected between TNF2 allele and Behçet’s disease
[37,39]. We could not demonstrate any association of the TNF-a –376 polymorphism
with Behçet’s disease either (J. Duymaz, unpublished).

We have recently identified a modest association of IL-1A gene polymorphism
with Behçet’s disease (J. Karasneh, unpublished). However, no significant result was
obtained in the association studies with IL-6 and IL-8 genes, both of which have been
shown to be over-expressed in Behçet’s disease [40], (J. Duymaz, unpublished).

Further studies, especially on the posttranscriptional regulatory mechanisms, are
still needed for the identification of the contributory role of genetic polymorphisms to
the susceptibility to Behçet’s disease.

EXPERIMENTAL MODELS

Despite several attempts, there is no established animal model for Behçet’s disease.
None of the clinical findings of Behçet’s disease were observed in the HLA-B51
transgenic mice [41]. After the identification of Behçet’s disease-specific hsp-pep-
tides, uveitogenic features of these peptides were documented in Lewis rats [42].
However, these animals did not develop any other Behçet’s disease-related manifes-
tations. It was recently demonstrated that mucosal administration of these hsp-pep-
tides can also induce uveitis [43]. Although, CD4+ T cells were the main effector cells
in the induction of hsp uveitis, investigation of CD4-enriched splenic cells by reverse
transcription-PCR did not reveal any significant difference in the expression of Th1 or
Th2 cytokines. However, treatment with exogenous IL-4 significantly decreased the
development of uveitis induced by mucosal administration of hsp peptide 336–351
from 68% to 30.4% [43].

Sohn and colleagues described another animal model induced by inoculation of
herpes simplex virus type I to the ICR mice [44]. About 30% of these mice developed
various manifestations, some of which resembling to those of Behçet’s disease. The
authors recently reported that up-regulated Th2 cytokines can attenuate the develop-
ment of the skin manifestations in the ICR model [45].
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Unfortunately, both of these animal models are far from answering the questions
in the pathogenesis of Behçet’s disease, especially about the therapeutic use of cy-
tokines and/or cytokine antagonists.

CONCLUSIONS

In conclusion, immunological studies in Behçet’s disease have revealed in vivo acti-
vation of T cells (both TCR ab and gd positive), natural killer cells, monocytes and
neutrophils in parallel with up-regulated proinflammatory cytokines. Expression of
IL-12 and IL-8 cytokines and Th1 polarization of the immune response are associated
with the active disease. However, no prominent increase of Th2 cytokines has been
detected with decreasing clinical activity.

The enhanced expression of proinflammatory cytokines suggests a defect in the
regulatory mechanisms, and it may have a genetic basis. But, no strong association
could be documented between a cytokine gene polymorphism and Behçet’s disease so
far.

We still need more data about the characteristics of cytokine expression in Behçet’s
disease to develop better and more targeted treatment modalities.
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NOBORU SUZUKI, MITSUHIRO TAKENO, YUKO TAKEBA, HIROKO 
NAGAFUCHI AND TSUYOSHI SAKANE

9. Autoimmunity in Behçet’s Disease

ABSTRACT

Autoimmune responses are implicated in the pathogenesis of Behçet’s disease (BD).
We recently found that the peptide 336–351 of human heat shock protein 60, termed
Hu-18, provoked vigorous proliferation of T cells from BD patients in Japan, especial-
ly those having uveitis. The epitope is specific for BD, because no significant response
was detected in patients with RA and normal controls. Characterization of T cell
receptor (TCR) usage revealed that T cells expressing particular V beta subfamily
were selectively increased in response to Hu-18 stimulation in BD patients. The oli-
goclonal expansion of Hu-18 specific T cells becomes evident in clinical exacerba-
tion, while it disappears during remission. The same T cell clones were re-expanded
in another clinical attack, suggesting the direct involvement of anti-Hu-18 specific T
cells in the pathogenesis of BD. The anti-Hu-18 specific T cells were categorized as
Th1 cells, because of their cytokine production profile. IL-12 receptor (IL-12R) ex-
pressing T cells, which had a high IFN-gamma producing potential, were increased in
PBL from BD patients with active disease. These data suggest that IL-12/IL-12R
system plays a vital role of Th1 polarization during active phase in BD patients. Txk,
a member of Tec tyrosine kinase family, is selectively expressed on Th1 and Th0 cells,
but not Th2 cells. Txk acts as a transcription factor specific for Th1 T cells. In
concordant with Th1 polarization in BD, circulating and tissue infiltrating T cells from
the patients expressed abundant Txk protein. Reduction of Txk expression in T cells
may lead to the correction of Th1/Th2 imbalance and disease remission in BD. Thus
Txk may become a possible therapeutic target in BD. 

KEYWORDS: Heat shock protein HSP; autoimmune responses; anti-HSP immune
responses; Txk
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INTRODUCTION

Autoimmune responses are implicated in the pathogenesis of Behçet’s disease (BD).
We have demonstrated various abnormal immune responses similar to certain autoim-
mune diseases in patients with BD; suppressor T cell dysfunction, defective inter-
leukin (IL)-2 production, and polyclonal B cell activation [1–3]. Aberrant immune
responses to self-antigens such as oral mucosa and skin homogenates have suggested
involvement of autoimmune mechanisms in the pathogenesis of BD [4]. 

Microbial infection was considered as one of etiologic factors of BD. Herpes
simplex virus (HSV) specific DNA and antibodies to HSV were detected more fre-
quently in patients with BD than normal controls [5, 6]. Streptococcus sanguis was
studied extensively as a candidate of the causative agent [7]. However, none of the
pathogens has been proven to cause BD. Observations suggesting that several micro-
bial agents were associated with the development of BD, rather, led to the hypothesis
that common antigens such as heat shock protein (HSP) may be responsible for induc-
tion of the disease [8, 9].

HSP is highly immunogenic antigen and provokes prominent immune responses.
HSP has highly conserved amino acid sequence throughout prokaryotic and eukaryo-
tic kingdoms. Indeed, pathogenic role of anti-HSP immune responses has been sug-
gested in various autoimmune diseases including rheumatoid arthritis. We here review
the role of anti-HSP60 autoimmune responses in patients with BD. 

ANTIGEN SPECIFIC RESPONSES 
AGAINST HSP65 DERIVED PEPTIDES 

There is ample evidence suggesting that HSP60/65 is involved in the pathogenesis of
BD (Table 1). Lehner et al. first described increased IgA and IgG antibodies to HSP65
in sera from BD patients [7]. The anti-human HSP65 antibodies cross-reacted with
streptococcal HSP60. They subsequently identified four peptides derived from the
bacterial HSP60 and the corresponding peptides of human HSP65 that stimulated T
cells specifically in patients with BD [10]. Similar result has been reproduced in
Turkey [11]. B cell epitope mapping study supported importance of the four epitopes
of HSP in patients with BD [12]. 

Table 1 Involvement of anti-HSP60/65 immune responses in BD.

1. Increased IgA and IgG antibodies to HSP65 in sera from BD patients [7].

2. Increased IgA and IgG antibodies to HSP65 in cerebrospinal fluid from BD patients having 
neurological manifestations [16].

3. Four bacterial HSP60-derived peptides and the corresponding human HSP65 peptides stim-
ulated T cells from BD patients in UK and Turkey [10,11].

4. B cell epitopes overlapped with the four T cell epitopes in BD patients [12].

5. Peptide 336–351 is a dominant T cell epitope in Japanese BD patients [13].

6. Peptide 336–351 provokes uveitis in rat model of BD [14,15].
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Among the four peptides, we found that the peptide 336–351, Hu-18, provoked
vigorous proliferation of T cells from BD patients in Japan, especially those with
active uveitis [13]. The epitope was specific for BD, because no significant response
was detected in patients with RA and normal controls. Interestingly, immunization
with Hu-18 led to development of experimental uveitis in Lewis rats [14,15]. These
data suggest that autoimmune responses to HSP are involved in the development of
BD.

Increased expression of HSP65 antigens were shown in the epidermal cells and
infiltrating mononuclear cells of skin lesions and circulating leukocytes from BD
patients [9], suggesting that aberrant expression of HSP65 are, at least in part, respon-
sible for induction of the HSP specific autoimmune responses in BD.

CHARACTERIZATION
OF PATHOGENIC T CELLS

We found that CD4+, but not CD8+ T cells responded to Hu-18 in BD patients [13].
Experimental uveitis is mediated by CD4+T cells, whereas CD8+ T cells suppresses
the disease [15]. These findings indicate that CD4+ T cells play a pathologic role in
the development of BD. 

We studied T cell receptor (TCR) utilized by Hu-18 responding T cells in patients
with BD [13]. Flowcytometric analysis revealed that T cells expressing particular V
beta subfamily expanded selectively in response to Hu-18 stimulation in vitro. TCR
Vbeta usage of the Hu-18 responding T cells was different from patient to patient. For
example, when PBL were stimulated with Hu-18 for 7 days, Vbeta18.1 bearing cells
increased from 1.6% to 50.3% in a patient. In another patient, Vbeta5a bearing cells
increased from 4.1% to 40.1% in response to the same stimulation.

To further examine the T cell clonality, we analyzed the Vbeta specific RT-PCR
products by using single strand conformational polymorphism (SSCP) technique,
which can detect monoclonal accumulation of the T cells [13]. PBL stimulated with
Hu-18 showed oligoclonal T cell accumulation, indicating that the peptide stimulated
T cells in a conventional antigen-specific fashion. The oligoclonal expansion of Hu-
18 specific T cells became evident in clinical exacerbations, while it disappeared
during remission. The same T cell clones re-expanded in another clinical attack,
suggesting the direct involvement of anti-Hu-18 specific T cell responses in the patho-
genesis of BD.

CYTOKINE PRODUCTION

It is evident that proinflammatory cytokines are involved in the development of BD
[9] (Table 2). Preferential Th1 cell activation is one of the most important abnormali-
ties of cytokine network in BD. In our study, Hu-18 stimulated-PBL secreted signifi-
cantly higher amounts of IL-12, TNF-alpha, and IFN-gamma in patients having active
symptoms than those in remission and normal controls. Immunohistochemical studies
revealed that infiltrating mononuclear cells synthesized IFN-gamma, but not IL-4, in
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skin lesions from BD patients. IL-4, IL-10, and TGF-beta were exclusively produced
by Hu-18 stimulated PBL in patients during remission. In HSP60-induced experimen-
tal uveitis, exogenous IL-4 was shown to suppress the disease progression [15]. Thus,
it is plausible that Th1 cytokines promote the disease, whereas Th2 cytokines play a
protective role in BD.

It has been reported that excessive IL-12 secretion contributes to development and
outgrowth of autoreactive Th1 cells in BD patients having active disease [20]. We
recently found that IL-12 receptor (IL-12R) expressing T cells, which have a high
IFN-gamma producing potential, were increased in PBL from BD patients with active
disease. These data suggest that IL-12/IL-12R system plays a vital role in Th1 polari-
zation during active disease in patients with BD. IL-12R expression on circulating T
cells might be a simple marker to monitor the disease activity, as well as serum level
of IL-12.

CYTOKINES AS THERAPEUTIC TARGETS IN BD

Cytokines are possible therapeutic targets in BD as have been in various autoimmune
diseases. A simple approach is to neutralize pathogenic cytokines. A clinical trial of
anti-TNF-alpha monoclonal antibody for serious uveitis is undergoing in Japan. The
preliminary result looks promising. Thalidomide that inhibits actions of TNF is under
consideration for clinical application in Japan [21].

Excessive Th1 cell activity has been detected in patients with BD and suppressive
effect of IL-4 on the disease manifestation was shown in the rat model of BD [15].
Thus, correction of the Th1/Th2 imbalance is an alternative therapeutic approach. 

We have previously characterized Txk, a member of Tec family tyrosine kinases
in human T cells. Txk is selectively expressed on Th1 and Th0 cells, but not Th2 cells
[22]. Upon stimulation, Txk translocates from cytoplasm to nuclei and selectively
upregulates Th1 specific cytokine gene transcription, presumably as a Th1 cell specif-
ic transcription factor. In concordant with Th1 polarization in BD, immunoblotting
and immunostaining studies revealed that circulating and infiltrating T cells from the
patients expressed excessive Txk protein. We here propose that Txk is a novel thera-
peutic target in BD, because antisense oligonucleotide to Txk gene selectively inhibits
Th1 cytokine production [22]. We are now investigating a pharmacological target in
the Txk-mediated signaling pathway at a molecular level.

Table 2 Abnormalities of cytokine production in BD.

1. Plasma levels of proinflammatory cytokines are elevated; IL-1beta, IL-8, TNF-alpha [17–19].

2. IL-12 and IFN-gamma are increased in sera from active BD patients and CSF from those 
having neurological manifestations [9, 20].

3. IFN-gamma producing T cells are increased in circulation and are accumulated in skin 
lesions [9, 20] .

4. IL-4 suppresses HSP-induced experimental uveitis in rats [15].
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CONCLUSIONS

1. Autoreactive T cells against HSP60/65 play a pathogenic role in BD. The clonal
size of the autoreactive T cells is closely correlated with the disease activity.

2. Th1 cytokines are involved in exacerbation of the disease, whereas Th2 cytokines
play a protective role.

3. Correction of Th1/Th2 imbalance is a possible therapeutic target.
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MINORU KIMURA, TAKAHIRO KIMURA, MASAHIRO SATO, TOSHITERU 
WATANABE, SHIGEAKI OHNO, HIDETOSHI INOKO AND EI-ICHI NOMURA

10. An Attempt To Create A Behçet’s 
Disease Model In Mice

ABSTRACT

To examine the pathogenesis of Behçet’s disease (BD), we have generated transgenic
mice carrying the Major histocompatibility complex (MHC) class I related gene
A(MICA) or gene B(MICB) cDNA driven by cytomegalovirus enhancer and chicken
b-actin promoter (CAG promoter).

The CAG-MICB lines exhibited temporary skin lesions, as exemplified by hyper-
keratosis, 50% increase in the number of white blood cells (WBCs) and reduction in
body weight comparing to their non-transgenic littermates. However, active lesions
mimicking BD were not observed in these mice. CAG-MICA mice exhibited altered
phenotypes such as reduction in the number of RBCs, alopecia and immune system
abnormalities, but never exhibited temporary skin lesions as observed in CAG-MICB
mice. We have also made B51 x b2m double transgenic mice through mating and these
mice exhibited enhanced expression of HLA-B51 molecules on the surface of lym-
phoid cells, but did not manifest any overt BD-associated phenotypic characteristics
throughout life. 

KEYWORDS: Animal model; transgenic mice; MICA gene; MICB gene; HLA-B51
gene; b2 microglobulin

INTRODUCTION

Behçet’s disease (BD) is characterized by four major signs and symptoms: oral ap-
thous ulcers, skin lesions, ocular symptoms, and genital ulcerations, and occasionally
by inflammation in tissues and organs throughout the body. BD is thus considered a
refractory systemic inflammation disorder. It is well established that BD is associated
with the HLA-B51 allele, which is relatively frequent, ranging from 45 to 60% in
incidence in many different ethnic groups including Asian and Eurasian populations



88 Minoru Kimura et al.

from Japan and the Middle East [1]. However, it is unclear whether HLA-B51 itself or
a closely linked gene is responsible for susceptibility to BD. 

Recently, our group [2] found a triplet repeat microsatellite polymorphism of
(GCT/AGC)n in the transmembrane (TM) region of the MICA gene [3]. MICA is a
member of a novel family of the human major histocompatibility complex (MHC)
class I genes termed MIC (MHC class I chain-related genes), and is located near the
HLA-B gene on the short arm of human chromosome 6 [3]. Mizuki et al. [2] found 5
distinct alleles of (GCT/AGC)n in MICA using HLA homozygous B cell lines. Of 5
alleles tested one contained one additional base insertion that caused a framshift
mutation resulting in a premature termination codon in the TM region. This particular
allele was thought to encode a soluble, secreted form of the MICA molecule. Analysis
of a total of 77 Japanese patients with BD, which is known to be associated with HLA-
B51, revealed that the (GCT/AGC)6 allele was strongly associated with BD in these
patients [2]. These findings suggested that MICA is closely associated with BD rather
than HLA-B51. Furthermore, our group [4] also reported the presence of allelic vari-
ants of the MICB gene [3], another member of MIC and which has a high degree of
similarity to MICA as noted below, through screening of a total of 46 HLA ho-
mozygous B-cell lines. The number of MICA (more than 54 alleles) and MICB alleles
(more than 16 alleles) has increased [4,5; S. Bahram, personal communication].

Of 5 MIC members (MICB, MICA, MICC, MICD, and MICE in order from centro-
to telomere) so far identified in the MIC gene family, only the MICA and MICB genes
are expressed [6]. The MICA and MICB genes are located respectively 46.4 kb and
141.2 kb centromeric to the HLA-B gene, with opposite transcriptional orientation [7].
The full-length MICB cDNA sequence is 2376 bp [8], compared with the 1382 bp
MICA transcript, the difference in length due to a large 3’ untranslated sequence in
MICB. However, the lengths of MICA and MICB open reading frames (ORFs) are
equal, and both transcripts encode a 383 amino acid polypeptide chain with molecular
weight of 43 kDa with 83% identity at the amino acid level [3,8]. In contrast to typical
MHC class I genes, both MICA and MICB transcripts are absent from cells of lympho-
hematopoeitic cell lines such as T cells, B cells and monocytes, but are strongly
transcribed in fibroblasts and epithelial cell lines [3,8]. Expression levels of both
MICA and MICB transcripts are not affected by type I and II interferons [3], which are
known to markedly upregulate the level of typical MHC class I gene expression, but
are responsive to cell-stress due to heat shock responsive element in their promoters
[6,9]. MICA and MICB are conserved in most if not all mammals but appear to be
missing in the mouse [3,8]. Unlike all other MHC class I and related molecules, both
MICA and MICB molecules were not associated with b2-microglobulin (b2m) and
cytosolic peptides. Interestingly, recent work has demonstrated cell-surface expres-
sion of the highly glycosylated MICA molecule exclusively in the gastrointestinal
epithelium [9]. Although the amino acid sequence of both MICA and MICB molecules
is to some extent similar to those of HLA class I antigen molecules (approximately
30%), analysis of the predicted 3D structure revealed that both MICA and MICB
molecules resemble the mouse nonclassical MHC class I T10b and T22b, which are
recognized by gd T cells [3]. MICA is also recognized by NK cells. Therefore, MICA
and the closely related MICB might act as a ligand for a subset of T cells in the
intestinal intraepithelial lymphocyte compartment [9]. Given the unusual characteris-
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tics of the MICA and MICB genes and the evidence of the diverse functions of class I-
related molecules in antigen presentation and T cell recognition, it appears that MICA
and MICB are probably unrelated to conventional MHC class I antigen presentation
and may serve a specialized T cell immune surveillance function. 

