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ABSTRACT

Behcet' sdiseaseisa chronicinflamma -
tory disorder of unknown etiology. It

has long been postulated that immuno -
logical abnormalities, which are possi -
bly induced by microbial pathogensin

genetically susceptible individuals, are
important in its pathogenesis. Recent
findings have both supported the signif

icance of genetic factors and better
defined the nature of inflammation in
Behcet's disease. Molecular genetic
studies have strengthened the primary
association of HLA-B51 with Behcet's
disease. The exact pathogenic mecha -
nism of the HLA-B51 molecule is still

unknown, and its contribution to the
overall genetic susceptibility to Beh -
cet's disease is estimated to be less
than 20%. Spontaneous and/or induced
overexpression of pro-inflammatory
cytokines (mainly Thl type) from vari -
ous cellular sources seems responsible
for the enhanced inflammatory reac -
tion in Behcet's disease, and it may be
associated with the genetic susceptibil -
ity. An antigen-driven immune response
superimposed on this primed-state and

induced by heat shock proteins or other

peptides from different strains of strep -
toccocci or other microbial agents has
been suggested to trigger manifesta -
tions of Behcet's disease. Endothelial

activation/injury and the resultant oc -
clusive vasculopathy may also contri -
bute to the tissue damage.

Introduction

Behcet’ sdiseaseisachronic inflamma
tory disorder characterized mainly by
recurrent oral aphthous ulceration, gen-
ital ulceration, skin lesions and uveitis.
Behcet' sdisease isnow recognized asa
multisystem vasculitis, which can also
affect al types and sizes of blood ves-
sels, joints, lungs, central nervous and
gastrointestinal systems (1, 2).

The etiopathogenesis of Behget's dis-
ease is unknown. It has long been pos-
tulated that immunological abnormali-
ties, which are possibly induced by mi-
crobia pathogens in genetically sus
ceptible individuals, are important in
its pathogenesis (3-5). Recent findings
have both supported the significance of
genetic factors and better defined the
nature of inflammation in Behget's di-
sease.
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Genetic susceptibility to Behcet's
disease

Behcet’ s disease has adistinct epidemi-
ological feature. It is seen more preva-
lently in a geographic area extending
from the Mediterranean basin to Japan,
between 30" and 45’ latitudes North (6).
Thisregion fits well to the ancient Silk
Road and also overlaps with a higher
frequency of HLA-B5L in the healthy
population (6, 7). It was suggested that
the genetic susceptibility to Behcget's
disease might have spread via nomadic
tribes or immigrating Turks along this
route (7). Mitochondrial DNA studies,
which indicate trading of genes bet-
ween Eastern Asians and Europeans
travelling on the Silk Road, also sup-
port that peculiar geographic distribu-
tion of Behcet's disease might have a
genetic basis (8).

Behcet's disease is not a genetic dis-
ease with a Mendelian inheritance
model. The majority of patients are
sporadic cases with no family history.
However, a familial aggregation of
Behcet' s disease patients has long been
noted, and an increased diseaserisk has
been ohserved among first degree rela-
tives (9, 10). Sibling recurrence risk
rate was found to be 4.2% in Turkish
patients, and Koné-Paut and colleagues
reported a higher rate of 10% for juve-
nile patients (9, 10). Sibling recurrence
risk ratio () of Behget's disease was
estimated to be 11.4-52.5in Turkey (9),
which indicates a strong genetic back-
ground. Analysis of multicase families
supported a complex genetic inheri-
tance model, and a genetic anticipation
in the form of earlier disease onset in
the children of affected parents, was
observed in some families (11, 12).
Association of HLA-B51 with Behget's
disease is the strongest evidence sup-
porting the involvement of genetic fac-
tors in its pathogenesis (7, 13). It has
long been investigated whether HLA-
B51 has a direct role in the pathogene-
sis, or whether this association reflects
linkage disequilibrium with a suscepti-
bility gene for Behcet' s disease located
close to the HLA-B locus. The tumor
necrosis factor (TNF) and lymphotoxin
genes, which are located centromeric to
HLA-B, attracted researchers as possi-
ble candidates for Behget' s disease sus-
ceptibility. An aléic association bet-
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ween TNF locus and Behget's disease
was demonstrated using microsatellite
and restriction fragment length poly-
morphisms (14-16). Investigation of
the genomic segment between the TNF
and HLA-B loci revealed a stronger
association of Behcet' s disease with the
MHC class | chain related gene A
(MICA), which is located 46-kb cen-
tromeric to HLA-B (17). The MICA
geneis expressed in fibroblasts, epithe-
lial cells, endothelia cells and mo-
nocytes. It was proposed that this ex-
pression pattern might explain the
inflammation sites in Behget's disease,
and that antigen presentaion by the
MICA moleculesto T cells, which
are known to be increased in Behcet's
disease, might be the pathogenic mech-
anism (17). However, it was shown that
the polymorphism of the MICA mole-
cule has no role in antigen presentation
to T celsintheintestinal epithelium
(18), and the MICA antigen does not
seem to be expressed on the cell mem-
brane of the keratinocytes and mono-
cytes despite the detection of mMRNA
(29).

Fine mapping studies using highly
polymorphic microsatellites confirmed
the critical region for Behget's disease
as 46-kb segment between the MICA
and HLA-B loci (20). Allelic associa
tion, genotypic differentiation and stra-
tification analyses in different ethnic
groups have proved that HLA-B51 is
showing the strongest association with
Behcet's disease, and all other asso-
ciations including the MICA, is due to
linkage disequilibrium with HLA-B51
(21-23). However, since the linkage
disequilibrium can extend very long
distances within the MHC region, itis
still difficult to assess the individual
supplementary effects of the MICA or
other neighbouring genes on a HLA-
B51 carrying haplotype to the Behget's
disease susceptibility.

Different hypotheses have been gene-
rated to explain the direct pathogenic
role of HLA-B51 in Behget's disease.
HLA-B51 isone of the split antigens of
HLA-B5, and it differs only 2 amino-
acids from the other -B5 split antigen,
HLA-B52, which is not associated with
Behcet's disease. Asparagine and phe-
nylalanine at positions 63 and 67 of the

1 helix of the HLA-B51 molecule are
replaced with glutamic acid and serine
at the same positions in the HLA-B52
(13). These 2 aminoacids constitute the
B pocket of the antigen binding groove,
and determine the motif of the peptides
that can bind. Presentation of certain
Behcget's disease-associated peptides
from different microbia antigens with
HLA-B51 might be amechanism in the
pathogenesis. No HLA-B51 restriction
could be demontrated so far in experi-
ments using peptides which are thought
to be Behget's disease-specific (24).
Twenty-four different HLA-B51 alleles
(HLA-B*5101-B*5124) have been
described by now. They al share the
same aminoacid sequence at the B
pocket of the antigen binding groove
except B*5107 and B*5120. Molecular
HLA-B51 typing in different ethnic
groups suggest that —-B51 alleles in pa-
tients with Behcet' s disease are not dif-
ferent from those in healthy controls
(16, 25-28).

Cross-reactivity between HLA-B51
and organ-specific antigens is another
mechanism postulated in the pathoge-
nesis of Behcet's disease. Misfolding
or aberrant assembly of HLA class |
heavy chains as well as enhanced ex-
pression due to up-regulated immune
response increase the possibility of pre-
sentation of HLA class |-derived pep-
tides by HLA class Il molecules. Wild-
ner et al. identified a polymorphic
HLA-B sequence common in HLA-
B27, -B51 and several other HLA-B
aleles (B27PD), which shows amino-
acid homology with retinal soluble an-
tigen (S-Ag)-derived peptide (29). This
peptide can induce anterior uveitis in
rats (29), and an ora tolerance could
also be elicited using B27PD peptide in
patients with uveitis (30). Kurhan-
Yavuz and colleagues demonstrated in-
creased T cell response against retinal
S-Ag, retina S-Ag derived peptide and
B27PD peptide in Behget's disease pa-
tients with posterior uveitis compared
with those with non-Behget anterior
uveitis or Behget’ s patients without eye
disease (31).