T lymphocytes are generally thought to play roles in the pathogenesis and/or
modification of the clinical course of BD, since i) there is functional aberration of a
suppressor T cell subset derived from patients with pre-active BD [10], and ii) gd T
cells are the major cell type among infiltrating lymphocytes and their numbers are
increased in the peripheral blood of BD patients [11,12]. Based on this background,
we postulated that MICA and MICB moleucles are epitopes recognized by gd T cells,
and that once gd T cells are activated after expression of MICA and MICB, they elicit
BD-associated phenotypes. In this study, we introduced a human MICA or MICB
cDNA-expressing unit (transgene) into the mouse genome using transgenesis tech-
nique [13] to obtain information on the functions of MICA and MICB, and on the
possible involvement of these genes in the pathogenesis of BD.

RESULTS

cDNAs coding for MICA (carrying 5 repetitive alanines in the TM region and corre-
sponding to the normal allele) [3] and MICB [8] were kindly provided from Dr.
Bahram. Each cDNA was ligated to a CAG promoter system consisting of cytomga-
lovirus enhancer and promoter and the 1st intron of the chicken b-actin gene [14],
which confers strong and ubiquitous expression of the downstream cDNA sequence
in mice [15,16]. The resulting constructs for transgenic mouse production are shown
in Figure 1. Production of transgenic mice by pronuclear injection of transgene was
performed as described previously [17].

Of more than 30 F0 mice for each transgene obtained, six and ten mice were
identified to be transgenic by PCR analysis of genomic DNA from biopsied tails.

Figure 1 The CAG-MICA and CAG-MICB transgene constructs. Each fragment containing
MICA or MICB cDNA was inserted into the Eco RI site present in the 3rd exon of
rabbit b-globin gene in pCAGGS vector [14].
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Some F0 mice were unable to transmit their transgenes to F1 offspring, probably due
to mosaicism for the transgene. When F1 or F2 offspring of the established lines were
examined for transgene expression at Northern level, expression of MICA and MICB
mRNA appeared to be low (data not shown). We thus failed to obtain a high-expres-
sion transgenic line for each cDNA. Expression of MICA and MICB molecules thus
appears be somewhat toxic to mice.

When F1 offspring of 3 independent CAG-MICB lines that had been proven to be
expressed by RT-PCR analyses were examined for blood components, they all exhib-
ited 50% increase in the number of white blood cells (WBCs) compared to their non-
transgenic littermates (Fig. 2). These CAG-MICB lines also exhibited 60–70% reduc-
tion in body weight compared to their non-transgenic littermates at 3 to 4 months after
birth (Fig. 3).

The most striking feature of these CAG-MICB lines was temporary skin lesions
with exfoliation or scaling (Fig. 4). This phenotype first appeared around 10 days after
birth and disappeared after 2 weeks of age. It was repeatedly observed in the transgen-
ic offspring (heterozygous for the transgene) of 3 independent CAG-MICB lines ex-
amined.

Histopathological analyses of the skin of young mice exhibiting skin abnormalities
revealed hyperkeratosis of epidermis and thickening of the granular layer (Fig. 5).
Slight infiltration of inflammatory cells was also observed in the dermis. No perivas-
cular infiltration typically found in psoriasis vulgaris was observed. This abnormal
phenotype thus resembles human ichthyosis. Other main abnormalities associated
with BD (such as oral apthous ulcers, ocular symptoms and genital ulcerations) were
not observed in the CAG-MICB lines.

In the CAG-MICA transgenic mice, at least three phenotypic alterations including
reduction in the number of red blood cells (RBCs), alopecia and increased production
of serum IgG were observed. The average number of RBCs in the non-transgenic
control mice was approximately 10 × 106 per ml, while that in the CAG-MICA trans-
genic lines was approximately 7 × 106 per ml (Fig. 6). Of a total of 3 CAG-MICA lines
examined, one line exhibited alopecia which commenced 2–3 weeks after birth
(Fig. 7). Since alopecia is thought to be frequently associated with immune system
abnomalities, we next examined the amount of serum IgG by Ouchterlony’s test. The
results are summarized in Figure 8. Although the difference between the CAG-MICA
transgenic lines and non-transgenic control appears to be small, it was significant
(P<0.05).

Besides MICA and MICB, the HLA-B51 allele is thought to be one of the genes
principally responsible for the pathogenesis of BD [1]. In a previous study using
transgenic mice expressing human HLA-B51 molecule, phenotypic abnormalities as-
sociated with BD were not found in natural condition, but hyperfunction of neu-
trophils, which results in prodcution of substantial amounts of superoxide and is
known to be closely associated with BD, was induced in the HLA-B51 transgenic mice
by administration of FMLP [18]. In the HLA-B51 transgenic mice, the HLA-B51
molecule might not have been fully expressed on the surface of lymphocytes, since
human HLA-B51 appears not to interact efficiently with the endogenous mouse b2m
molecule. This may be supported by the following experiments. Transgenic rats ex-
pressing both human HLA-B27 and human b2m genes developed a spontaneous in-
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Figure 3 Comparison of the growth curves for F1 transgenic (Tg) and non-transgenic (non-Tg)
littermates of a CAG-MICB transgenic line. The transgenic mice exhibited 30–40%
reduction in body weight compared to their non-transgenic littermates throughout life.

Figure 2 Comparison of the number of white blood cells (WBCs) between F1 transgenic (Tg)
and non-transgenic (control) littermates of a CAG-MICB transgenic line. Blood was
isolated from the tail and examined for number of WBCs using an automatic blood
analyzer. The transgenic samples examined exhibited an approximately 50% increase
in the number of WBCs compared with the non-transgenic samples.

flammatory disease [19], and transgenic mice expressing HLA-B27 gene did not
exhibit arthritis, either spontaneous or induced [20]. These findings suggest that the
human HLA-B27 molecule interacts more efficiently with human b2m than with
mouse b2m , and that its expression is hampered by the presence of mouse b2m. This
hypothesis was confirmed by the observation that when HLA-B27 transgene was
introduced into b2m-deficient mice, spontaneous arthritis was observed in HLA-B27
transgenic mice lacking murine b2m gene (B27+ b2m-/-) compared with HLA-B27
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Figure 4 Skin lesion temporarily present in the CAG-MICB lines. A. A newborn transgenic
mouse, aged 4 days, never exhibited any skin abnormality. B,C. The same pup shown
in A, aged 8 days, began to exhibit clear skin lesions on both dorsal (B) and ventral
(C) sides. D. The pup shown in B and C exhibited numerous scales on its skin surface.

Figure 5 Hyperkeratosis of epidermis in the F1 offspring of a CAG-MICB line, aged 2 weeks.
The transgenic (Tg) sample exhibited hyperkeratosis in its epidermis and thickening
of the granular layer, while the non-transgenic (non Tg) sample did not.

transgenic mice carrying endogenous murine b2m gene (B27+ b2m+/-) [21]. In analo-
gy with HLA-B27, we suspect that introduction of HLA-B51 allele into mice express-
ing human b2m enhances expression of HLA-B51 on the surface of lymphocytes,
which may in turn increase the severity of BD-associated characteristics. 

We produced double transgenic mice (hereafter termed B51 x b2m) by mating the
HLA-B51 transgenic mice ([18]; obtained from Dr. Takiguchi at Kumamoto Univer-
sity) with mice overexpressing human b2m (unpublished; obtained from Dr. Maru-
yama of Niigata University). Peripheral lymphocytes were collected from the B51 x
b2m mice and non-transgenic mice, and examined for expression of MHC class I
molecules with flow cytometric assay using anti-pan class I antibodies. The results are
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Figure 6 Comparison of the number of red blood cells (RBCs) in F1 offspring between trans-
genic (positive) and non-transgenic (negative) littermates of a CAG-MICA line. Blood
was isolated from the tail of each mouse and examined for number of RBCs using an
automated blood analyzer. The average number of RBCs in the CAG-MICA transgen-
ic mice was approximately 7 × 106 /ml, while that in the non-transgenic mice was
approximately 10 × 106 /ml.

Figure 7 Alopecia found in one line of CAG-MICA transgenic mice.

Figure 8 Comparison of the amount of serum IgG in F1 offspring between the transgenic (Tg)
and non-transgenic (control) littermates of a CAG-MICA transgenic line, as evaluated
by Ouchterlony’s test. The transgenic samples exhibited a significant increase
(p<0.05) in the amount of serum IgG compared with the non-transgenic samples. The
longitudinal axis indicates the diameter (mm) of precipitation discs.
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shown in Figure 9. These profiles indicated that human HLA-B51 gene product was
expressed more efficiently on the cell surface of lymphocytes of the B51 x b2m mice
than that of the HLA-B51 mice. However, no abnormalities such as ocular lesions
mimicking BD were evident in any of these B51 x b2m mice yet examined. Experi-
ments are in progress, particularly concerning possible abnormalities in the immune
system in these B51 x b2m mice similar to those in CAG-MICA mice. Furthermore, we
are planning to introduce HLA-B51 x human b2m double transgenes into the mice
lacking murine b2m gene (b2m-/-). It is expected that mice (HLA-B51+ human b2m+

b2m-/-) will express HLA-B51 molecules more efficiently than the B51 x b2m mice in
the absence of intrinsic H2 molecules.

CONCLUSION

Table 1 shows a summary of this study. CAG-MICB transgenic mice exhibited tem-
porary skin lesions, as exemplified by hyperkeratosis, increase in the number of
WBCs and reduction in body weight. However, active lesions mimicking BD were not
observed in these mice. CAG-MICB mice appear to be an animal model of skin disease
such as ichthyosis. CAG-MICA mice exhibited altered phenotypes such as reduction
in the number of RBCs, alopecia and immune system abnormalities, but never exhib-

Figure 9 Cell-surface expression of human HLA-B51 molecules in lymphocytes of the B51 x
b2m double transgenic mice. Peripheral lymphocytes were isolated from non-trans-
genic (B6), HLA-B51 transgenic (B51) and B51 x b2m double transgenic mice
(B51 + hb2m), and analyzed by flow cytometric assay using anti-pan class I antibod-
ies, which can recognize both human HLA and murine H2 molecules. In each figure,
a large peak on the left side indicates expression of endogenous murine H2 antigen on
the cell-surface of lymphocytes. Notably, there is another prominant peak with a high
degree of fluorescence in the B51 x b2m sample. This profile appears to correspond
to the lymphocytes expressing human HLB-51 molecules on their cell-surface. In the
HLA-B51 transgenic sample, a slight shoulder is observed on the right side of the
control peak (corresponding to the murine H2-expressing lymphocytes) and appears
to correspond to the human HLA-B51-expressing lymphocytes.
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ited temporary skin lesions as observed in CAG-MICB mice. It remains unclear why
the phenotypic abnormalities of the CAG-MICA and CAG-MICB mice differed, since
MICA exhibits a high degree of similarity (83% homology at the amino acid level) to
MICB. The TM region of MICA is known to be quite different (18 of 65 amino acid
substitutions are clustered within this segment of 24 amino acids [6]) from that of
MICB. This low degree of similarity in the TM region may cause the difference in
phenotypes of CAG-MICB and CAG-MICA mice. Finally, B51 x b2m double transgen-
ic mice exhibited immune system abnormalities, but did not manifest any overt BD-
associated phenotypic characteristics throughout life. 

In this study, we attempted to produce a BD model by expressing MICB, MICA or
both HLA-B51 and b2m in mice, but failed, although immune system abnormalities
and temporary skin lesions were elicited in these mice. The following studies are now
in progress to create a BD mouse model: i) introduction of MICB, MICA or HLA-B51
gene or these three genes into mice (b2m-/-) lacking the b2m gene through mating, and
ii) introduction of the entire BD-susceptible region spanning 10–50 kb isolated from
BD patients into the mouse genome by the transgenesis method.

ACKNOWLEDGEMENTS

This work was supported by the grants of the Ministry of Education, Science, Sports
and Culture, Japan and the Ministry of Health and Welfare, Japan.

REFERENCES

1. Ohno, S., Ohguchi, M., Hirose, S., Matsudam H., Wakisaka, A. and Aizawa, M., Arch.
Ophthalmol. 100: 1455–1458, 1982.

2. Mizuki, N., Ota. M., Kimura, M., Ohno, S., Ando, H., Katsuyama, Y., Yamazaki, Y.,
Watanabe, K., Goto, K., Nakamura, S. Bahram, S. and Inoko, H., Proc. Natl. Acad. Sci. USA
94: 1298–1303, 1997.

aDetermined by Ouchterlony’s test.
bOnly after induction with FMLP; cited from Takeno et al. (1995) Arthritis Rheumat 38, 426–433.

Abbreviations are: ND, not determined; RBC, red blood cell; WBC, white blood cell.

Table 1 Summary of this study using transgenic mice.
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MITSUHIRO TAKENO, YOSHIHIRO SHIMOYAMA, HIROKO NAGAFUCHI, 
NOBORU SUZUKI AND TSUYOSHI SAKANE

11. Neutrophil Hyperfunction 
in Behçet’s Disease

ABSTRACT

Neutrophil hyperfunction is a hallmark of pathological features in Behçet’s disease.
We found that HLA-B51, which is the most well defined genetic marker in the disease,
is responsible for the neutrophil abnormality at least in part. As shown in human study,
neutrophils expressing HLA-B51 molecules in the transgenic mice revealed an in-
creased H2O2 production in response to formyl methonine-leucine-phenylalanin when
compared with controls. However, neutrophil hyperactivity in HLA-B51 transgenic
mice was not sufficient for development of clinical manifestations, suggesting that
additional genetic or environmental factors are also necessary for development of the
disease.

We found that circulating neutrophils in patients with Behçet’s disease spontane-
ously produce inflammatory cytokines. Especially in patients having active disease,
neutrophils synthesize IL-12 and IL-18, which stimulate Th1 cells. Thus, neutrophils
are implicated in the preferential activation of Th1 immune responses during active
disease. These data support the idea that neutrophil is a therapeutic target in Behçet’s
disease.

KEYWORDS: neutrophil; HLA-B51; Th1; NF-kB

INTRODUCTION

Neutrophil hyperfunction is one of the characteristic features in Behçet’s disease (BD)
[1]. BD neutrophils show various functional and phenotypical abnormalities, which
are involved in the pathophysiology of the disease; an increased chemotactic activity
and upregulated adhesion molecules contribute to abnormal neutrophil accumulation
in the lesions and excessive superoxides and proteolytic enzymes secreted by neu-
trophils are responsible for tissue injuries. Neutrophil is one of therapeutic targets in
BD, as colchicine, which has inhibitory effects on neutrophil chemotaxis and neu-
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trophil-endothelial cell interaction through adhesion molecules, has been introduced
into the first line of therapies for BD in Japan [2].

Nevertheless, it is uncertain what causes neutrophil hyperfunction in BD. In spite
of a close association of HLA-B51 with BD, the pathogenic role remains undeter-
mined. We here review the implication of HLA-B51 in neutrophil hyperfunction on
the basis of studies in human and HLA-B51 transgenic (Tg) mice [3–5].

We also focus cytokine production by neutrophils in patients with BD. Neutrophils
had been recognized as exclusive terminal effector cells in inflammatory sites until
recent studies revealed that neutrophils produce various cytokines, which regulate the
immune system including Th1 versus Th2 balance. We show the possible role of
neutrophil-derived cytokines in the development of BD.

NEUTROPHIL HYPERFUNCTION IN HLA-B51 TARNSGENIC MICE

We and others have demonstrated that HLA-B51 is implicated in neutrophil hyper-
function as shown in Table 1 [3–5]. However, it is difficult to determine whether the
HLA-B51 antigen itself is primarily responsible for the neutrophil hyperfunction.

To this end, we generated HLA-B51 Tg mice as described elsewhere [5]. The
transgene was derived from a healthy donor having HLA-B*5101, which is the most
frequent subtype of HLA-B51 in both healthy controls and BD patients. We found that
neutrophils from HLA-B51 transgenic mice produced significantly higher amounts of
H2O2 in response to formyl methonine-leucine-phenylalanin (fMLP) than those from
wild type and HLA-B35 Tg mice [5]. On the other hand, no difference was seen in
PMA- or opsonized zymosan-induced H2O2 production among three groups. While
fMLP triggers respiratory burst by primed neutrophils, PMA or opsonized zymosan can
stimulate unprimed neutrophils to produce superoxide. The data suggest that neu-
trophils are primed in vivo and ready to respond to fMLP in HLA-B51 Tg mice, whereas
those are resting in control mice. It is likely that the HLA-B51 antigen itself is directly
involved in the neutrophil hyperactivity, though the precise mechanism is unknown. 

It has been controversial whether the susceptibility to BD is determined by the
HLA-B51 or nearby other gene in linkage disequilibrium with HLA-B51. Extensive
genetic studies have not identified any genes that have a stronger association with BD
than the HLA-B51 gene. The facts also support that the HLA-B51 antigen may be
primarily involved in the disease. 

Nonetheless, we did not find any clinical and pathological findings resembling
human BD in the HLA-B51 Tg mice (Table 2). Rather, it is plausible that other genetic
or environmental factors are also implicated in development of BD.

Table 1 Implications of HLA-B51 in human neutrophil function.

1. Enhanced neutrophil chemotaxis is associated with HLA-B51 positive BD patients, but not 
negative patients [3].

2. Neutrophils from HLA-B51 positive healthy individuals show an increased chemotaxis and 
superoxide production when compared with HLA-B51 negative healthy individuals [4].

3. Neutrophils from HLA-B51 positive individuals synthesize higher amounts of superoxide in 
response to fMLP than those from negative individuals [5].
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SPONTANEOUS CYTOKINE PRODUCTION BY NEUTROPHILS

Neutrophils reveal various functional abnormalities as effecter cells in patients with
BD. We here focused on cytokine production by neutrophils. RT-PCR techniques
revealed that neutrophils from healthy donors did not express mRNA of IL-1alpha, IL-
18 and TNF-alpha at all, whereas they did express mRNA of these cytokines in
response to lipopolysaccharide in vitro. In contrast, freshly isolated neutrophils from
BD patients expressed mRNA of TNF-alpha and IL-1alpha, irrespective of their dis-
ease activity. IL-18 mRNA was also detected in neutrophils from patients having
active disease but not those in remission.

We measured IL-12 in the neutrophil culture supernatants by ELISA, because it is
hard to assess the synthesis of bioactive IL-12p70 heterodimer by using the RT-PCR
technique. We found that neutrophils spontaneously secreted substantial amounts of
IL-12p70 in BD patients having active disease but not those with inactive disease and
normal controls. However, there was no significant difference in IL-8 production by
neutrophils between controls and BD patients, even those having active symptoms. 

As summarized in Table 3, neutrophils spontaneously produce IL-1alpha and
TNF-alpha in BD patients, irrespective of their disease activity. It is plausible that BD
neutrophils are functionally upregulated not only as terminal effecter cells but also as
afferent cells.

Proinflammatory cytokines have stimulatory effects on neutrophils. Elevated cir-
culating levels of IL-1 and TNF-alpha, both of which are responsible for neutrophil
priming, were noted in BD patients [6,7]. Our data suggest that neutrophil is one of
the sources of these cytokines and that neutrophil-derived cytokines may activate
neutrophils themselves in an autocrine fashion. On the other hand, our data did not
support that neutrophils are major sources of IL-8, though the cytokine was also
shown to be responsible for neutrophil activation and tissue infiltration in BD [8].

There is a striking difference in intracellular biochemical events between effector
functions and cytokine production. Cytokine synthesis requires the gene activation

Table 2  Features of HLA-B51 Tg mice.

superoxide production histological 
findings

clinical
manifestations fMLP-induced PMA-induced

HLA-B51 Tg + ++ - -

HLA-B35 Tg - ++ - -

Wild type - ++ - -

Table 3  Cytokine production by peripheral neutrophils and disease activity in BD patients.

 IL-1alfa TNF-alfa IL-12 IL-18 IL-8

healthy control - - - - +

BD inactive + + - - +

BD active + + + + +
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that is regulated by transcription factors, whereas superoxide production and chemo-
taxis do not. We examined activation of NF-kB, which is involved in gene transcrip-
tion of TNF-alpha and IL-1alpha, in peripheral neutrophils from patients with BD. The
gel shift assay demonstrated that NF-kB translocated from cytoplasm to nuclei in
response to TNF-alpha or LPS in neutrophils from normal donors. In contrast, NF-kB
is detected in nuclei of freshly isolated neutrophils from BD patients. The results
suggest that the constitute activation of NF-kB in neutrophils leads to spontaneous
production of IL-1alpha and TNF-alpha.

Our study also showed that the production of IL-12 and IL-18 is associated with
clinical exacerbations. Both of the cytokines stimulate T cells to produce interferon
(IFN)-gamma. To determine whether the neutrophil-derived cytokines affect T cell
function, we measured IFN-gamma production by anti-CD3 monoclonal antibody
(mAb)-stimulated T cells in presence of neutrophil supernatants. Indeed, a potent IFN-
gamma inducing activity was detected in neutrophil supernatants from BD patients
with active disease but not those in remission and normal controls. The findings were
concordant with the cytokine profiles of neutrophils, suggesting that neutrophil-de-
rived cytokines may contribute to the skewed Th1 cytokine production during the
disease exacerbations [9,10].

CONCLUSIONS

1. The HLA-B51 antigen itself may be directly involved in the neutrophil hyperac-
tivity, though the precise mechanism is unknown.

2. The HLA-B51 mice did not express clinicopathological findings like human BD,
indicating that other genetic or environmental factors are also implicated in devel-
opment of the disease.

3. Neutrophils spontaneously produce various cytokines, which may be implicated in
the neutrophil activation, endothelial abnormalities and the Th1 shift in BD. 
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SEONGHYANG SOHN, EUN-SO LEE, DONGSINK BANG AND SUNGNACK LEE 

12. Role of Infectious Organisms 
in Behçet’s Disease

ABSTRACT

Etiopathological factors for Behçet’s disease (BD) have been studied in various as-
pects. The streams have been connected to genetic background, infection, and autoim-
mune mechanism. The infectious etiopathology has been focused on the streptococcus
and herpes simplex virus. Streptococcal components were deposited at the site of
vessel wall and inflammatory infiltrates. Acquisition of hypersensitivity to streptococ-
cal antigens may play an important role in the appearance of lesions in patients with
BD. Viral etiology was first described and speculated by Hulusi Behçet in 1937. By
the development of molecular biological tool, herpes simplex virus (HSV) etiology
has taken an important part. Mouse model induced by HSV was very similar to the
human patients in the appearance of symptoms, expression pattern of cytokines and
efficiency of treatment. Human heat shock protein 60 kD has homology to mycobac-
terium HSP 65 kD, inducible by heat, stress and microorganism infection, could
induce uveitis, one of major symptoms of this disease, in rat. 

KEYWORDS: Herpes simplex virus; streptococcus; heat shock protein

Kaneko F et al. has suggested that infection induced allergy could react as an etiopa-
thology of Behçet’s disease (BD) (Table 1) [1,2]. They have also reported that strep-
tococcal bacteria induced intense delayed hypersensitivity in BD patients compared to
normal healthy controls in intradermal reaction. They tried to detect deposits of im-
mune complexes in the aphthous ulcers and erythema nodosum (EN)-like eruptions.
Deposits of IgM and positive fluorescence of anti-streptococcal serum were found in
vessel walls and sites infiltrated by inflammatory cells [3]. In 1991, to elucidate the
mechanism of the interaction between lymphocytes and neutrophils in the infiltrates
of the BD lesions, Kaneko F et al. studied hypersensitivity against S. salivarius. They
demonstrated that aphthous ulceration of patients with BD showed inflammatory
infiltrates consisting of neutrophils and lymphocytes under the ulcer lesion. From the
immunohistochemical results, deposits of streptococcal components were found at the
site of inflammatory infiltrates. This finding suggested that streptococci in the oral
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cavity played an important role in aphthous ulcer formation [4]. From these results,
Kaneko et al. concluded that the acquisition of hypersensitivity to streptococcal anti-
gens plays an important role in the appearance of oral cavity and other lesions in
patients with BD.

Isogai E et al. has also suggested that streptococcus infection and etiology of BD
were related. Recently, they applied heat shock to Streptococcus sanguis infected
mice to demonstrate infection with Streptococcus sanguis was associated with BD.
Streptococcus sanguis strain BD 113–20 was inoculated in the oral cavity of germ free
mice and the effect of heat shock was examined. Colonization was persistent, inflam-
matory cytokines were detected in oral inflammatory sites, and ocular lesions, and
systemic immune response was seen in the heat shock group. Pretreatment of heat
shock enhanced the inflammatory response of oral mucosa in the mice [5]. Ohno
group also reported Streptococcus sanguis infection and neutrophil hypersensitivity in
the development of BD in mice. Granulocyte-colony stimulating factor (G-CSF) has
a priming activity on neutrophil function. G-CSF alone did not stimulate the respira-
tory burst, but primes for superoxide production with various stimuli. Streptococcus
sanguis was infected in oral and sub-mucosal area of G-CSF transgenic mice. There
was a clear association between the number of Streptococcus sanguis and severity of
the disease process. This evidence suggested that bacteria could induce primary me-
diators of the inflammatory process [6]. 

It is well known that Hulusi Behçet first described and speculated that the lesions
might be from viral infection according to his clinical observations. Later, Sezer FN
[7] and Evans AD et al. [8] also reported that BD was caused by viral infection but
they did not mention any specific virus probably due to the limits of diagnostic tools
at that time.

The numbers denote mean SD of (Length+Width)/2 of erythemas

Table 1 Intradermal reaction in patients with Behçet’s disease (n=84) and normal healthy
controls (n=10). 

Bacterial vaccines Behçet’s disease Normal controls

(1x105 org/mL) 15 min 48 h 15 min 48 h

S. pyogenes 17 ± 8 41 ± 15 11 ± 11 18 ± 6

S. viridans 18 ± 7 46 ± 11 14 ± 4 12 ± 3

S. non-hemolyticus 17 ± 7 35 ± 14 15 ± 5 13 ± 4

S. faecalis 10 ± 8 10 ± 19 12 ± 11 10

Pneumococcus 16 ± 10 32 ± 14 18 ± 9 13 ± 4

E. coli 16 ± 7 16 ± 11 12 ± 1 11 ± 2

H. influenzae 11 ± 10 15 ± 15 19 ± 13 11 ± 12

Sta. aureus 18 ± 7 12 ± 13 13 ± 7 10 ± 1

Sta. epidermidis 15 ± 7 16 ± 7 12 ± 7 11 ± 2

Prot. vulgaris 10 ± 16 28 ± 13 16 ± 6 17 ± 4

Pseud. aeruginosa 11 ± 1 22 ± 11 12 ± 3 15 ± 0

SK-SD (50 U/mL) 19 ± 12 20 ± 9

Saline 12 ± 4 10 ± 1
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Due to the development of polymerase chain reaction (PCR) technique, research
related to viral infection became active. In 1991, Studd M et al. first reported that
HSV-1 DNA was highly detected in blood cells of patients with recurrent oral ulcers
and patients with BD compared to controls using PCR [9]. Our study group also
confirmed that in the saliva of patients with BD, HSV DNA was detected statistically
higher by PCR. Of 66 DNA preparations from the saliva of the patients, 26 (39.4%)
showed the HSV DNA band. This contrasts with 12 of 87 preparations (13.8%) from
healthy controls [10] (Fig. 1). In genital ulcers of BD patients, all 9 patients showed
the HSV DNA band. As for the control, nine episiotomized tissues did not show any
HSV DNA band [11]. Also, in intestinal ulcers of BD patients, all 7 patients showed
the HSV DNA band. As for the control, 13 patients with Crohn’s disease showed 2
positive HSV DNA [12] (Figs. 2,3). In erythema-nodosum-like lesion, 13 out of 20
patients showed positive HSV DNA (Table 2). 

Based on the above-mentioned results, we induced BD-like symptoms inoculated
by HSV in ICR mice. 258 mice were inoculated with HSV in a scratched earlobe twice
in 4 week intervals and followed for the next 16 weeks. About 30% of inoculated mice
showed BD-like symptoms, accompanied more than two symptoms in one mouse [13]
(Fig. 4). Strangely, when we tried this with hairless mice, none of the 23 mice showed
any BD-like symptoms. We thought that major histocompatibility complex (MHC)
could be involved in development of BD symptoms. We then applied HSV to several
inbred mice, such as B10.BR (H-2k), B10.RIII (H-2r), C57BL/6 (H-2b), C3H/He (H-
2k), Balb/c (H-2d), which have different types of MHC. BD-like symptoms developed
in 40–50% of B10.BR, B10.RIII and C57BL/6 strains, but in only 2% of C3H/He and
Balb/c (Table 3). B10.BR and C3H/He strains had a common haplotype (H-2k), but
the rate of manifestation was different. Therefore, we concluded that MHC is not
directly correlated with development of BD-like symptoms [14]. 

Kim YC et al. tried to determine if herpes infection regulated the expression of cell
adhesion molecules in cultured human dermal microvascular endothelial cells(HD-
MEC) and if it regulated T lymphocytes binding to HDMEC. The expression of
intracellular adhesion molecule 1 (ICAM-1), vascular cell adhesion molecule-1
(VCAM-1), or E-selectin on HDMEC increased after treatment with HSV-1, HSV-2

Table 2 Detection of HSV DNA in various lesions of Behçet’s disease by PCR.

Lesions Groups n Positive n (%) p-value

Saliva Patients 66 26 (39.4) < 0.01

Control (normal healthy) 87 12 (13.8)

Genital ulcer Patients 19 16 (66.7) < 0.01

Control (normal healthy) 19 10 (0.0)

EN-like skin lesion Patients 20 13 (65.0) < 0.01

Uninvolved skin of patients 15 15 (33.3)

Psoriasis 10 11 (10.0)

Control subjects 20 14 (20.0)

Intestinal ulcer Patients 17 17 (100.0) < 0.001

Control (Crohn’s disease) 13 12 (15.4)
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or measles virus on HDMEC. The increased binding of T-lymphocyte after treatment
with HSV-1 was significantly decreased by co-incubating with anti-ICAM-1 antibody
or with anti-ICAM-1, anti-VCAM-1 and E-selectin antibody simultaneously [15]
(Fig. 5,6).

Figure 1 Electrophoresis of PCR amplified HSV DNA in saliva of patients with Behçet’s
disease. lane 1; 123 DNA ladder as size marker, lane 2; positive control, lane 3;
negative control, lane 4–6; patients sample. 

Figure 2 PCR reveals HSV DNA in Behçet’s disease patients with intestinal ulcer. M; 123
DNA ladder as size marker, C; positive control, N; negative control, 1–7; patients
sample.

Figure 3 PCR reveals HSV DNA in patients with intestinal Crohn’s disease from deparaffin-
ized tissue.



Role of Infectious Organisms in Behçet’s disease 107

Famciclovir, an antiviral compound, was administered for the treatment of lesions,
such as oral, genital, skin ulcer, and eye involvement, in the HSV-induced BD mouse
model. Famciclovir improved these BD-like symptoms (Fig. 7). Administration of
Famciclovir from the day of lesion occurrence was effective in 40% of BD-like symp-
toms (Table 4). Specifically, Famciclovir treated BD-like mice did not have a recur-
rence of oral and genital ulcers. Pretreatment or concurrent treatment of Famciclovir
with HSV injection did not affect the incidence of development of BD-like symptoms.
After Famciclovir administration, IL-2 expression correlated with the recurrence of
BD-like symptoms. This may indicate the possible role of immune responses com-
bined with bacterial or viral infection in development and activation of BD [16].

The Lehner group has suggested that heat shock protein (HSP) plays a critical role
in etiology of BD. Stress proteins or HSP are immunoreactive proteins found in

Figure 4 BD-like symptoms; a. earlobe and scruff ulcer, b. arthritis, c. oral ulcer, d. genital
ulcer.

BD: Behçet’s Disease-like. 
B10.BR, B10.RIII, C57BL/6 and C3H/He strains were bred to 4 weeks old in SPF animal 
facility, then transferred to conventional clean facility.

Table 3 The number of Behçet’s disease-like symptomatic mice and strains after ear-lobe
inoculation with 1.0 × 106 p.f.u. of HSV.

No. (%)

Strain B10.BR B10.RIII C57BL/6 C3H/He Balb/c

BD Symptoms 27 (50.0) 24 (49.0) 12 (40.0) 11 (2.0) 11 (2.2)

Death 15 (9.3) 16 (12.2) 14 (13.3) 12 (4.0) 13(6.7)

Normal 22 (40.7) 19 (38.8) 14 (46.7) 46 (94.0) 41(91.1)

Total 54 (100) 49 (100) 30 (100) 49 (100) 45 (100)
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Figure 5 Effect of anti-cell adhesion molecules antibody on T-lymphocytes-HDMEC binding.
The increased binding of T-lymphocyte after treatment with HSV-1 was significantly
decreased by co-incubating with anti-ICAM-1 antibody or by co-incubating with anti-
ICAM-1 antibody, anti-VCAM-1 antibody and anti-E-selectin antibody simultane-
ously.

Figure 6 Effect of HSV and measles virus on T-lymphocytes-HDMEC adherence. HDMEC
were treated with HSV-1, heat-inactivated HSV-1, HSV-2, measles virus, and CMV
for 4 h and co-incubated with 51Cr labeled T-lymphocytes. The binding of T-lym-
phocytes increased after treatment with HSV-1, HSV-2, and measles virus, but did not
increase significantly after treatment with heat-inactivated HSV-1 or CMV.
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microorganism and animal tissues. Besides heat, stress proteins are also induced by
anoxia, heavy metals, H2O2, and viruses. The rationale for investigation of HSP in the
pathogenesis of Behçet’s disease is that 4 species of streptococci (Streptococcus san-
guis, pyogenes, faecalis, salivarius) have been implicated in the etiology of BD.
Microbial (Mycobacterium) HSP 65 kD has homology with human HSP 60 kD. Hu-
man 60 kD HSP derived peptide 336–351 induced clinical and/or histological uveitis
in 80% of subcutaneous immunized rats. The single symptom of this animal model is
the clinical symptom, uveitis [17]. If HSP could induce BD symptoms (at least two
symptoms in one animal) in rats, it could very clearly explain the etiology of BD
because HSP could explain the hypotheses of streptococcal infection, viral infection,
and even environmental pollutants. However, HSP was not enough even though it has
obvious roles in inducting BD symptoms, specifically, eye symptom. 

What is the other factor contributing to the induction for BD by combinational
reaction with HSP? When macrophage knockout with liposome-encapsulated clodro-
nate, the incidence of BD was lowered compared to no-knockout group in ICR mice.
Macrophage knockout group expressed Th2 cytokine, IL-4. Th2 cytokine, IL-4 and
IL-10 have important roles in the improving BD symptoms in HSV-induced mouse
model [18]. Balancing Th1 and Th2 cytokine might be part of its role in induction of
BD.

Figure 7 Famciclovir administration to BD-like mice. After Famciclovir administration, 40% of
BD-like mice were improved. a. before the administration, b. after the Administration. 

Improvement after the famciclovir treatment occurred for bullae and skin crusting, as well as 
for oral, genital, and skin ulcers, and eye involvement. Recurrent symptoms after famciclovir 
treatment consisted of skin ulcers at the same or different site, and eye involvement. 