Another function of HLA class | mole-
cules has recently been described by
the identification of a new family of re-
ceptors expressed mainly by natural
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killer (NK) cells and also CD8+ and

T cell receptor (TCR)+ cells (32-34).
These killer immunoglobulin-like re-
ceptors (KIR), bind to conserved epi-
topes at residues 77-83 of the 1-hdlix,
which are shared by different aldlic
groups of HLA class | molecules. En-
gagement of these receptors has been
shown to be associated with selective
inhibition of NK cell or T cell mediated
cytotoxicity. It may be an alternative
hypothesis that the pathogenic role of
HLA-B51 in Behcget’'s disease might
also involve an interaction with KIR
(KIR3DL1) molecules on inflammato-
ry cells (28, 35, 36).

HLA-transgenic animal models are
quite helpful for investigation of HLA
and disease associations. There is only
one HLA-B*5101 heavy chain trans-
genic mouse model published by now.
These animals did not develop any
Behcet' s disease-rel ated manifestation,
and only showed an increased neu-
trophil activity following f-Met-L eu-
Phe (fMLP) stimulation compared to
HLA-B35 and non-transgenic mice
(37). A similar enhanced neutrophil ac-
tivity was reported in HLA-B51 posi-
tive healthy individuals (37, 38). The
association of HLA-B51 with neu-
trophil functions remains to be clari-
fied. We still need more HLA-B51
transgenic animal models with and
without human 2-microglobulin in
different strains of mice and ratsto ex-
plore the role of HLA-B51 in the pa-
thogenesis of Behcet's disease.
Anaysis of asmall group of multicase
families has confirmed the genetic link-
age of the HLA-B locus to Behget's
disease by using the transmission dise-
quilibrium test (39). The same study
has also indicated that the contribution
of the HLA-B locus to the overall ge-
netic susceptibility to Behget's disease
is less than 20%, and identification of
other susceptibility loci, which consti-
tute the magjority of genetic contribu-
tion, is awaited (39). A recent linkage
study in 28 multicase families of Turk-
ish origin hasrevealed a novel suscepti-
bility locus for Behcet's disease in
6p22-p23, telomeric to the MHC re-
gion (40). This new locus needs to be
fine-mapped and confirmed in other
ethnic groups.
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Microbial agents and Behget's
disease

Microbial pathogens have been postu-
lated as either a causative agent or a di-
sease-triggering factor in Behget's di-
sease. Professor Behcet himself sug-
gested a vira etiology for the disease
(41). Some researchers claimed that
they had isolated a virus from the le-
sions of Behcet's disease (42-44).
However, this could not be confirmed
by others. The presence of Herpessim -
plex virus (HSV) type 1 genome within
the peripheral blood lymphocytes of
Behcet's disease patients was demon-
strated by hybridization of viral DNA
probes to the complementary RNA or
amplification by polymerase chain re-
action (PCR) (45,46). A 289-bp geno-
mic HSV type 1 sequence was also am-
plified by PCR from the saliva, genital
and gastrointestina ulcers of patients
with Behcet's disease (47,48). Sohn
and colleagues developed an animal
model with the inoculation of HSV
type 1 to the ICR mice, and about 30%
of the mice showed various manifesta-
tions, some of which resembling to
those of Behcet's disease (49). Howev-
er, none of these findings are specific to
Behcet's disease, and they could not
support adirect causative role for HSV
in the etiology of Behcet's disease.
Involvement of streptococcal antigens
have also long been claimed in the pa
thogenesis of Behcet's disease. An in-
creased skin reactivity to streptococcal
antigens was reported, and these anti-
gensinduced systemic Behcet' s disease
manifestations in some patients during
skin testing (50, 51). Flare of the mani-
festations were observed after denta
treatment or extraction (50). Many ob-
servers including Behget reported a
higher frequency of the history of den-
tal caries, periodontitis or tonsillitis in
patientswith Behcet' s disease, possibly
related to streptococcal infections (52-
54). An increased percentage Srepto -
coccus sanguis colonies was found in
the oral flora of patients with Behcet's
disease (55). Antibodies reactive with
uncommon serotypes of S. sanguis
KTH-1, KTH-2 and KTH-3 [now, all
identified as S. oralis(56)] were detect-
ed in the sera of Behcet's disease pa
tients and in none of the patients with
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rheumatoid arthritis and healthy con-
trols (57).