Table 4 Famciclovir efficacy in herpes simplex virus inoculated symptomatic ICR mice

Single symptom 
n=26 (%)

BD symptom 
n=25 (%)

Initial improvement 20 (77.0) 22 (88.0)

Recurrence 5 (19.2) 12 (48.0)

Actual improvement 15 (57.7) 10 (40.0)

No change 11 (3.8) –

Deterioration 11 (3.8) –
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CONCLUSION

From the above, we can conclude that HSV is one of the etiological triggering factors
in pathogenesis of BD. However, the role of HSV in pathogenesis of BD does not rule
out the streptococcal infection. Also, the induction of BD could possibly by not only
cause streptococcal infection and HSV infection but also other factors such as envi-
ronmental pollution or standard of living.
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13. The Role of Heat Shock Proteins 
in Behçet’s Disease

ABSTRACT

The aetiology of Behçet’s disease (BD) has been associated with some strains of
Streptococcus sanguis and Herpes simplex virus. Heat shock protein (HSP) is a com-
mon microbial agent and has significant homology with human cellular HSP. The
evidence in favour of HSP as an aetiological factor in BD was initially based on
finding significantly increased T cell proliferative responses and B cell antibodies to
defined HSP65 epitopes in patients with BD. These peptide epitopes induce uveitis in
Lewis rats, when administered by the oral mucosal or systemic route. Furthermore, the
stress response MICA gene shares nucleotide sequences with the human HSP70 pro-
moter and is in linkage disequilibrium with HLA-B51. During active disease, cytokine
and chemokine networks are polarised towards the TH1 cytokines. The evidence from
the studies of HSP, MICA gene and gd T cells has converged towards the concept that
the multi-system immunopathology of BD is generated by an over-reaction to micro-
bial stress proteins.

KEYWORDS Behçet’s disease; heat shock proteins; gd T cells.

INTRODUCTION

The aetiology of BD has been associated with a variety of microorganisms,especially
Herpes simplex virus and Streptococcus sanguis. A common microbial agent may be
involved, such as heat shock protein (HSP) which shows significant homology with
human cellular HSP. The evidence in favour of HSP as an aetiological factor and in
the pathogenesis of BD will be reviewed. The concept will be developed that the
multisystem immunopathology of BD is caused by an over-reaction to microbial stress
proteins.
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HSP65 AND STREPTOCOCCAL AETIOLOGY

Streptococcus sanguis or its cross-reactivity with oral epithelial antigens has been
implicated in the aetiology of recurrent oral ulcers [1–3] and S. sanguis, S. pyogenes,
S, faecalis and S. salivarius in the aetiology of BD [4, 5]. The S. sanguis found in
lesions of patients with BD were uncommon serotypes [6]. Significant IgA and to a
lesser extent IgG antibodies to these streptococci (KTH-1 to 3) were found in patients
with BD [7]. S. sanguis stimulated T cell proliferation, IL-6 production and upregula-
tion of mRNA of IL-2 and IFNg [8, 9]. Furthermore, S. sanguis found in BD cross-
reacted with oral mucosal antigens and this was accounted for by shared homology
between the microbial and human 65kD heat shock protein [7]. This is also consistent
with early autoimmune findings in BD and recurrent oral ulceration [10, 11].

The number of strains of streptococci implicated in the aetiology of BD and the
cross-reactivity with oral mucosal antigens raised the hypothesis [7] that a common
antigen, such as stress or heat shock protein (HSP) found in most Gram-positive
bacteria [12] might account for these diverse observations. Indeed, Western blot
showed cross-reactivity between these streptococci and the HSP65, as well as signif-
icant increases in IgA and IgG antibodies to HSP65 in sera from patients with BD [7].
Although stimulation of PBMC with HSP65 yielded high stimulation indices in BD
(10.9+1.8), this was not significantly different from healthy controls, disease controls
or patients with recurrent oral ulcers [13]. HSP from one bacterial species shows
considerable homology with that of other bacterial species, so enhanced immunity
may be boosted naturally by intercurrent infections that have been implicated in BD.

T AND B CELL EPITOPE MAPPING OF HSP

T cell epitope mapping (Fig. 1) identified 4 peptides derived from the sequence of the
65kD HSP [13] which stimulate specifically gd+ T cells from patients with BD [14].
These peptides (111–125, 154–172, 219–233 and 311–325) showed significant ho-
mology with the corresponding peptides derived from the human 60kD HSP [13]. The
B cell epitopes within mycobacterial HSP65 or human HSP60 overlapped with the T
cell epitopes and both IgG and IgA antibodies were identified [15]. Among the 4 T
and B cell epitopes, peptide 336–351 or microbial HSP65 (311–325) is significantly
associated with BD in Britain [13, 14], Japan [16] and Turkey [17]. HSP60/65 was
also found to be significantly increased in the epidermal cells of skin lesions in BD
[18], and antibodies to HSP65 were raised in the cerebrospinal fluid from patients with
neurological manifestations of BD [19]. Thus, there is an increasing body of evidence
to suggest the involvement of HSP65 and specific epitopes within this molecule in the
pathogenesis of BD.

Further T cell epitope mapping within the HSP65 molecule revealed that peptide
91–105 is specific in stimulating T cell proliferation in patients with recurrent oral
ulcers [20]. This epitope is separated only by 5 residues from the BD-specific peptide
111–125. Furthermore, the epitope responsible for adjuvant arthritis in Lewis rats
(p.180–188) is found between two BD epitopes (p.154–179 and p.219–233). These
findings raise the possibility that adjuvant arthritis in rats may be more relevant as an
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animal model of BD arthritis than that of rheumatoid arthritis which is more distant
(p.241–265), especially if conformational epitopes are involved.

It is remarkable that although ROU is the only consistent feature of BD, the T cell
proliferative response to peptide 91–105 is lost in BD. Thus, T cells from patients with
ROU respond only to peptide 91–105, whereas patients with BD, still manifesting ROU,
loose their reactivity to this peptide and develop a responses especially to peptide 336–
351. The intramolecular switch in HSP65 from aa 91–105 to 336–351 is therefore of
great significance and deserves further attention. Peptide 91–105 has been subjected to
further studies [21] and this revealed that the critical residues are found in the carboxy
terminal part of peptide 91–105 (residues Leu 98, Arg 100, Arg 104 and Asn 105).

PATHOGENICITY OF HSP65 PEPTIDES

The potential pathogenicity of these peptides in inducing some of the manifestations
of BD was then tested in Lewis rats. Subcutaneous immunization with any of the 4
peptides but especially with peptide 336–351 and adjuvants elicited uveitis in about
80% of Lewis rats [22, 23]. A mucosal model of induction of uveitis was then devel-
oped in rats by oral or nasal administration of p336–351 without an adjuvant [24], and
this is consistent with the onset of oral ulceration in more than 90% of patients with
BD. Mucosal induction of experimental uveitis appears to be mediated by CD4+ T
cells, whereas suppression is induced by CD8+ T cells or IL-4 [24]. This finding is
consistent with peptide 336–351 eliciting IL-12, a TH1 cytokine from CD4+ T cells,
whereas CD8+ T cells secrete cytokines which suppress TH1 cell function [25].

ADJUVANT EFFECT OF HSP

Microbial HSP65 and HSP70 function as potent stimulators of the 3 CC chemokines,
RANTES, MIP-1a and MIP-1b but not MCP-1 (Fig. 2) [26]. The chemokines are

Figure 1 Relative frequency of short term cell lines (STCL) yielding stimulation indices ≥ 3
with 4 selected peptides, heat shock protein (HSP) and a control peptide.
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generated to a comparable extent, irrespective of whether the HSP is empty (i.e. ATP-
treated) or loaded with a peptide (Fig. 2). The function of these chemokines is to
attract immature dendritic cells, macrophages, T and B cells [27–31]. It is therefore
not surprising that HSP65 and HSP70 act as systemic [32, 33], as well as mucosal
adjuvants [26]. HSP65 and HSP70 are the only known reagents to modulate both
systemic and mucosal immunity and this property might be important in BD which is
one of a few multisystem diseases with major mucosal and systemic manifestations.
An important issue, however needs to be resolved, that is whether the microbial HSP
cross-reacting with human HSP is adequate to account for the immunopathogenesis of
BD or if there is a peptide within the pocket of HSP that is specific for BD. It is
noteworthy that HSP70 acts as molecular chaperone in folding, unfolding and trans-
location of proteins and peptides [34]. It is also significant that HSP70 is one of the
few external reagents that can translocate antigens into the class I pathway, thereby
inducing TH1-type immune responses [35].

Investigation of HSP has suffered in the past from a failure to identify the corre-
sponding receptors. This has been rectified very recently, by the report that human
HSP60 binds to CD14 [36] which functions as an innate receptor on macrophages and
neutrophils. However, microbial HSP70 utilises the CD40 receptor [37] which is a
costimulatory molecule on dendritic cells, macrophages and B cells and is critical in
the interactions with the CD40 ligand, especially in CD8+ T cell responses [38, 39].
Interaction between HSP70 and CD40 costimulatory molecules activates CC chemok-
ines and may function as a bridge between innate and adaptive immunity [37].

Figure 2 The effect of targeted iliac lymph node immunization with the mycobacterial 65 or
70 kD HSP, 3 times at monthly intervals in rhesus macaques, on the concentration of
CC chemokines (pg/ml) before and 1 month after the 3rd immunization.
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gd+ T CELLS IN BD

Further support for HSP involvement in BD comes from the finding that HSP65 and
HSP70 stimulates gd T cells to proliferate [40–42] and to generate the 3 CC chemok-
ines [26]. gd+ T cells are present in up to 10% of circulating blood of healthy individ-
uals and are usually either CD3+ CD4- CD8- or CD8+ T cells. An increased number
of gd+ T cells are found in the intestinal and female genital tracts. The proportion of
gd T cells is significantly increased in BD [43–46] and this is consistent with HSP65
and/or HSP70 stimulating gd T cells [40–42, 26]. This subset differs from ab T cells
in that it is not HLA restricted, and MICA molecules can present peptides to gd T cells
[47]. HSP peptides specific for BD stimulate gd T cells to proliferate [14]. Because of
the high specificity of these peptides for BD, stimulation of the T cell proliferative
response with the peptides can be used as a laboratory diagnostic test for BD. S.
sanguis also stimulates gd T cells to generate IL-2 and IFNg mRNA [10]. We suggest
that gd T cells play an essential role in the immunopathogenesis of BD, as they have
been consistently found to be increased in BD [43–46]. Stimulation of gd T cells with
microbial HSP or their constitutive peptides, coupled with the capacity of MICA gene
product to present peptides to gd T cells [47], enhances the significance of this subset
of T cells in BD. The precise function of gd T cells in BD needs to be determined but
they may initiate mucosal ulceration through their capacity (a) to generate TH1 or
TH2 cytokines [48], (b) to function as killer cells [49], (c) by mediating expression of
a keratinocyte growth factor (50), (d) by activating ab T cells [51] and (e) by generat-
ing CC chemokines [26].

MICROBIAL STRESS-INDUCED INNATE IMMUNITY MAY DRIVE 
ADAPTIVE IMMUNITY IN BD

The evidence from a number of laboratories worldwide has converged on to the
concept that the multi-system pathology in BD might be initiated by microbial stress,
activating HSP and the MICA cell stress response gene in epithelial cells. Indeed,
MICA contains heat shock elements defined in HSP70 genes and share nucleotide
sequences homologous with the human HSP70 promoter [50]. Thus, microbial stress
may activate HSP and MICA, and induce in genetically predisposed individuals a
cascade of cytokines and chemokines to stimulate innate immune responses. The
receptor for human HSP60 has been recently identified as CD14 [36], whereas the
microbial HSP70 utilises the CD40 receptor [37].

CD14 receptors are found on macrophages and neutrophils, whereas CD40 recep-
tors have a wider distribution, on macrophages, dendritic cells, B cells and endothelial
cells. These cells are stimulated to generate an array of cytokines and chemokines that
will elicit increased vascular permeability, acute phase proteins (including CRP, fac-
tor B and C9), and chemoattraction of mononuclear cells and neutrophils (Fig. 3). 

Innate immunity may drive adaptive immunity with specific CD4, CD8, gd T cell
and B cell responses and polarization towards the TH1-type of cytokines. Overall, the
recognition of interactions between HSP, MICA and gd+ T cells in the immunopatho-
genesis of BD raises the provocative hypothesis that BD might be a disease generated
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by over-reaction to microbial stress proteins. Essential elements in future research are
(a) To determine if the BD-HSP specific peptide can suppress the development of
uveitis not only in rats but also in humans. To this end a clinical phase I/II trial has
been launched. (b) To identify the critical cytokines and chemokines that are respon-
sible for maintaining disease activity. (c) To find out if HSP carry another peptide(s)
specific for BD in addition to the integral HSP defined peptides.

CONCLUSIONS

Behçet’s disease affects muco-cutaneous, occular, central nervous and joint tissues.
The aetiology of BD has been associated with a variety of microorganisms,especially
Herpes simplex virus and some strains of Streptococcus sanguis. A common microbi-
al agent may be involved, such as heat shock protein (HSP) which has significant
homology with human cellular HSP. The evidence in favour of HSP as an aetiological
factor in BD is based on the following findings. (a) T cell proliferative responses and
B cell antibodies are significantly increased to defined HSP65 epitopes in patients

Fig. 3 The potential role of HSP in the immunopathognesis of Behçet’s Disease.
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with BD in Britain, Japan and Turkey. (b) gd T cells are significantly increased in BD
and HSP65 or 70 upregulates gd T cells. (c) The HSP-peptide determinants defined in
patients with BD elicit uveitis in Lewis rats when administered by the oral mucosal or
systemic route. (d) HSP65 or HSP70 modulate both mucosal and systemic immunity,
by virtue of stimulating the production of chemokines and cytokines. (e) The MICA
gene is a cell stress response gene and shares nucleotide sequences with the human
HSP70 promoter. A significant association has been found between BD and the
MICA6 or MICA9 allele which is in linkage disequilibrium with HLA-B51 The
cytokine and chemokine networks are stimulated with polarisation towards the TH1
cytokines during active disease. The evidence from the studies of HSP, MICA gene
and gd T cells has converged towards the concept that the multi-system immunopa-
thology of BD is generated by an over-reaction to microbial stress proteins.
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ABSTRACT

Behçet’s disease (BD) is suspected to be triggered by environmental factors like
infections in patients with a particular genetic background. Besides an association of
BD to HLA-B51, a strong association to the transmembrane MICA allele A6 and the
extracellular MICA*009 have beeen described. Although the contribution of the
HLA-B51 molecule to the overall genetic susceptibility is estimated lower than 20%,
HLAB51 seems to be the only relevant pathogenic factor in BD.

KEYWORDS: Behçet’s disease; HLA-B51; MICA*009; genetic susceptibility

INTRODUCTION

Behçet’s disease (BD), a multisystemic inflammatory disorder with histopathologic
features of a leukocytoclastic vasculitis,.is mainly characterized by oral and genital
aphthous ulcers, skin lesions (papulopustules, erythema nodosum), uveitis/retinal vas-
culitis, oligoarthritis, thrombophlebitis or major embolism, vascular aneurysms, gas-
trointestinal ulcerations, and CNS vasculitis [1]. Behçet’s disease is most prevalent in
countries along the former “Silk Road” (Mediterranean countries, Middle East,
Asia [2]. The prevalence in Turkey is 370/100.000 in Anatolia and 80/100.000 in the
European part of the country. In Germany (Berlin) (Zouboulis, personal communica-
tion) the estimated prevalence among the Turkish inhabitants is 20,75/100.000, among
the Germans 0,55/100.000 (mean 2,26). Disease onset mainly occurs between the age
of 20 and 30 in all populations studied so far. 

Although the etiology and pathogenesis of BD are still unclear, the disease is
suspected to be triggered by environmental factors such as streptococcal or certain
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viral infections in patients with a particular genetic background [3]. Familial aggrega-
tion studies suggest a complex inheritance model [4–6]. Among various genetic mark-
ers, an association of BD to the HLA-class I molecule HLA-B51 is the most
commonly reported [7–10] (Table 1), but also strong associations of BD to the trans-
membrane MICA allele A6 and the extracellular MICA*009 allele which are inherited
centromeric in strong linkage disequilibrium to HLA-B51 have been found [11–14].
Centromeric as well as telomeric regions flanking the HLA-B51 locus including
HLA-C or HLA-DR alleles were not observed to show a consistent association with
BD (Table 2a,b) [15,16]. Recently, a novel susceptibility locus was claimed to be
localised in the telomere of chromosome 6p. [17]. 

HLA-B51 AND GENETIC PREDISPOSITION

The genetic marker most strongly associated with BD in several ethnic groups is
HLA-B51, with a frequency of 50–80% in the different patient groups of Europe and
Asia along the Silk route [7–10]. Increased presence of this antigen had an odds ratio
of 9.76 (58%, p<0.001) in a group of 33 German BD patients versus 9.13 in 92 Turkish
patients (75%, p< 0.001) analysed in our study in comparison to ethnically matched
controls (Table 3) [18]. This high prevalence of BD in association to HLA-B51 may
hold true only for hospital based patients. In a field study from Turkey, HLA-B51 was
present only in 26% of the cases [19]. Thus, it is not yet excluded that HLA-B51 might
be a marker of severity of BD rather than susceptibility. In addition, certain Northern
Amerindian people who have a high prevalence of HLA-B51 in healthy individuals
were not observed to suffer from BD [20]. It has been suggested that the other genetic
risk factors present in populations along the Silk Road might be absent among these
Amerindians or that causative environmental factors are lacking. In another hypo-

Table 1 Phenotype frequencies of HLA-B51 in patients with Behçet’s disease of different
world populations.

HLA-Allel Controls Patients X2 p Rel. Risk Ref.

Japan
N=140

Japan
N=81

Mizuki et al. 1992

B51 20 (14.3%) 47 (58.0%) 46.47 <0.00005 8.3

B52 26 (18.6%) 10 (12.3%)

Greece
N=30

Greece
N=31

Mizuki et al. 1997

B51 8 (26.75) 25 (80.6%) 15.78 <0.001 11.46

B52 0 1 ( 3.2%)

Ireland
N=24

Ireland
N=96

Kilmartin et al.1997

B51 6 (25.0%) 0 20.3 <0.002 6.3

B52 0 0
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thesis it was postulated that European and Asian populations with BD differ from
Amerindians in further genetic markers on the HLA-B51 extended haplotype due to a
higher frequency of recombinations within the MHC leading to disruption of further
susceptibility loci in linkage to HLA-B51 [2]. Thus, it is still an open debate whether

Table 2a Phenotype frequencies of HLA-C alleles among patients with Behçet’s disease. 

HLA-Allel Controls Patients p Rel. Risk Ref.

Spain
N=66

Spain
N=56

Sanz et al. 1997

Cw*1602 0 7 (12.5%) <0.047 20.15 (OR)

Cw*14 3 (4.5%) 3 ( 5.3%)

Cw*15 6 (9.9%) 8 (14.3%)

Japan
N=96

Japan
N=90

Mizuki et al. 1996

Cw*16 0 0

Cw*14 23 (24.0%) 44 (48.9%) <0.0005 3.0

Cw*15 7 (7.3%) 16 (17.8%). <0.043 2.7

Table 2b Phenotype frequencies of HLA-DR alleles among patients with Behçet’s disease.