Involvement of heat shock protein
(hsp) in the pathogenesis of Behcet's
disease was proposed as a common de-
nominator between different microbial
etiological factors which also show sig-
nificant homology with human mito-
chondrial hsp. Certain epitopes of mi-
crobial hsp were suggested as antigens
triggering a specific immune response
and producing a cross-reacting inflam-
matory reaction (57). Four peptides
from 65-kD mycobacterial hsp (111-
125, 154-172, 219-233, 311-325) and
their homol ogous peptides from human
60-kD hsp (136-150, 179-197, 224-
258, 336-351) were identified by T-cell
epitope mapping using short term cell
lines from British patients with Beh-
cet's disease (24). An increased T-cell
response against these peptides has
later been shown in the Japanese and
Turkish patients (58, 59). The hsp pep-
tides induced anterior uveitis in Lewis
rats by subcutaneus immunization in
complete Freund adjuvant with intrape-
ritoneal Bordatella pertussis (60). The
most uveitogenic peptide was the 336-
351 from the human 60-kD hsp. This
peptide dlicited uveitis also by ora or
nasal mucosal administration, and anti-
CD4 antibodies prevented the develop-
ment of uveitis (61). However, none of
the rats developed a posterior uveitis
and/or retinal vasculitis similar to uvei-
tis of Behcget's disease, and no other
finding was detected in the mouth, skin
and external genitalia of the animals.

Immunological abnormalities
Non-specific hyperactivity

(The pathergy phenomenon)
Non-specific increased inflammatory
response is an important feature of
Behcet's disease. The classical exam-
pleisthe skin pathergy reaction, which
is characterized by the development of
a papule or pustule following a simple
needle prick to the skin, which issimi-
lar to those appearing spontaneoudly in
the disease (62). Thisincreased respon-
siveness to minor trauma or other sti-
muli is not unique to skin, and the pa-
thergy phenomenon can be observed at
other body sites or even at the cellular
level as an up-regulated inflammatory
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response (63).

Increased expression of severa cyto-
kines from lymphocytes and mono-
cytesisreported in Behget' s disease (4,
58, 63-66). Over-secretion of mainly
Thl type proinflammatory cytokinesis
prominent during especially active
phase of the disease (66). However, in-
creased secretion of interleukin-1 (IL-
1), IL-6, TNF and IL-8 from mono-
cytes following lipopolysaccharide
(LPS) stimulation compared with
healthy and/or disease controls can also
be observed even in inactive patients
(64).

Activation of neutrophils with increas-
ed chemotaxis and superoxide genera-
tion, and enhanced adhesion molecule
expression was long suggested as the
main pathogenic mechanism in Beh-
cet’sdisease (4, 37, 67, 68). Enhanced
superoxide generation after fMLP sti-
mulation suggests that neutrophils are
primed in vivo in Behcet's disease
(4,37). Increased production of some
cytokinessuch asIL-8, TNF and IL-1
from lymphomononuclear cells and/or
endothelial cells may have aregulatory
role in neutrophil functions and might
explain this primed state. It has recent-
ly been demonstrated that neutrophils
from patients with Behcet's disease
constitutively express TNF- mRNA
and produce increased amounts of
TNF- with LPS stimulation (4, 69,
70). Behget's disease neutrophils also
produce I1L-12 and IL-18 spontane-
ously, which may play akey rolein the
generation of Thl immune responses.
Enhanced TNF- production might
help to auto-prime neutrophils and pro-
long their own life-span, which might
result in accumulation of activated neu-
trophilsin the site of inflammation (70)
Although the relationship of HLA-B51
with neutrophil functions is not clear,
genetic factors seem to play an impor-
tant role in the non-specific enhanced
inflammatory reaction in Behcget's dis-
ease.