HLA-Allel Controls Patients p Rel. Risk Ref

Italian
N=28

Italian
N=20

Kera et al. 1999

DRB1*11 11 (39.3%) 11 (55.0%) <0.077

Japan
N=45

Japan
N=79

Mizuki et al. 1992

DRB1*1501 5 (11.1%)  7 (8.9%) <0.05 0.3

DRB1*0802 1 ( 2.2%) 11 (13.9%) <0.05 4.49

Table 3 Comparison of German and Turkish patients with Behçet’s disease: Frequency of
HLA-B51x in patients and controls.

HLA
B*51x

All B*51x pos. B*51x neg. Odds ratio 95% con-
fidence
interval

p value

GERMAN

patients 33 19 14

contols 325 40 285 9,67 4,96 – 18,84 p < 0,001

TURKISH

patients 92 69 23

controls 93 23 70 9,13 4,84 – 17,24 p < 0,001
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the susceptibility to BD is influenced by HLA-B51 itself or by some other non-HLA
genes located around HLA-B in linkage disequilibrium with HLA-B51 [8].

HLA-B51 SUBALLELES AND GENETIC RISK 

HLA-B51 has been identified to comprise 29 suballeles at the nucleotide level and 27
subtypes at the protein level (IMGT/HLA Sequence Data Base; http://www.ebi.ac.uk/
imgt/hla). It has been reported that HLA-B*5101 is the most frequent suballele (up to
98%) in Japanese, Greek, Spanish, Italian and Arabian patients with BD, followed by
HLA-B*5108 [20–1]. In our study, we also performed PCR low- and high-resolution
subtyping of the HLA-B*51 locus in order to determine the frequency of HLA-B*51x
suballeles in 16 German and 64 Turkish patients and ethnically matched healthy
controls (61 German and 23 Turkish healthy controls selected for HLA-B*51x expres-
sion) (Table 4). Direct sequencing of overlapping Bw4-related PCR fragments of exon
2 and exon 3 allowed to define all known HLA-B*51x suballeles (B*51011–B*5129).
In the German and Turkish controls, a very similar distribution of the HLA-B*51x
suballeles was found, with HLA-B*51011 being the most frequent allele in both
ethnic control groups (Germans: 93.4%, Turkish: 86.9%) followed by HLA-B*5108
(Germans: 3.5%, Turkish: 10%). HLA-B*5108 showed a slightly higher frequency in
both patient groups than in the respective control groups. In addition, HLA-B*5107
present in a healthy German and a Turkish individual was another rare suballele only
in the investigated ethnic healthy controls, but not found in the patient groups. All
other defined HLA-B*51x suballeles were negative in the German and Turkish
healthy and diseased populations. In both patient groups, there was a tendency towards
a higher frequency of HLA*B51x homozygous individuals in comparison to their
respective controls (Germans: 10% of the patients vs. 2.5% of the controls; Turkish:
27% of the patients vs. 13% of the controls).

The data indicate HLA-*B5101 and HLA-B*5108 as predisposing genes for BD
in German and Turkish patients similar to BD cases of other ethnic origin. 

HLA-B*5101 and B*5108 share two amino-acid substitutions at position 63 and
67 as the only distinguishable sequence difference in comparison to HLA-B*5201
which is clearly not associated with BD. These amino-acid residues have been sug-
gested to be primarily responsible for the development of BD. The same amino-acid
substitutions are present in all other HLA-B*51x suballeles except in B*5107 and

Table 4 Comparison of German and Turkish patients with Behçet disease: Frequencies of
HLA-B51 subtype alleles in patients and controls.

HLA-Allel Controls Patients Controls Patients

German
N=61

German
N=16

Turkish
N=23

Turkish
N=64

B*51011 57 (93.4%) 14 (87.5%) 20 (86.9%) 52 (81.2%)

B*0505 1 0 0 1

B*5107 1 0 1 0

B*5108 2 (3.5%) 2 (14.2%) 2 (10%) 11 (17.1%)
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B*5122. B*5107 shares serin at position 67 with HLA-B*5201 whereas B*5122
carries cystein. 

CONCLUSION

Prevalence of BD in different European and Asian populations along the former Silk
Road is associated with a significantly elevated frequency of HLA-B*51x. BD in
these populations appears to be associated to a common motif of HLA-B*51x rather
than to specific suballeles (HLA-B*5101 or B*5108), since no differences in distribu-
tion of HLA-*B51x suballeles in both patient and control groups were observed.
However, contribution of the HLA-B51 molecule to the overall genetic susceptibility
is estimated to be less than 20% [24], since up to 30% of the patients are HLA-B51-
negative and since Amerindian populations in spite of a high prevalence of HLA-B51
do not suffer from BD. There may be also other susceptibility genes close or telomer
to HLA-B51 on the same haplotype. Although the exact pathogenic mechanism of the
HLA-B51 molecule in BD is still unknown, up to now , however, HLA-B51 seems to
be the only relevant pathogenic factor in BD [25]. 
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15. Peptide Motif of HLA-B*5101 
and the Linkage To Behçet’s Disease

ABSTRACT

The association between disease and MHC class I and II alleles has been reported
many times. In the occurrence of Behçet’s Disease, the HLA-B*5101 allele seems to
play a major role because this allele is expressed more frequently in Behçet’s disease
patients than in healthy individuals. Therefore, subtle differences in peptide specifici-
ty between the HLA-B*51 molecules should be highly relevant for research into
disease etiology. Starting from the basic features of HLA-B*51-restricted peptide
presentation, as elucidated several years ago, the disease-associated HLA-B*5101
was inspected more closely to define the peptide motif with a greater degree of preci-
sion for possible elucidation of disease mechanisms. 

KEYWORDS: Behçet’s disease; peptide motif; HLA-B51; natural HLA ligands

INTRODUCTION

Detailed information on peptide motifs of different MHC class I molecules is, among
other reasons, useful for obtaining information about molecular mechanisms which
could be responsible for the association between certain diseases and HLA alleles. 

The association between disease and MHC class II has been reported many times,
for example in the case of insulin-dependent diabetes mellitus (DR3/DR4), coeliac
disease (DQ) or multiple sclerosis (DR2) [1]. The most striking link between autoim-
mune disease and MHC molecules is observed in some allelic products of the class I
gene HLA-B*27 [2]. Another important HLA class I-associated disease is Behçet’s
disease [3,4]. In several populations, Behçet’s disease was found to correlate strongly
with the expression of HLA-B*51 [3]. At present, the B*51 group appears to comprise
27 alleles, B*5101-B*5127 [5]. Among the known B*51 alleles, HLA-B*5101 seems
to be the most strongly associated one because this allele is expressed more frequently
in Behçet’s patients than in healthy individuals of various populations [4,6–9]. In
addition, recent studies suggest that the HLA-B sequence determining HLA-B*51 is
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the true causative genetic factor in Behçet’s disease and not specific mutations or
linked genes that occur in specific individuals [10]. 

If HLA-B*5101 is indeed involved in the mechanisms of disease, the subtle differ-
ences in peptide specificity between the HLA molecules should be highly relevant for
research into disease etiology. The basic features of HLA-B*51-restricted peptide pres-
entation were in fact elucidated several years ago [11] and the peptide motifs of three
alleles of this group, namely HLA-B*5101, -B*5102, and -B*5103 have also been
determined. Due to the low sensitivity of peptide characterization techniques at that
time, only very few naturally processed ligands presented by B*51 subtypes have been
characterized. Nevertheless, it became evident from the peptide motifs that in contrast
to the HLA-B*5102 molecule, the HLA-B*5101 molecule allows the presence of
negatively charged amino acid side chains at the N-terminal position of the ligands.

In order to verify these findings and to establish a concrete peptide motif for the
disease-associated HLA-B*5101, we decided to inspect the HLA-B*5101 allele more
closely with the intention of defining the peptide motif more precisely and character-
izing a larger number of natural ligands. 

EXTRACTION OF HLA-B*5101 MOLECULES

HLA-B*5101 molecules were purified from a variant of the human EBV-transformed
B-cell line LCL721 [12], which was probably hemizygous for HLA-A*0201 and
HLA-B*5101 (C.A.Müller, Section for Transplantation Immunology, Tübingen). The
expanded cells were lysed and the HLA-B*5101 molecules precipitated with HLA-B-
specific B1.23.2 antibodies using protein-A sepharose columns. The peptide release
from the HLA molecules was carried out under acidic conditions and was followed by
ultrafiltration with a cut-off of 10 kDa. The resulting peptide fraction was separated
by reversed-phase HPLC, and the eluted peptides fractionated and sequenced individ-
ually off-line by tandem mass spectrometry.

IDENTIFICATION OF NATURAL B*5101 LIGANDS

The mass spectrometric analyses of these HPLC fractions led to the characterization
of 22 new HLA-B*5101 ligands (Table 1). We are aware of the fact that these peptides
represent only about 1% or less of the entire HLA-B*5101-presented peptide reper-
toire, since we expect several thousand different MHC-presented peptides with an
average copy number of identical MHC-peptide complexes amounting to approxi-
mately 33 [13]. The identified ligands are derived from cytosolic and nuclear proteins,
which are responsible for a broad variety of functions in the cell. Interestingly, none
of the ligands are derived from EBV proteins, even though the cell line used for MHC-
precipitation was EBV transformed. Furthermore, the occurrence of two pairs of
truncation variants of the same peptide is very remarkable (DANPYDSVKKI/
NPYDSVKKI and DPYKVYRIV/ DPYKVYRI). These two examples reflect the
different processing mechanisms that the peptides can undergo in the cell: on one hand
proteasomal processing, which is commonly thought to be responsible for the gener-
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ation of the C-terminus [14], and on the other hand amino-terminal trimming within
the cytosol [15] or the endoplasmic reticulum [16,17]. 

A REFINED HLA-B*5101 PEPTIDE MOTIF

On the basis of the new ligands, the published HLA-B*5101 motif (Table 2a) [11]
could be refined (Table 2b). In general, the peptide motif of HLA-B*5101 calls mainly
for peptides with eight or nine amino acids and a hydrophobic C-terminus [19]. The
differences between octamer and nonamer peptide requirements are discussed in detail
below. The assumption from the published motif that glycine (G) is an anchor residue
in HLA-B*5101 peptides could not be confirmed because none of the new ligands
possesses a glycine in position 2 and consequently, only one of at least 25 known
ligands contains this amino acid in an anchor position. Thus, in the refined motif, the
P2 pocket can be occupied by the small amino acids alanine and proline alone, whereas
glycine was relegated to the state of being only a preferred residue in this position. 

* recently published [18]; ** published in the SYFPEITHI-database

Table 1 HLA-B*5101 ligands presented by LCL721 as identified by mass spectrometry.

Sequence Source Amino acid
Position

DANPYDSVKKI* Diubiquitin 23–33

NPYDSVKKI Diubiquitin 25–33

DPYKVYRIV Interferon regulating factor 4 120–128

DAHIYLNHI** Thymidylate synthase 253–261

VPFERPAVI Zinc finger DNA-binding protein helios 258–266

DALLKFSHI Testis enhanced gene transcript 11–19

IPYQDLPHL* Lysophospholipase-like 24–32

NAYEYFTKI Bak (BCL2 antagonist) 11–19

VPLDKQITI Putative nucleotide binding protein 295–303

LPRSTVINI Interferon inducible protein 19–27

LPNAVITRI DNA-polymerase epsilon p17 subunit 10–18

IPYHIVNIV Seryl-tRNA synthetase 357–365

DALRSILTI* Methionine t-RNA synthetase 703–711

IPPHVVKV Ras-GTPase activating protein 270–277

DPYKVYRI Interferon regulating factor 4 120–127

DAVRIVHI C6.A1 protein 67–74

YPFKPPKV** Ubiquitin conjugating enzyme 60–67

YPDRVPVI Ganglioside expression factor 25–32

YPFKPPKI Ubiquitin conjugating enzyme E2L3 61–68

TPVRLPSI* IRF 1 27–34

YPLLISRI GEF-H1 protein 393–400

DAFKIWVI* SWAP-70 114–121

LPFSPLVI Modulator recognition factor 1 544–551
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Interestingly, the untypical ligand TGYLNTVTV derived from the guanine-nucleotide
binding protein (GBLP, 192–200) is a dominant ligand of all three allelic products of
HLA-B*5101, -B*5102, and -B*5103. This fact suggests that the characteristics of this
ligand are probably not important for the incidence of Behçet’s disease. In addition, the
C-terminal anchor had to be adjusted. Instead of the previously published C-terminal
amino acid phenylalanine (F), the hydrophobic but smaller amino acid valine (V) was
found at this position whereas isoleucine (I) was verified as a dominant anchor resi-
due. These results confirm the published data obtained by peptide binding studies
[19,20]. Generally, the optimization of HLA motifs on the basis of a number of new
ligands results in a differential evaluation of amino acids in non-anchor positions. It is
striking that more than one-third of the ligands carry aspartic acid in the N-terminal
position. This result confirms the earlier proposal that the preference for aspartic acid
is in fact one of the features of HLA-B*5101-restricted peptide presentation and

Table 2a Old HLA-B*5101 motif [11].

Position

1 2 3 4 5 6 7 8 9

Anchor residues A F

P I

G

Other preferred residues I W I G V N K T W

L F L V T I Q M

V M I G L R V

Y F K A K E L

M W E I Q

D Y D S

V

E

H

D

R

N

Table 2b Refined HLA-B*5101 motif.

Position

1 2 3 4 5 6 7 8 9

Anchor residues A I

P V

Other preferred residues D G Y E V V V L

I L T

L K

Y
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possibly represents the most striking difference between the peptide specificities of
HLA-B*5101 and HLA-B*5102 molecules, as indicated by the ligand DAHIYLNHI
derived from thymidylate synthase, which was found on HLA-B*5101 and -B*5103,
but not on HLA-B*5102. 

IMPROVED T-CELL EPITOPE PREDICTION FOR HLA-B*5101

The refined HLA-B*5101 motif was transformed to computer-readable matrices for
T-cell epitope prediction of B*5101 octamer and nonamer peptides (Table 3a,b). 

In these matrices, similarities and differences between octamer and nonamer pep-
tide requirements become visible. The preference, as discussed earlier, for certain
amino acids in anchor positions and for aspartic acid in the N-terminal position are
identical in octamers and nonamers. In contrast, the octamer peptides show a prefer-
ence for phenylalanine in position 3 and arginine in position 4, whereas the nonamer
peptides harbour more frequently tyrosine in position 3 and valine in position 8. In
addition, in octamer peptides isoleucine (I) and valine (V) are preferred in position 5,
and proline (P) in positions 5 and 6, respectively. 

Table 3a Matrix for the prediction of HLA-B*5101 octamer peptides.

One
letter
code

Position

Amino acid 1 2 3 4 5 6 7 8

Alanine A 0 10 0 0 0 0 0 0

Cysteine C 0 0 0 0 0 0 0 0

Aspartic acid D 4 0 0 0 0 0 0 0

Glutamic acid E 0 0 0 0 0 0 0 0

Phenylalanine F 1 0 3 0 0 0 0 0

Glycine G 0 6 0 1 0 0 0 0

Histidine H 0 0 0 0 0 0 1 0

Isoleucine I 2 0 0 0 3 0 0 10

Lysine K 0 0 0 2 0 0 2 0

Leucine L 2 0 1 1 1 1 0 6

Methionine M 1 0 0 0 0 0 0 0

Asparagine N 1 0 0 0 0 0 0 0

Proline P 0 10 1 0 3 3 0 0

Glutamine Q 0 0 0 0 0 0 0 0

Arginine R 0 0 0 3 0 1 0 0

Serine S 0 0 0 0 0 0 0 0

Threonine T 1 0 0 1 0 0 0 0

Valine V 1 0 1 0 3 1 2 8

Tryptophan W 0 0 1 0 0 0 0 0

Undefined X 0 0 0 0 0 0 0 0

Tyrosine Y 2 0 1 0 0 0 0 0
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To evaluate the accuracy of epitope prediction, the probability of presentation by
B*5101 molecules was determined for the newly identified HLA-B*5101 ligands and
two known T-cell epitopes derived from HIV-1 reverse transcriptase. Table 4 shows
the scores and the ranking of each ligand among all other octamer/nonamer peptides
derived from the respective source protein. 

The matrices for octamer and nonamer HLA-B*5101-restricted epitope prediction
have now been implemented into the SYFPEITHI database. According to the reliabil-
ity of SYFPEITHI’s epitope prediction, relevant peptides are expected within the best
2% predicted, in at least 80% of all predictions (www.syfpeithi.de). The ranking of the
new natural ligands and of two known T-cell epitopes with reported crystal structure
[21] revealed that 100% of the ligands were within the 2% top scoring peptides. The
T-cell epitopes obtained both the best rank and the highest score of all peptides
predicted for the HIV polymerase. These results demonstrate the predictive power of
the refined matrix. Even the ligand TGYLNTVTV with non-optimal G anchor in
position 2 was predicted on rank 4 in a protein containing 317 amino acids with a score
of 22 and consequently was among the best 2% predicted.

An immune response has been detected in patients suffering from Behçet’s disease
against the mycobacterial protein HSP65 (65 kDa heat shock protein) [22]. Therefore,

Table 3b Matrix for the prediction of HLA-B*5101 nonamer peptides.

One
letter
code

Position

Amino acid 1 2 3 4 5 6 7 8 9

Alanine A 0 10 0 1 0 1 0 0 0

Cysteine C 0 0 0 0 0 0 0 0 0

Aspartic acid D 4 0 0 1 0 0 0 0 0

Glutamic acid E 0 0 0 2 0 0 0 0 0

Phenylalanine F 1 0 1 0 0 1 0 0 0

Glycine G 0 6 0 1 0 0 0 0 0

Histidine H 0 0 0 0 0 0 0 1 0

Isoleucine I 2 0 0 0 0 1 1 0 10

Lysine K 0 0 0 1 1 0 1 2 0

Leucine L 2 0 2 0 0 1 1 0 6

Methionine M 1 0 0 0 1 0 0 0 0

Asparagine N 1 0 0 0 0 1 0 0 0

Proline P 0 10 1 0 0 1 0 0 0

Glutamine Q 0 0 0 0 0 0 0 0 0

Arginine R 0 0 0 0 0 0 1 1 0

Serine S 0 0 0 0 1 0 0 0 0

Threonine T 1 0 0 1 1 0 1 2 0

Valine V 1 0 0 0 2 2 1 3 8

Tryptophan W 0 0 1 0 0 0 0 0 0

Undefined X 0 0 0 0 0 0 0 0 0

Tyrosine Y 2 0 4 0 1 0 0 0 0
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we performed a T-cell epitope prediction for this protein which could potentially lead
to CTL epitopes relevant in Behçet’s disease. The result of this prediction for octamer
and nonamer peptides is shown in Table 5. 

THE HLA-B*5101 STRUCTURE AND THE PEPTIDE MOTIF

Assuming that Behçet’s disease is caused by T cells recognising a particular peptide
presented by B*5101 or other Behçet’s disease-associated HLA-allelic products, the
peptide specificity of these alleles should help to understand the molecular mecha-
nisms of the disease. The three-dimensional MHC-structure, especially the peptide

* due to the lack of a matrix for 11 aa peptides prediction is not possible ** T-cell epitopes see 
text

Table 4 Epitope prediction for the newly identified B*5101-ligands and two known B*5101-
restriced T-cell epitopes , calculated with the matrices now available in SYFPEITHI. 

Sequence Source AA-
Position

Prediction

Score Rank

DANPYDSVKKI* Diubiquitin 23–33 – –

NPYDSVKKI Diubiquitin 25–33 32 1/165

DPYKVYRIV Interferon regulating factor 4 120–128 30 1/451

DALLKFSHI Testis enhanced gene transcript 11–19 29 1/237

DAHIYLNHI Thymidylate synthase 253–261 28 1/312

VPFERPAVI Zincfinger DNA-binding protein helios 258–266 28 1/526

IPYQDLPHL Lysophospholipase-like 24–32 24 2/313

NAYEYFTKI Bak (BCL2 antagonist) 11–19 32 1/211

VPLDKQITI Putative nucleotide binding protein 295–303 28 1/560

LPRSTVINI Interferon inducible protein 19–27 26 1/125

LPNAVITRI DNA-polymerase epsilon p17 subunit 10–18 28 1/147

IPYHIVNIV Seryl-tRNA synthetase 357–365 27 1/514

DALRSILTI Methionine t-RNA synthetase 703–711 31 1/900

IPPHVVKV Ras-GTPase activating protein 270–277 27 1/467

DPYKVYRI Interferon regulating factor 4 120–128 30 1/451

DAVRIVHI C6.A1 protein 67–74 33 1/291

YPFKPPKV Ubiquitin conjugating enzyme 60–67 33 1/147

YPDRVPVI Ganglioside expression factor 25–32 33 1/117

YPFKPPKI Ubiquitin conjugating enzyme E2L3 61–68 35 1/154

TPVRLPSI IRF 1 27–34 29 1/325

YPLLISRI GEF-H1 protein 393–400 27 1/893

DAFKIWVI SWAP-70 114–121 34 1/585

LPFSPLVI Modulator recognition factor 1 544–551 31 1/614

TAFTIPSI** HIV-1 reverse transcriptase 295–302 31 1/1015

LPPVVAKEI** HIV-1 reverse transcriptase 755–763 27 2/1015
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binding section, can help to elucidate the subtle differences in peptide specificities of
related or similar HLA-molecules. 

The crystal structure of B*5101 complexed with the peptides TAFTIPSI or LPPV-
VAKEI was published in the year 2000 [21] (Fig.1). These three-dimensional struc-
tures reveal P2 residues, P and A, fitted into a small B pocket surrounded by I66, F67

and Y7. These B pocket residues are conserved in other alleles (B*51, B*35, B*53)
whereas the B pocket of B*35 and B*53 preferentially harbour P with only minor
preference for other small amino acids. The relatively small F pocket, which in
B*5101 accommodates the C-terminal residues I and V, is made up mainly by the
bulky hydrophobic amino acids I80, Y84, and W95 which are also conserved in all
B*51 alleles. 

TWO ALLELE-SPECIFIC CHARACTERISTICS ARE RESPONSIBLE FOR THE 
SPECIFIC ASSOCIATION OF LIGANDS WITH HLA-B*5101

The HLA-B*51 alleles differ at residues 167 and 171, which are important for N-
terminal interactions between peptide and MHC molecule. In HLA-B*5101 and
B*5108, Y171, which is conserved in most HLA class I sequences, is replaced by
histidine, necessitating an alternative hydrogen bond network to the peptide N-termi-
nal amino group, which raises the position of this residue out of the groove (Table 6). 

Table 5 T-cell epitope prediction of HLA-B*5101-presented peptides from HSP65 as a BD-
associated protein. Shown are the 2% top scoring peptides.

HLA-B*5101 octamers and nonamers
Position 1 2 3 4 5 6 7 8 9 Score

339 I A G R V A Q I 28

369 L A G G V A V I 28

231 L P L L E K V I 26

239 G A G K P L L I 26

204 D P E R Q E A V 25

19 N A L A D A V K V 26

110 N P L G L K R G I 25

21 L A D A V K V T L 24

485 L A A G V A D P V 24

Table 6 P1 contact side of several HLA-B*5101 alleles.

P1 contact side

5 7 59 63 66 99 159 163 167 171

B*5101 M Y Y N I Y Y L W H

B*5102 M Y Y N I Y Y L W Y

B*5103 M Y Y N I Y Y L G H

B*5108 M Y Y N I Y Y L W H
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This rearrangement of the hydrogen bonding network in pocket A is unique among
the known HLA crystal structures and responsible among other things for a zig-zag
conformation of the bound peptide. As a result of this substitution, such B*51 alleles
should be more prone to having ligands with a negative charge at P1, in contrast to
B*5102, which contains an aromatic Y171. Thus, the combination W167/H171 appears
to be correlated with this unique MHC-peptide structure. In contrast, although HLA-
B*5103 shares the preference for aspartic acid in P1 with HLA-B*5101 (due to H171),
the N-terminal residue of ligands is much more buried in the MHC molecule (due to
the small G167), resulting in a completely different recognition by T cells [23].

Affinity studies of peptides, that have been carried out by other groups suggest that
the difference in peptide specificity between the HLA-B*5101, B*5102, and B*5103
alleles is minimal [20]. But as previously demonstrated, such minute differences
within the A pocket have a critical influence on T cell recognition, because of confor-

Figure 1 Different possibilities exist for the interaction between the N-terminal amino acid of
the bound ligand and the residues which make up specificity pocket A of HLA-
B*5101 (Structure deposited in PDB database under 1E28). The MHC molecule is
shown as backbone structure (grey); only three amino acids belonging to pocket A are
portrayed in the “spacefill” mode, namely N63 in the a1 helix, and W167 and H171 in
the a2 helix. The orientation of the ligand TAFTIPSI is indicated as a green backbone
structure, only the atoms of the N-terminal threonine are depicted by their van-der-
Waals radii. From two crystal structures we know that the polar side chain of threo-
nine is in close contact with N63 via a series of hydrogen bonds, while an aliphatic
side chain such as that of leucine tends to point towards the hydrophobic residue
W167. Because of this flexibility in P1 of ligand, it seems possible that an N-terminal
aspartic acid may develop a salt bridge with H171. As a striking additional feature, the
N-terminal amino acid of HLA-B*5101 ligands is not buried deeply within the bind-
ing cleft, but exposed far more towards the T cell receptor. 
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mational [24], or affinity changes of peptides [25]. In T cell experiments it was
possible to prove that specific T cells could discriminate between B*5101, B*5102,
and B*5103 molecules [23,26,21]. 

CONCLUSION: HOW MUCH DO WE KNOW ABOUT B*5101 
AND BEHÇET’S DISEASE? 

First, a refined and consequently reliable peptide motif of HLA-B*5101 now exists,
that is consistent with results from T cell assays, binding studies, pool sequencing data
and natural ligands. This refined motif enables the detection of differences between
peptide specificities of HLA-B*5101 compared to other Behçet’s disease-associated
or non-associated HLA allelic products, as long as information on the respective HLA
motifs is available. In spite of our improved knowledge about the differences in
peptide presentation of HLA-B*51 subtypes, there is no formal proof that the present-
ed peptide sequence alone is responsible for the association with Behçet’s disease.
However, it is conceivable that the preference for aspartic acid in position 1 and other
peptide requirements are necessary for the occurrence of disease. 

As a consequence of the reliable peptide motif, improved epitope prediction ma-
trices have been developed. If HLA-B*5101 peptide ligands proved to be involved in
the development of Behçet’s disease, such matrices permit an exact epitope prediction
for any suspicious protein. 

On the basis of the three-dimensional structure of HLA-B*5101, the unique N-
terminal binding of aspartic acid became perspicuous. Not only the preference for
aspartic acid in position 1 but also the conformation of the peptide in the HLA-B*5101
groove could be elucidated by the crystal structure of HLA-B*5101 in complex with
two different peptides. In this context, it seems that the lifting of the N-terminal amino
acid and resulting specific peptide conformation could be responsible for the T cell
recognition. In this case, could the peptide sequence, combined with a specific peptide
conformation that is found only in certain HLA alleles, be responsible for epitope
recognition by T cells and therefore for the development of Behçet’s disease?
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16. Microsatellite Mapping of the 
Pathogenic Gene of Behçet’s Disease

ABSTRACT

While HLA-B51 is associated with Behçet’s Disease (BD), it still is unclear if the
HLA-B51 itself is the pathogenic gene related to BD or some gene which is in linkage
disequilibrium with HLA-B51. We have completed genomic sequencing of the entire
HLA class 1 region and identified 912 microsatellites within this region. In addition
the distribution of microsatellite markers among BD patients have been investigated
in various countries. In the Japanese population the allele 348 of MIB was most
strongly associated with BD (40% in BD patients, 12,1% in healthy Japanese). These
results and the genotypic differentiation test indicate that the real pathogenic gene
involved in the development of BD is pinpointed to HLA-BS1(HLA-B*51 at the DNA
allele level) itself.

KEYWORDS: HLA-B51; microsatellite mapping; linkage disequilibrium; MICA-
gene; MICB-gene

INTRODUCTION

Behçet’s disease (BD) is a chronic inflammatory disorder with recurrent oral and
genital ulcers, uveitis, vasculitis, mucocutaneous, arthritic and neurological manifes-
tations [1]. lt is a worldwide disease but is found in a higher prevalence in Japan,
China, Korea and along the Silk Route to the countries of the Mediterranean [2].
Others and we have presented evidence for an HLA association with BD, and HLA-
B51 was found to be the most strongly associated genetic marker in these populations
[2]. Therefore, BD exhibits the same HLA association in different ethnic groups, and
it is an attractive hypothesis that BD was spread in Asian and Eurasian populations
from Japan to the Middle East, along with the distribution of its associated HLA allele,
HLA-B51, by old nomadic or Turkish tribes via the Silk Route [2]. However, it has
not yet been clarified if the HLA-B51 gene itself is the pathogenic gene related to BD
or if it is some other gene in linkage disequilibrium with HLAB51. We have been
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performing genomic sequencing in the HLA region and founding new genes to iden-
tify the pathogenic gene of this disease.

Although the etiology and pathogenesis of BD are still uncertain, the onset of BD
is believed to be triggered by the involvement of some external environment factors
in individuals with a particular genetic background. Male is predominant in BD main-
ly in severe cases. The mean age at onset is the third decade, children are rarely
affected, and few neonatal oases have been reported. In a recent study, an increased
number of gd T cells in the peripheral blood and the involved tissues, and the pheno-
typically distinct subset of gd T cells at sites of inflammation were reported [3–5].
Furthermore, significant gd T cell proliferative responses to mycobacterial 65-kDa
heat shock protein (HSP) peptides and their homologous peptides derived from the
human 60-kDa HSP were observed in BD patients [6,7]. Therefore, BD is probably
not a simple hereditary disease and the onset of the disease might be triggered by some
exogenous antigen(s) such as bacteria, virus or some microorganism.

MICROSATELLITE MAPPING OF THE BD PATHOGENIC GENE

A microsatellite generally consists of repetitive sequences of two to five bases and all
eukaryotic DNA contains a family of such repetitive sequences as junk DNA. The
number of repetitive sequences varies among individuals and hence microsatellites
can be used as informative polymorphic markers for genetic mapping. We have re-
cently completed genomic sequencing of the entire HLA class 1 region spanning
approximately 1.8 Mb (1,800 kb) from the MICB gene to the HLA-F gene, which
includes the MICA, MIOB, HLA-B and HLA-C genes, and identified 912 microsat-
ellite repeats (STR: short tandem repeats) within this region [8–10]. In order to local-
ize the critical region of the BD pathogenic gene, we have investigated microsatellite
markers distributed around the HLA-B gene among BD patients of four different
ethnic origins, Japanese, Greek, Jordan, and Italian. 

Eight polymorphic microsatellite markers, C1-2-A, MICA-TM, MIB, 01-4-1, 01-
2-5, 01-3-1, 02-4-4 and 03-2-11, distributed within a 1,100 kb region surrounding the
HLA-B gene [11,12] (Fig. 1) were analyzed using POR and subsequent automated
fragment detection by fluorescent-based technology. These markers were densely
distributed at the following appropriate distance from the HLA-B gene; Cl -2-A: 147
kb centromeric, MICA-TM: 46 kb centromeric, MIB: 24 kb centromeric, 01-4-1: 6 kb
centromeric, 01-2-5:62 kb telomeric, 01-3-1:111 kb telomeric, 02-4-4: 282 kb telom-
eric, 03-2-11:912 kb telomeric (Fig. 1).

Table 1 shows statistically significant alleles associated with BD in the Japanese
population at the eight microsatellite and HLA-B loci [13,14]. All of alleles in each
microsatellite marker were named on the basis of the amplified fragment size length.
Among the eight microsatellite markers, allele 348 of MIB was most strongly associ-
ated with BD (PcO.00001 4). The phenotype frequency (PF) of allele 348 of MIB was
distinctively high (40.0%) in the Japanese BD patients as compared to that (12.1%) in
the healthy Japanese controls. Alleles 178 and 202 of 01-2-5 (178: Pc=0.00022;
202:Pc0.00089), allele 344 of MIB (Pc=0.00033), allele A6 of MICA-TM
(Pc=0.0020) and allele 217 of 01-4-1 (Pc0.0030) were also increased to the remarka-
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bly significant degree whereas allele A5.1 of MICA-TM (Pc=0.00080) and allele 336
of MIB (Pc=0.0020) were decreased to the remarkably significant degree in the patient
group with the Pc values of less than 0.005. There was no associated allele in the C1-
2-A, 01-3-1, 02-4-4 or 03-2-11 microsatellite markers showing the Pc values of less
than 0.005. No allele at the 03-2-11 locus gave rise to the statistical significance
(Pc<0.05). Notably, 56 out of 95 patients (PF=58.9%) were HLA-B51 positive as
compared to 18 out of 132 controls (PF=13.6%), revealing the strongest association
with BD (Pc=0.000000000017). Similar results were shown in other different popula-
tions including Greek, Italian and Jordanian (data not shown) [14, 15]. 

The genotypic differentiation concerned with the allelic distribution was analyzed
between the patient and control groups (Table 2 and Fig. 1). Generally, genotypic
distribution should be identical within the same ethnic groups. If genotypic differen-
tiation is observed at a locus between patient and control groups, allelic distribution at
its locus is supposed to be under the influence of some genetic bias. In the Japanese
population, the P values were significantly low (P<0.01) at seven loci (MICA-TM,
MIB, 01-4-1, HLAB, 01-2-5, 01-3-1, 02-4-4). Especially, the remarkably low P values
(P<0.0001) were observed at the MICA-TM, MIB, HLA-B, and 01-2-5 loci [13,14].
Further in the Greek population, the P values were significantly low at the HLA-B
locus (P=0.001080) and relatively low at 01-4-1 (P=0.00904) which is located only 6
kb centromeric to HLA-B [14]. In the Jordanian and Italian populations, only the
HLA-B locus gave rise to the significantly low P value (Jordanian: P=0.00043; Italian:
P=0.00691) [14,15].

Table 1 Statistically significant alleles associated with Behçet’s disease in a Japanese popula-
tion (Ref. 14)
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Table 2 Genotypic differentiation between the normal and patient groups in Japanese, Greek,
Jordanian and Italian populations (Ref. 14, 15).

Figure 1 Genotypic differences in the Japanese, Greek, Jordanian and italian populations with
respect to the location of HLA-B and microsatellite loci used for association analysis
on Behçet’s disease.
The location of all markers used in this study are displayed under the map along with
the distribution (kb) to neighboring markers. The C1–2-A microsatellite is the most
centromeric of the markers. Reciprocal of logarithmic P values obtained by genotypic
differentiation testing are plotted on the vertical axis. The locations of polymorphic
markers are plotted on the horizontal axis. (�: Japanese, �: Greek, ●: Jordanian,

: Italian).
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CONCLUSION

Taken together, distinctively significant association of HLA-B51 with BD was ob-
served in all of these four different ethnics, even after stratification for the possible
confounding effect of its nearby genetic markers closely linked to HLA-B51 [13–15].
Further, the significant P values were obtained at only the HLA-B locus by the geno-
typic differentiation test between the patient and control groups in all of these popula-
tions [13–15]. These results clearly indicated that the real pathogenic gene involved in
the development of BD is pinpointed to HLA-BS1 (HLA-B*51 at the DNA allele
level) itself. However, since HLA-BS1 is tightly linked with MICA-A6 and all of the
HLA-BS1 -positive individuals in these populations also possess MICA-A6, a possi-
bility that the MICA-A6 allele is an additional risk factor or further amplifies risk for
developing BD cannot be excluded. The presence of HLA-B51-negative BD patients
can be explained by the influence of other genetic factor(s) and/or of various external
environmental or infectious agent(s).
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17. The Treatment of Behçet 

ABSTRACT

Treatment of Behçet is empirical and symptomatic. The choice of the treatment de-
pends on the patient’s clinical manifestation and also to some extent to the place where
the patient lives since. The different treatments are developed frequently on the known
pathophysiological changes of Behçet. The objective of this chapter is to review and
discuss the different available treatments for Behçet’s disease. There are no evidences
to support the best treatment for Behçet disease at the moment. Randomized clinical
trials will be necessary to answer this question.