Antigen-driven immune response

Recent studies has revealed the central
role of T-cell mediated immune re-
sponse in the pathogenesis of Behcget's
disease (24, 58, 59, 63, 65, 66, 71-74).
Histopathological investigations de-
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monstrated mainly T-cell dominated
perivascular infiltrates in involved tis
sues (4, 62, 75, 76). Several phenotypi-
cal and functional abnormalities were
reportedinboth +and + T-cellsin
Behcet's disease. Although there are
conficting reports about the number of
CD4+ and CD8+ T-cells in the periph-
eral blood of Behget's disease patients,
an increase in the proportions of  T-
cellsand CD8+  T-cells was consi-
stently found (65, 71-74).
Intracytoplasmic cytokine expression
of individual cells by flow cytometry
showed increased percentage of IL-2
and IFN- producing T-cells in active
patients with Behcet's disease (66,77).
High serum levels of IL-12 in parallel
with an increased frequency of periph-
era IL-2 and IFN- producing T cells
support a strong, polarized Thl im-
mune response in vivo (66). A decrease
of Thl type T cells was detected after
the treatment of active patients with
immunosuppressant drugs. On the
other hand, noincreasein Th2 type IL-
4 producing T cells was observed dur-
ing inactive stage of patients with Beh-
cet's disease (66, 77).
Analysisof  + T-cell population also
revealed that significantly increased
proportion of  + T-cellswere in acti-
vated stage and producing both IFN-
and TNF- (65, 78). In contrast to the
+ T-cells, the chain of IL-2R
(CD25) expressionon  + T-cellswas
found to be increased. Yamashita et al.
reported that CD45RA*  + T-cells
produced more TNF- and TNF- than
CD45RO"  + T-cells, while both sub-
sets were producing equal amounts of
IL-8, but no IL-4 at all (72).
Oligoclonal T-cell expansions which
correlate with clinical activity of the
patients have proved the contribution of
the antigen driven immune response to
the immunopathogenesis of Behcet's
disease (58, 71). Several antigens have
been found to stimulate T-cells in
Behcet'sdisease. T-cell can be stimu-
lated by streptococcal antigens to pro-
duce IL-6, IFN- or neutrophil poten-
tiating factors (79, 80). Also, hsp-
derived peptides can stimulate T-cell
proliferation in Behcet's disease (24).
Hasan and colleagues reported a signif-
icant proliferative response to four

mycobacterial hsp-derived peptides in
specificaly subset of T-cells, and
also observed a correlation between di-
sease activity and T-cell response (74).
They suggested that these + T-cells
may have a regulatory roleon  + T-
cells. Kaneko et al. found an antigen-
driven oligoclonal expansion in CD4+
subset of T-cellsin response to the 336-
351 peptide from the human 60-kD hsp
in Japanese patients with Behget's dis-
ease (58). An association between the
T-cell proliferative response to this
peptide and the presence of ocular
lesions was also observed (58). Prolif-
erating T-cells expressed proinflamma-
tory cytokine mRNAS, including IL-8,
TNF- , TNF- (58). It has been sug-
gested that hsp-stimulated T-cells may
cross react with oral mucosal or retinal
tissues because of a molecular mimicry
between bacterial and self hsp mole-
cules (57, 81).

Hirohata et al. showed that this hyper-
sensitivity of Behget'sdisease T cellsis
not restricted to the disease-specific
hsp peptides (63). Low concentrations
of staphylococcal enterotoxins could
stimulate Behcget's disease T-cells
through TCR  chain for IFN- pro-
duction, much more effectively than
norma or rheumatoid arthritis T-cells
(63).

Although their total number was within
normal range, some functional abnor-
malities were defined in B-cellsin Beh-
cet's disease. Elevated numbers of
spontaneously immunoglobulin secret-
ing B-cells, increased percentage of ac-
tivated and memory B-cells and IgA
isotype of B-cells were found in active
patients (73, 82, 83). B-cell epitope
mapping with the 65-kD mycobacterial
hsp in Behget' s disease showed signifi-
cant increases in IgA and IgG antibod-
ies against the peptides overlapping
with the T cell epitopes (84).