KEYWORDS: Retina; Vasculitis; Immunosuppression;  Uveitis; Cyclosporine,
Therapy

INTRODUCTION

Treatment of Behçet is empirical and symptomatic and the natural history is only
partially known. The choice of the treatment depends on the patient’s clinical mani-
festation and also to some extent to the place where the patient lives since it is based
more on the local medical culture than on scientific evidences.

The different treatments are developed frequently on the known pathophysiology
changes of Behçet present in some organs.

Vascular injuries, hyperfunction of neutrophils and autoimmune responses are
characteristic of Behçet’s disease. Biopsies confirm the presence of vasculitis near the
lesions of Behçet’s diseases, including oral and genital ulcers, erythema nodosum,
posterior uveitis, epididymitis, enteritis, and central nervous system lesions. The vas-
cular injuries are superimposed on the hypercoagulability that is also characteristic of
Behçet’s disease and that may be due in part to activated endothelial cells and activat-
ed platelets [1]. 

Neutrophils from patients with Behçet’s disease have increased superoxide pro-
duction, enhanced chemotaxis, and excessive production of lysosomal enzymes, indi-
cating that the neutrophils are overactive, which leads to tissue injuries. Levels of
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circulating tumor necrosis factor a, interleukin-1b, and interleukin-8 have been re-
ported to be elevated; thus, these cytokines may be involved in the activation of
neutrophils and the augmented cellular interactions between neutrophils and endothe-
lial cells as a result of enhanced expression of adhesion molecules [1–3].

Lymphocyte function is abnormal in patients with Behçet’s disease. However, it
remains to be determined whether the autoimmune mechanism is a primary or a
secondary event in the development of Behçet’s disease.

Some of the many drugs used for the treatment of Behçet’s disease are listed on
Table 1.

The disease is often treated with different drugs according to its presentation and
many drugs have been used for decades based on indirect evidences or even without
them. Topical corticosteroids have been used for mucous membrane involvement, rest
and analgesic for arthritis, aspirin and dypiridamol for thrombophlebitis, and colchi-
cine for mild forms of the disease. Systemic corticosteroid therapy and cytotoxics such
as chlorambucil and azathioprine or cyclosporine have been used for uveitis.

To determine the effects of available pharmacological intervention in treating the
different clinical features of Behçet’s syndrome a systematic review was made by Saenz
et al. in 2000 [4]. Studies were eligible if they fulfilled all of the following criteria:
randomized controlled trials, single or double-blind. Open studies were excluded.

To identify trials of any pharmacological intervention versus either placebo or
another pharmacological intervention for the management of the Behçet’s syndrome,
a search in the MEDLINE database was performed, from January 1966 to January
1998 by the authors. 

The reviewers processed 480 full references to identify any potentially relevant
articles. All languages were included. From the 32 references included as potentially
relevant, ten trials fit the inclusion criteria and were included in their review. 

The 22 discarded references were excluded because they were: open studies (10
studies), follow-up studies (2), retrospective studies (2), uncontrolled (3), comments
of a trial (2), patients with Behçet’s syndrome included in a group with other non-

Table 1 Some of the drugs used for the treatment of Behçet’s disease.

– Corticosteroids (topical/systemic)
– Azathioprine, Chlorambucil
– Cyclophosphamide, Methotrexate
– Cyclosporine
– Benzathine – Penicillin
– Interferon
– Colchicine
– Thalidomide
– Dapsone
– Pentoxifylline
– Tetracycline
– Indomethacin
– Sufasalazine
– Aspirin
– Azapropazone
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Behçet’s patients with uveitis and it was not possible to extract individual data (1),
Behçet’s patients were used to validate a questionnaire for Rheumatoid Arthritis (1)
and a review of the disease (1). 

A total of 10 out of 32 potentially relevant references were included since they
were randomized, controlled, single or double-blind trials [Aktulga 1980 [5], Ben-
amour 1991 [6], BenEzra 1988 [7], Calguneri 1996a [8], Davies 1988 [9], Hamuryu-
dan 1991[10], Masuda 1989 [11], Moral 1995 [12], Ozyazgan 1992 [13], Yacizi 1990
[14]].

Their conclusions according to the ocular aspects of the different treatments were
the following:

In Aktulga 1980 [5], there were no differences in eye improvement between colch-
icine vs placebo.

In BenEzra 1988 [7] (cyclosporine vs conventional therapy), the authors report
that most of the patients on cyclosporine demonstrated better visual acuity after treat-
ment. However, there was no difference in visual acuity after 1 month between cy-
closporine and conventional therapy. After two years of receiving cyclosporine, most
patients continued to show stable or better visual acuity than baseline, but there was
no difference between cyclosporine and conventional therapy. 

In Masuda 1989 [11], cyclosporine resulted in significantly more improvements
than colchicine in the frequency and severity of ocular attacks (p <0.001 according to
the authors). Clinical symptoms were significantly better in the cyclosporine group
than in colchicine. 

It is important to stress that ciclosporine was not compared to steroids or cytotoxic
agents but to colchicine a drug that has probably a very weak action on ocular Behçet.

In Ozyazgan 1992 [13], (low dose cyclosporine vs cyclophosphamide) the mean
dose of cyclosporine used was 4.89 mg/kg/day during the 6 months of the masked
period. Visual acuity significantly improved when compared with that observed at
entry, according to the authors. However, there was no difference between cy-
closporine and cyclophosphamide. This initial improvement however disappeared by
the time the trial was unmasked. The visual acuity among the 8 patients continuing to
use cyclosporine at the end of the 24 months remained approximately the same at the
time of unmasking of the trial or at entry. No change in visual acuity among the
patients using cyclophosphamide occurred at the three time points, apart from a trend
to deterioration at the time of unmasking the trial when compared with that at the time
of entry. Although there was a trend for fewer ocular attacks in the cyclosporine group,
this did not reach statistical significance for the time intervals assessed. 

In Yacizi 1990 [14], (azathioprine vs placebo) there were two different groups:
with and without previous eye involvement. In the group without previous eye in-
volvement, 9 patients were diagnosed with eye disease during the trial, 8 of 13 receiv-
ing placebo and 1 out of 12 receiving azathioprine. 

In the group with previous eye involvement, 6 out of 23 patients receiving placebo
were withdrawn because of severe eye disease compared to 0 of 25 azathioprine
patients. Fourteen patients had uniocular eye disease at the start of the trial, 7 receiving
azathioprine and 7 placebo. In 5 in the placebo group and 0 in the azathioprine group,
disease developed in the unaffected eye. 
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Seven patients taking placebo had 15 episodes of hypopyon uveitis as compared
with one taking azathioprine who had a single episode. This reached statistical signif-
icance in the trial. High dose methylprednisolone was required by 6 patients (with 9
episodes) taking azathioprine and 10 patients (with 16 episodes) taking placebo. 

With data included on the six patients withdrawn from the trial because of severe
eye disease, the mean visual acuity was unchanged between the first and last visits in
the azathioprine group compared to a significant deterioration in visual acuity in the
placebo group. The worsening in the placebo group was also evident when data on the
six patients who were withdrawn were excluded from the analysis.

In the case of eye involvement, despite the small sample size (BenEzra 1988) [7],
visual acuity was maintained for those taking cyclosporine compared to worsening
acuity for those receiving conventional therapy (corticoids, leukeran). These results
were confirmed for cyclosporine vs colchicine by Masuda 1989 [11]. In contrast,
despite initial eye improvement in the cyclosporine group compared to cyclophospha-
mide in another trial (Ozyazgan 1992) [13], the difference was not sustained after 2
years. In the trial of Yacizi 1990 [14] (azathioprine vs placebo), the patients on azathi-
oprine with or without previous eye disease experienced significantly less eye in-
volvement than placebo. However, the sample size was too small to generalize these
results.

The results of the review published by Saenz et al. in 2000 [4] do not suggest clear
advantages of some classic treatments for Behçet’s syndrome such as colchicine (for
eye involvement, aphtae, dermal lesions or arthritis), steroids (eye), azapropazone
(arthritis) and acyclovir for aphtae. The results do suggest that cyclosporine and aza-
thioprine are beneficial for the prevention of eye involvement, and that benzathine-
penicillin helps prevent new attacks of arthritis. 

In the lack of scientific evidences different “experts” based on their “clinical
experience” and knowledge acquired by reading texts of others authors have estab-
lished the treatment of ocular Behçet and these regimens have been repeated and
changed in the different text books. 

Therapeutic goals are to reduce both the severity and frequency of ocular attacks
to avoid loss of vision. 

Topical mydriatic agents and corticosteroid drops are given for attacks of anterior
uveitis. Periocular injection of corticosteroids and or systemic administration are used
for acute attacks of retinal vasculitis and diffuse uveitis. Oral corticosteroid therapy
has effect on ocular attacks but it seems, not to improve the visual prognosis in many
patients. Cytotoxic agents such as azathioprine, chlorambucil and cyclophosphamide
or cyclosporine may help prevent ocular attacks in some of patients and should be used
for many months to years [15,16]. 

The choice between cytotoxic agents or ciclosporine depends on the ophthalmol-
ogist as well as the individual conditions of the patient being treated, the age, sex and
cost of the drugs. 

Cyclosporine may be beneficial in patients with ocular lesions that have been
refractory to the conventional therapies of corticosteroids and cytotoxic drugs. The
efficacy of cyclosporine gradually declines and some patients may require the more
dangerous associations of systemic steroids with cytotoxic drugs and ciclosporine to
avoid blindness [17,18].
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Renal impairment, hypertension, and hyperglycemia are major adverse events of
treatment with cyclosporine. Bone marrow depression as well as liver and renal and
teratogenic side effects are just some of the potential complications of the cytotoxic
drugs. Although cyclosporine is rarely neurotoxic in patients with other diseases, it
causes central nervous system symptoms indistinguishable from those of the classic
neurologic lesion in some of patients with Behçet’s disease and can be lethal [19].

Recent trials of interferon alfa for Behçet’s disease have shown encouraging re-
sults but much more research is necessary [20,21].

An important aspect of therapy for patients with Behçet’s disease is the treatment
of its ophthalmic complications such as cystoid macular edema, glaucoma, retinal
neovascularization, vitreous hemorrhage, and cataract since most of the blindness
associated with Behçet is related to avoidable situations [22,23]. The ophthalmologist
therefore must be prepared to deal with them. 

Patients with retinal vasculitis are at risk of developing areas of capillary dropout
with neovascularization of the optic disc and retina as well as vessels secondary
occlusions. Intense antiinflammatory treatment may result in regression of neovascu-
larization, but laser photocoagulation of the retina may be indicated also [18, 24].

As with other forms of uveitis, preoperative control of inflammation in patients
with Behçet’s disease is critical before vitreous-retinal surgery or cataract extraction.
Topical, periocular, and oral corticosteroids are used for this purpose. Results of
phacoemulsification and the implantation of acrylic intra-ocular lenses are usually
excellent if the macula is still functioning and patients with quiet eyes should be
operated to achieve maximum vision and also to allow proper exam of the macula and
optic nerve [19,25] .

Vitreous hemorrhage is a common complication of the severe retinal disease ob-
served in patients with Behçet’s disease and many may require a pars plana vitrectomy
with endolaser and retinal detachment surgery. 

Management of complications should include also psychological support and psy-
chiatric treatment, and physical rehabilitation to help the patients to deal with the
disease and the visual morbidity.

CONCLUSION

There are no evidences to support the best treatment for Behçet’s disease at the
moment. Randomized clinical trials will be necessary to answer this question.
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18. The Efficacy of Anti-TNF-Alpha
 Antibody in the Treatment of Uveitis 

Patients with Behçet’s Disease

ABSTRACT

Ictal uveoretinitis, a major ophthalmic symptom in Behçet’s disease, causes macular
degeneration, retinochoroidal atrophy, optic atrophy, and other lesions that can result
in blindness in many sufferers of the disease. As such, this uveitis activity has been
shown to have a correlation with TNF-alpha production, and the anti-TNF-alpha
antibody has drawn attention as a new therapy. In the previously conducted early
phase II clinical study, seizures of uveitis were remitted by administration of this
antibody, with subjective ophthalmic symptoms, such as blurred vision, and general
symptoms, such as stomatitis, ameliorated remarkably. Although further investigation
is necessary to cope with such issues as action persistency and adverse reactions in
long-term administration, this antibody is expected to be effective in severely affected
patients who do not respond to conventional therapies.

KEYWORDS: Uveitis; cytokine; therapy; TNF-alpha; anti-TNF-alpha antibody

INTRODUCTION

Behçet’s disease is an intractable disease characterized by four major symptoms, i.e.,
oral mucosal aphthous ulcers, genital ulcers, ophthalmic symptoms, and dermal symp-
toms. It follows a chronic course with a variety of acute inflammations developing
repeatedly in the nerves, intestine, blood vessels, and other organs and tissues. Ophthal-
mic symptoms are observed in about 70% of patients with this disease and are divided
into the iridocyclitis type and the uveoretinitis type, the latter accounting for a higher
percentage. These symptoms are binocular in 90% of the patients. Typically, chronic
inflammation is accompanied by ictal aggravations of inflammation, but these seizures
are remitted gradually over 2 to 3 weeks. In seizures of the uveoretinitis type, hemor-
rhage and ischemic changes due to angiitis, and white exudates due to lymphocyte
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infiltration are seen in the fundus. If the treatment described below fails and these
seizures occur repeatedly, macular degeneration, retinochoroidal atrophy, optic atro-
phy, and other lesions develop, which can result in blindness in sufferers of the disease.

TREATMENT OF UVEITIS

Uveitis of the iridocyclitis type is usually treated with steroid eyedrops. Severely
affected patients with uveitis of the uveoretinitis type undergo topical therapies and
receive oral drugs, such as colchicine, steroids and cyclosporin. Having a reducing
effect on the frequency of seizures of uveitis by its preventive action on polynuclear
leukocyte migration, colchicine is effective in some patients but not in others. Al-
though oral steroids are useful in short-term use to treat such seizures, their long-term
administration unavoidably causes various adverse reactions during the long course of
active Behçet’s disease for several to several scores of years. In addition, a report is
available stating that the prognosis for visual acuity was worsened by their long-term
administration in Japan. Cyclosporin, an immunosuppressant, is approved for pre-
scription for Behçet’s disease with uveoretinitis, covered by Japan’s health insurance
system, and is used in cases where colchicine or steroid treatment fails. It should be
noted, however, that there are not a few patients in whom inflammation cannot be
controlled even using cyclosporin.

BEHÇET’S DISEASE AND TNF-ALPHA

Behçet’s disease was previously believed to develop as a result of neutrophil abnor-
mality since neutrophils assemble to produce hyperoxide and cause tissue damage at
inflammatory sites in this disease. Recently, however, activation of T cells was found
to precede such neutrophil mobilization; cyclosporin, an IL-2 production inhibitor,
has become used to treat the disease with confirmed efficacy. Even treatment with
cyclosporin fails to control uveitis activity in some patients. Regarding the involve-
ment of TNF-alpha in Behçet’s disease, a number of studies have been conducted
since Akoglu [1] and Hamzaoui [2] presented first relevant reports in 1990. As for
correlation of the activity of the disease and TNF-alpha, various opinions have been
expressed by different authors with different interpretations of the activity. Sayinalp
et al. [3] reported that no difference was observed between two groups of patients
divided according to the number of major symptoms observed. We analyzed various
cases according to uveitis activity, and reported that patients with active uveitis had
significantly increased TNF-alpha production in vitro, in comparison with patients
with non-active uveitis and normal controls [4]. It is believed that there is a correlation
between ophthalmic symptom activity and TNF-alpha.

We also reported that in experimental autoimmune uveoretinitis (EAU), an animal
model of human uveitis, susceptibility of uveitis is associated with variation of the
TNF-alpha production [5], and that in a rat model, inflammation develops around 10
days after immunization with a retina-derived antigen, with the TNF-alpha level rising
in parallel to this inflammation [6]. Bearing in mind that these results suggested
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efficacy of the anti-TNF-alpha antibody in the treatment of uveitis, we conducted a
treatment experiment in which the antibody was administered for 14 consecutive days
from 7 days after immunization in a rat model of uveitis. As a result, the anti-TNF-
alpha antibody markedly mitigated uveitis [6].

These results from human and animal model studies suggest that the anti-TNF-
alpha antibody may be useful in the treatment of Behçet’s disease associated with
increased uveitis activity and TNF-alpha production.

TREATMENT OF BEHÇET’S DISEASE WITH ANTI-TNF-ALPHA ANTIBODY

The present clinical study of the anti-TNF-alpha antibody in the treatment of Behçet’s
disease is summarized below. The antibody used was the Infliximab, human-mouse
chimeric monoclonal antibody. This antibody is currently marketed under the trade
name Remicade by Centocor, and has been successfully used to treat rheumatoid
arthritis and Crohn’s disease [7,8]. The actual settings and course of the clinical study
are described below.

The subjects of the present early phase II clinical study comprised Behçet’s disease
patients with uveoretinitis who did not respond well to cyclosporin treatment and who
were selected using the selection criteria. Regarding dosage and administration, In-
fliximab was administered by intravenous drip infusion at two doses of 5 mg/kg and
10 mg/kg per administration four times (Weeks 0, 2, 6, and 10). Efficacy and adverse
reactions were investigated per the time schedule shown in Figure 1. At our institution,
all four patients were allocated to the 5 mg/kg group. The changes over time in
frequency of seizures before and after investigational new drug administration are
shown in Figure 2. Seizures of uveitis were remitted by the administration, with
subjective ophthalmic symptoms, such as blurred vision, and general symptoms, such
as stomatitis, ameliorated remarkably. Although our results, along with those obtained
from other participating institutions, are being analyzed extensively, the investigation-
al new drug is strongly expected to be effective against uveitis in Behçet’s disease.
Regarding adverse reactions, no such severe cases occurred that investigational drug
administration was discontinued; however, elevated titers of anti-nuclear and anti-ds-
DNA antibodies were observed, calling for careful follow-up examination.

Around two months after completion of the early phase II clinical study, all sub-
jects had recurrent seizures of uveitis. The investigational new drug is assumed to

Figure 1 The time schedule of administration.
Ab: antibody, ANA: anti-nuclear antibody, ds: double strand.
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remain effective for two months, after which uveitis may relaps. With this in mind, a
long-term dosing study was commenced.