Some investigators have reported in-
creased number of NK cellsin patients
with clinically active Behcet's disease
(85, 86). Suzuki and colleagues showed
increased percentages of both NK
(CD16 + CD56 +) cells and CD56+ T-
cells (86). On the other hand, Eksioglu-
Demiralp et al. found increased
CD4+CD16+ and CD4+CD56+ T cell
subsets in Behcet's disease, but could
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not demonstrate elevated levels of
CD16+CD56+ NK cells in their series
(87). And Hamzaoui and colleagues
observed a decrease in CD16+ cellsin
active patients (88). NK cell activity
measured by K562 cytotoxicity was
found to be significantly low, and it
was explained by theincrease of imma-
ture NK cdlls in active patients. The
expression of CD16 and CD56 antigens
on many different cells, the activity and
type of manifestations, immunosup-
pressant drugs and the heterogeneity in
the genetic and triggering factors might
partly explain the conflicting results,
and it needs to be further investigated
in longitudinal studies. Data about the
KIR expression on NK and CD56+ T-
cells and their interaction with HLA
molecules are also lacking in Behcet's
disease, and it may be important in the
pathogenesis.

Endothelial activation/injury
Behcet's disease is recognized as an
unclassified systemic vasculitis, which
affects all types and sizes of blood ves-
sels. A thrombotic tendency with a pre-
dilection for the venous side of the vas
culature is well-known feature of Beh-
cet’ sdisease. Hemostatic investigations
have shown findings not specific for
Behcet's disease, but consistent with
both activation of coagulation system
and fibrinolytic activity, reflecting en-
dothelia activation and/or injury (89-
92). It has been suggested that activa
tion of endothelial cells by perivascular
infiltrates composed of activated mo-
nonuclear cells and neutrophils is the
origin of thrombotic tendency of Beh-
cet’ s disease. However, endothelial ac-
tivation markers do not differ between
Behcet's disease patients with and
without thrombosis.

The presence of procoagulant muta-
tions, such asthe factor V Leiden or the
prothrombin gene mutation increases
the risk of thrombosis in Behget's dis-
ease (93-95). Circulating anticardi-
olipin and anti-endothelial cell antibod-
ies were reported in some series (96-
99). The contribution of these antibod-
ies to the endothelial injury and/or
thrombotic tendency of Behcet's dis-
ease is speculative, and many believe
that they reflect disease activity and
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develop secondary to tissueinjury.
Hormonal factors

Hormonal factors may also have a
place in the pathogenesis of Behcet's
disease which remains to be identified.
Although the number of female pa-
tients is almost equal to the number of
males in many series, Behcet's disease
has a more severe disease course in
men (100, 101). It can be argued that
female hormones may have a protective
role on the endothelia activation, and
may prevent the progression of Beh-
cet's disease (102, 103).

Conclusions

Behcet' sdiseaseisachronic inflamma-
tory disorder with exacerbations in the
oral and genital mucosa, skin, eyes,
joints, blood vessdls, lungs, brain and
intestines. Recent studies have support-
ed the direct role of HLA-B51 in the
pathogenesis of Behcet's disease. The
exact mechanism of action of HLA-
B51 molecule is still unknown, and its
contribution to the overall genetic sus-
ceptibility to Behget's disease is esti-
mated to be less than 20%. Sponta
neous and/or induced over-expression
of pro-inflammatory Thl type cyto-
kines from various cellular sources
seems responsible for the enhanced
inflammatory reaction in Behcget's dis-
ease, and it may be associated with the
genetic susceptibility. An antigen-dri-
ven immune response superimposed on
this primed-state and induced by hsp
(or other) peptides from different
strains of streptoccocci or other micro-
bial agents has been suggested to trig-
ger manifestations of Behcet's disease.
Endothelia activation/injury and the
resultant occlusive vasculopathy may
a so contribute to the tissue damage.
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