CONCLUSION

Behçet’s disease is an intractable disease which develops mostly in adolescence or
middlescence, and which often results in blindness in sufferers due to frequently
recurring seizures of uveitis. The anti-TNF-alpha antibody used in the present study is
expected to be effective in severely affected patients not responding to conventional
therapies, although further investigation is necessary to cope with other problems,
including action persistency and adverse reactions in long-term administration.
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Fig. 2: The efficacy of anti-TNF-alpha antibody
number of uveoretinitis attacks per 3 month, N=4.
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19. Use of Interferon-aaaa in Behçet’s Disease

ABSTRACT

Behçet’s disease (BD) is a multisystem disorder with the histological picture of a
leukocytoclastic vasculitis. It’s main features are orogenital ulcerations, skin changes
and an oligoarthritis, as well as anterior and posterior uveitis (mainly a retinal vascu-
litis) and arterial/venous thrombosis or aneurysm. Standard treatment consists of ster-
oids and immunosuppressants. Due to the manifold symptoms and the unsatisfactory
results of the above mentioned treatment, especially concerning the ocular manifesta-
tions, the disease is a challenge for every clinican.

Thus, there still is a need to further improve the therapy of BD, for example by
instituting new therapeutic agents: in 1986 the cytokine interferon-a (IFN-a) was
instituted in the treatment of BD. The rationale for using it was the possible viral
etiology of BD and the antiviral properties of IFNa.

Up to now, a total of approximately 283 BD patients treated with interferon alpha
have been reported with very promising results. Interferon alpha clearly was effective
for mucocutaneous lesions, arthritis and especially in ocular inflammation with com-
plete remission in up to 92% of BD patients. 

A controlled randomised crossover study of IFN versus standard treatment should
urgently be performed in order to be able to determine the significance of IFN in the
treatment of BD.

KEYWORDS Behçet’s disease; multisystem disorder; retinal vasculitis; immuno-
suppressive therapy; interferon alpha

Standard treatment of Behçet’s Disease (BD) consists of steroids, NSAIDS, colchi-
cine and azathioprine for mucocutaneous lesions and arthritis, thalidomide for aph-
thous ulcers, cyclosporin A alone or in combination with azathioprine for ocular BD
and other more serious manifestations as CNS vasculitis. Cytotoxic agents such as
cyclophosphamide and chlorambucil are also widely used for severe ocular or neuro-
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logical BD. Benzathine penicillin and pentoxiphylline have also been described as
effective drugs especially for mucocutaneous lesions [1,2].

Although there has been some improvement in the prognosis of ocular BD with the
abovementioned regimens, there still is a great risk of significant loss of vision in case
of ocular involvement with retinal vasculitis irrespective of the kind of immunosup-
pressive or cytotoxic regimen used. Additionally, the combinatory immunosuppres-
sive regimens and the cytotoxic agents bear the longterm risk of secondary neoplasia.
Thus, there still is a need to further improve the therapy of BD, for example by
instituting new therapeutic agents.

Interferon is a cytokine that was discovered more than 40 years ago by Isaacs and
Lindenmann, who observed that virus-infected cell cultures produced a protein that
rendered cells resistant to infection by many viruses. Interferon-a belongs to the so-
called type-1-interferons and can be produced by virtually all somatic cells after viral
infection. By inducing the release of intracellular enzymes such as 2’5’-oligoade-
nylate synthetase and double-stranded RNA-dependent protein kinase, it causes deg-
radation of viral messenger RNA and inhibits protein synthesis. IFN-a additionnally
has various immunomodulatory effects: increased expression of major histocompati-
bility complex antigens, increased natural killer and cytotixic T cell activity, shift of
the T-cell response towards a TH1-type and many more. It also has antiproliferative
and antiangiogenetic properties. There are two different human recombinant a-IFN’s
in use for the treatment of viral hepatitis and myeloproliferative syndromes, as well as
for certain solid tumours and lymphomas (IFN-a2a and IFN-a2b). They differ in one
amino acid only and there probably is no great difference in their efficacy for the
abovementioned disorders.

Interferon-a (2a) was instituted in 1986 in the treatment for BD by Tsambaos et al.
from Patras in Greece (3). The rationale for using it was the possible viral etiology of
BD and the antiviral properties of IFN-a. This group treated three patients with BD,
one of whom had ocular involvement. The dosage was relatively high (9–12 Mill iU
i.m./day) and the treatment period short (11–16 days). Anyhow, all symptoms (muco-
cutaneous, fever, thrombophlebitis and arthritis) remitted, except the ocular disease.
The second successful treatment of BD with IFN-a was reported by Stadler et al.,
1987 [4]. Their patient suffered from bipolar aphthae, thrombosis, fever, pustulae and
“eye inflammation” (not further specified). Again with a relatively high IFN dosage
(18 Mill iu/day s.c.) for 10 weeks only, the patient achieved a complete remission of
all his symptoms. Later on, 21 small studies and case reports appeared in the literature
[5–28]. Up to now, a total of approximately 283 patients treated with IFN-a2a or a2b
for BD have been reported, 34 of whom primarily were treated for their ocular in-
volvement (mostly posterior uveitis with retinal vasculitis). 

The results in all these studies and case reports from 18 different groups and 8
countries are very promising, although it is difficult to compare them, because differ-
ent inclusion criteria, treatment regimens and outcome measures were used.

IFN-a clearly is effective for mucocutaneous lesions and arthritis, with a tendency
towards lower efficacy for oral aphthae than for the other manifestations. As far as
ocular manifestations are concerned, the first case reports on patients with refractory
severe ocular BD who were successfully treated with IFN-a appeared in 1993 and
1994, respectively [6,7]. 
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In all four cases, the patients had retinal vasculitis and received IFN-a in addition
to their (ineffective) immunosuppressive agents. All patients achieved complete re-
mission of ocular inflammation. 

Motivated by two initial cases with ocular BD who were successfully treated with
IFN-a in our clinic [13,28], one with retinitis and one with retinal vasculitis and
secondary Kaposi’s sarcoma due to immunosuppressive therapy, a pilot study with 7
patients was performed [18]. From 1994 up to now, our group has treated 53 patients
with severe ocular BD (posterior uveitis with retinal vasculitis) with IFN-a2a alone
(maximum steroids 10 mg prednisolone) (3–6 Mill iU s.c. daily at the beginning,
maintenance dosage 3 × 3 Mill iU/week, after 6–12 months tapering until discontinu-
ation). The mean observation period is 26 months. 45 of the patients are observed for
more than 6 months now. 86 eyes were involved. Median BD activity score and
posterior uveitis score fell from 7,3 to 3,7(not significant) and from 3,7 to 0,4
(p<0,0001) respectively. Mean visual acuity significantly rose from 0,5 to 0,8
(p<0,005). 90% of the patients were responder. Time to response was 3,7 weeks for
the posterior uveitis score (reduction of at least 50%). IFN could be discontinued after
a mean treatment duration of 13,4 months in 36% of the patients without relapse of
ocular disease for a mean period of 13,2 months [25].

Recently, a randomised controlled study on IFN-a2b plus colchicine plus benza-
thine penicillin versus colchicine plus benzathine penicillin alone appeared in The
Lancet [19]. The authors randomised 135 patients. Sixtyfive patients received inter-
feron. Only patients without acute ocular attacks or CNS manifestations were includ-
ed. IFN was given in a dosage of 3 Mill iU / day s.c. for 6 months, whereas colchicine
(1,5 mg/day) and benzathine penicillin (1,2 Mill iU i.m. every 3 weeks) were contin-
ued throughout the whole median follow-up period of 38 months in both groups.
Disease manifestations occuring during the study period were additionnally treated
with steroids, NSAIDS, and in case of ocular attack (posterior uveitis) with azathio-
prine (2–2,5 mg/kgbw) which was maintained for 18–24 months. The patients in the
interferon group had significantly less ocular attacks and less loss of visual acuity than
those without IFN. The other disease manifestations were also less frequent in the IFN
group. Unfortunately, the kind of ocular manifestation is not clearly specified and the
therapeutic agents used in addition to the study medication are probably confusing the
results, for example by a possible antagonism of IFN and immunosuppressants. Any-
how, IFNa was the only agent with a positive influence on visual acuity. This study
unfortunately had to be retracted from publication by the editor, due to fraud.

The side effects of IFN-a described in BD patients roughly are the same known
from patients with hepatitis C or chronic myelogenous leukemia (flu-like syndrome in
the first 2 weeks, reddening at the site of injection, itching, alopecia, depression,
leukopenia, thyroiditis, exacerbation of psoriasis, occurrence of autoantibodies and
anti-interferon-antibodies). Other side effects, imitating BD symptoms, such as retinal
infiltrates (described in hepatitis C) and pathergy phenomenon (described in CML)
[29,30] have not occurred in the BD patients treated with IFN-a to cure the disease by
now. To the contrary, pathergy phenomenon disappeared under IFN, as did retinal
infiltrates due to vasculitis (own observations).
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CONCLUSION

IFNa is a promising agent in the treatment especially of severe ocular BD, where the
results of the immunosuppressive regimens still are unsatisfactory. The dosage neces-
sary to achieve optimal results probably is 3–6 Mill iU daily for 4–8 weeks, mainte-
nance dosage 3 Mill iU 3x/week, with a treatment duration of at least 6 months before
discontinuation of the drug. We would like to underline that in our hands it is not
possible to discontinue azathioprine or cyclosporin A in severe ocular BD without
relapse or even rebound phenomena – thus, IFN in this respect may be superior to the
standard immunosuppressants. The time to response also seems to be shorter than with
immunosuppressants. The mechanism of action of IFN-a in BD is still unclear and
should be examined in further trials. A controlled randomised crossover study of IFN
versus CSA should urgently be performed in order to be able to clearly determine the
significance of IFN in the treatment of BD.
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20. Type I Interferon Treatment of 
Experimental Autoimmune Uveoretinitis

ABSTRACT

Type I interferons (IFNs) have immunomodulatory properties that may make them
useful in the treatment of autoimmune disease. Experimental autoimmune uveoretinitis
(EAU) is a T cell-mediated, organ-specific autoimmune disease that can be induced by
immunization of retinal antigens in susceptible strains of mice and rats, and is widely
viewed as a model for uveitis in humans. When daily intramuscular injections of mouse
natural IFN-a/b were given to Lewis rats immunized with interphotoreceptor retinoid-
binding protein (IRBP), a 25 to 30% reduction in peak inflammation was observed both
by clinical and histopathological examination. Decreased inflammation in IFN-a/b
treated rats was associated with a suppression of directly measured intraocular IFN-g
levels that normally rise with the acute inflammation of EAU. The oral administration
of IFN-a/b was also effective in suppressing IRBP-induced EAU inflammation. These
results support continued investigation of the effect of type I IFN therapy in both
experimental and clinical uveitis.

KEYWORDS: Cytokine therapy; experimental autoimmune uveoretinitis; interfer-
on; interphotoreceptor retinoid-binding protein

INTRODUCTION

The anti-viral and anti-tumor effects of type I interferons (IFNs) have been well
studied, and these agents are now used for the treatment of several types of viral
infections and malignancies [1,2]. Type I IFNs also have immunomodulatory proper-
ties that may make them useful in the treatment of autoimmune disease [3]. For
example, intradermal injections of recombinant IFN-b have been shown to be effec-
tive in multiple sclerosis [4]. Furthermore, intradermal injections of recombinant IFN-
a have been reported to be beneficial in the treatment of the mucocutaneous lesions
and arthritis [5], and intraocular inflammation [6–8] associated with Behçet’s disease. 
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TYPE I INTERFERONS

Type I IFNs, which include IFN-a, IFN-w, IFN-b and IFN-t (trophoblast IFN), orig-
inate from the same ancestral gene and are structurally homologous enough to utilize
the same cell receptor. In contrast, the sole type II IFN, IFN-g, shares no molecular
homology to type I IFNs and utilizes a separate cell receptor. Although there are
roughly 13 non-allelic genes coding for IFN-a in humans, there is only a single gene
coding for IFN-b. Of all the type I IFNs, IFN-a and IFN-b share the highest degree of
homology, roughly 30% in humans [9]. Both proteins are roughly 166 amino acids in
length. The number of genes that code for IFN-a are slightly different in mice than in
humans, although there is still only one gene for IFN-b in mice and the general
structures of both IFN-a and IFN-b are the same for mice as in humans.

Although all cells are likely capable of producing IFN-a and IFN-b, most do not
release measurable amounts. However, a variety of situations and/or agents can trigger
production and secretion of these type I IFNs including viral and bacterial infections,
Gram-negative bacterial endotoxin, streptococcal proteins, and cytokines such as in-
terleukin (IL)-1, tumor necrosis factor (TNF) and interferon (IFN)-g. In addition,
certain cells, namely T cells and NK cells, are constitutive producers of IFN-a and
IFN-b.

TYPE I INTERFERONS AND IMMUNOMODULATION

Several genes are activated in cells treated by type I IFNs, including those coding for
MHC-class I and class II proteins, b-2 microglobulin, and 2–5 A synthetases. The
effect on MHC proteins represent one manner in which type I IFNs modulate the
immune system. Both IFN-a and IFN-b are strong inducers of class I antigens, thereby
boosting the cytotoxic activity of T cells. Type I IFNs can also augment expression of
class II antigens on accessory cells that in turn interact with T cells. Other type I IFN
effects include enhancement of immunoglobulin secretion by B cells, activation of
NK cells, and stimulation of macrophage activity [9]. 

INTERFERON a/b IN EXPERIMENTAL AUTOIMMUNE UVEORETINITIS

One way to examine how type I IFN therapy might be beneficial in clinical uveitis is
to look at its effect in an animal models. Experimental autoimmune uveoretinitis
(EAU) is a T cell-mediated, organ-specific autoimmune disease that can be induced
by immunization of retinal antigens in susceptible strains of mice and rats, and is
widely viewed as a model for uveitis in humans [10,11]. 

When daily intramuscular injections of mouse natural IFN-a/b were given to
Lewis rats immunized with interphotoreceptor retinoid-binding protein (IRBP), a 25
to 30% reduction in peak inflammation was observed both by clinical and histopatho-
logical examination [12]. Decreased inflammation in IFN-a/b treated rats was associ-
ated with a suppression of directly measured intraocular IFN-g levels that normally
rise with the acute inflammation of EAU as shown in Figure 1 [13]. This result is
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consistent with a suppression of the T helper type 1 (Th1) response in the eye. Previ-
ous evidence to support the role for a Th1 response in EAU includes the demonstration
of IFN-g by immunostaining techniques and reverse-transcriptase polymerase chain
reaction in EAU eyes in vivo [14,15]. Furthermore, T cell lines that produce IFN-g in
vitro have been shown to have the ability to transfer EAU, but not cell lines that
produce IL-4 [16]. Thus the IFN-a/b induced reduction in intraocular IFN-g levels
argues strongly for IFN-a/b being an effective suppressor of inflammation in EAU.

Figure 1 Lewis rats immunized with IRBP were given daily intramuscular injections from day
0 (day of immunization) to one day prior to sacrifice of either control or 105 IU IFN-
a/b. Mean concentrations of IFN-g in intraocular extracts from normal healthy rats,
IRBP-immunized control EAU rats and IFN-a/b treated EAU rats on days 8, 12 and
16 (right eyes) are shown (n= 5). IFN-g detection limit = 13 pg/ml. 

Figure 2 Lewis rats immunized with IRBP were given daily intramuscular injections from day
0 (day of immunization) to one day prior to sacrifice of either control or 105 IU IFN-
a/b. Mean concentrations of IFN-g in intraocular extracts from normal healthy rats,
IRBP-immunized control EAU rats and IFN-a/b treated EAU rats on days 8, 12 and
16 (right eyes) are shown (n= 5). IL-10 detection limit = 15.6 pg/ml.
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Interestingly, when IRBP-immunized Lewis rats were treated with IFN-a/b, in-
traocular IL-10 levels were also suppressed during peak EAU as shown in Figure 2
[13]. This result renders unlikely the possibility of local activation of a Th2 response.
It may be that both intraocular Th1 and Th2 responses are co-suppressed with IFN-a/
b. This would be in agreement with studies in multiple sclerosis patients, in which
IFN-b was found to have no influence on numbers of IL-10 secreting Th2 cells in
peripheral blood mononuclear cell cultures, and it has been tentatively suggested that
IFN-b does not activate Th2 cells in these patients [4]. Furthermore, a regulatory T cell
associated with transforming growth factor (TGF)-b production, capable of suppress-
ing both Th1 and Th2 responses, may be involved in the response to IFN-a/b treat-
ment [17, 18]. Other ways in which IFN-a/b might influence intraocular cytokine
production and suppress local inflammation must also be considered, including de-
creased peripheral immune cell trafficking to the eye by alteration of cell adhesion
molecule expression on vascular endothelial cells.

The oral administration of type I IFN was also found to be capable of suppressing
EAU in IRBP-immunized rats [19]. Spleen cell proliferation and IFN-g production
from rats treated with IFN-b were significantly decreased compared to controls. Fur-
thermore, the proportion of both NK cells and NK-T cells in the peripheral blood of
rats treated with IFN-b was increased compared to controls. These results suggest that
the oral administration of IFN-b reduces inflammation in IRBP-mediated EAU, and
that the mechanism of this action may involve NK cells and NK-T cells.

The mechanism of action of orally-administered IFN is believed to distinct from
that given either intravenously or injected intradermally or intramuscularly. This is
based on animal studies showing that oral administration of IFN-a in mice does not
result in detectable levels of IFN-a in the serum [20]. Furthermore, in contrast to
intraperitoneal administration, circulating antibody to IFN does not block the suppres-
sive effect that orally-administered IFN has on peripheral white blood cell counts [21].
Moreover, it has been shown that low dose IFN, while ineffective if given parenteral-
ly, is able to suppress acute experimental autoimmune encephalomyelitis when given
orally [22]. Such potential efficacy, combined with the obvious benefit of ease of
administration, has made oral IFN therapy a viable alternative to injected therapy.
Clinically, the oral administration of type I IFN has been shown to be effective in
patients with multiple sclerosis [23], rheumatoid arthritis, insulin-dependent diabetes
mellitus (IDDM) [24] and Sjögren’s syndrome [25].

CONCLUSION

Type I IFNs, administered either as an intramuscular injection or orally, are capable
of suppressing EAU inflammation in IRBP-immunized Lewis rats. This suppressive
effect is associated with a reduction in the normally elevated intraocular IFN-g and IL-
10 levels observed in EAU. Finally, these results support continued investigation of
the effect of type I IFN therapy in both experimental and clinical uveitis.
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