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Behget’s disease (BD) is a multisystemic disor-
der with mucocutaneous, ocular, arthritic, vas-
cular, and central nervous system involve-
ments." Recent developments in the
immunopathogenesis of BD are discussed in
this review. Box 1 summarises the major
aspects covered.

Neutrophil activation

Neutrophils are mature immune cells with a
very short life in vitro and have a pivotal role in
innate immune responses. As typical BD lesions
such as pustular folliculitis, pathergy reactions,
and hypopyon have significant neutrophil infil-
trations, neutrophil functions and activation sta-
tus have been extensively investigated.' > Con-
flicting reports of increased, normal, or
decreased basal and fMLP stimulated superox-
ide productions, phagocytosis, chemotaxis, and
neutrophil-endothelial adhesion in BD may
reflect the status of clinical activity, in vivo neu-
trophil activation, drug effects, or just methodo-
logical problems of investigating neutrophils.>”
In a recent study, which showed decreased
fMLP stimulated superoxide production in BD
and patients with sepsis, consecutive restimula-
tions of prestimulated BD neutrophils produced
a smaller increase in superoxide production than
in healthy controls, implying a state of in vivo
neutrophil preactivation.” An in vivo “primed”
state of neutrophils with a dual signalling system
for activating neutrophil oxidase has been
suggested previously.'® Agents such as fMLP or
the cytokines, tumour necrosis factor oo (TNFa)
and granulocyte monocyte colony stimulating
factor, have been shown to increase tyrosine
phosphorylation of various intracellular proteins
and to prime neutrophils in vivo without full
activation, which might also be the case in BD
with its proinflammatory cytokines. In HILA-
B51 transgenic mice, a presumed model for BD,
the only abnormality seen is increased superox-
ide release in response to fMLP.° High superox-
ide responses were also present in HLA-B51+
patients and healthy controls in the same study,’
but this has not been confirmed.’

Cellular and humoral immunity

T cell activation, both in the peripheral blood
and tissue specimens, is present in BD. A pos-
sibly antigen driven change in the peripheral
blood CD4+ and CD8+ T cell repertoire, with
oligoclonal T cell receptor Vf subset increases,
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Box1 Immunopathogenic aspects of
Behcget’s disease

® Neutrophil activation

Cellular and humoral immunity
Antigenic stimuli

Herpes simplex virus

Streptococci and superantigens

Heat shock proteins (65 kDa, off-
crystallin)

e HILA-B51 and antigen presentation

® Retinal-S antigen and HILA-B51 as
autoantigens

® Vascular disease and antiendothelial cell
antibodies

® Sex aspects

has been observed." However, the high indi-
vidual variability of dominant V[ subsets
between patients make it impossible to impli-
cate a single antigen as driving the T cell acti-
vation. Yo+ T cells are also increased, both in
the peripheral blood and tissue infiltrations,
with high expressions of the early T cell activa-
tion markers CD29 and CD69."”

As for most other autoimmune disorders and
vasculitides, the Thl-type cytokine profile is
predominant in BD. Both CD4+ and CD8+ T
cells, which produce the Thl type proinflam-
matory cytokines interleukin 2 (IL2) and inter-
feron y (IFNY), are increased in the peripheral
blood," and correlate with disease activity."
ILL12, which drives the Th1 response in naive T
cells, is raised in BD sera, in correlation with
Th1 lymphocytes. Th2 lymphocytes and levels
of Th2 cytokines are generally found to be
low,” '° except in a study in which there were
high in vitro IL4, IL10, and IL13 levels.”
Peripheral yo+ T cells also secrete IFNy and
TNFo as major cytokines, which it is suggested
are of the Thl type.”

Although BD does not have the features of a
classical autoimmune disorder, such as female
dominance, hypergammaglobulinaemia, Sj6-
gren’s syndrome, and antinuclear antibodies,'®
some B cell activity, such as increased sponta-
neous immunglobulin secretion, is reported."
Autoantibodies such as antiendothelial cell
(AECA), antilymphocyte, and anticardiolipin
antibodies, especially of IgA isotype, are also
present.””** Although the total B cell number is
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normal, they express increased levels of activa-
tion markers such as CD13, CD33, CD80, and
the memory marker CD45R0O.” The low level
of CD5+CD19+ B cells which produce
autoantibodies suggests that BD is distinct
from classical autoantibody mediated disor-
ders. However, as the current role of B cells in
the immune system is not limited to antibody
production, but also includes antigen presenta-
tion, the activated and memory type B cell pro-
file might modulate T cell activation in BD.

Antigenic stimuli

HERPES SIMPLEX VIRUS

A viral cause for BD was first postulated by
Behget in 1937* and, later, viral particles were
claimed to be isolated from patients’ fluids.”
Although herpetiform ulcers are not common,
herpes simplex virus (HSV) is currently the
only virus possibly associated with BD.'?
Serum anti-HSV-1 antibodies are found in a
higher proportion of patients with BD than in
controls, and circulating immune complexes
with the HSV-1 antigen have been reported.”
HSV DNA has been demonstrated in the geni-
tal and intestinal ulcers of patients with BD,”
but not in oral ulcers.”® Thirty per cent of ICR
mice inoculated with HSV are reported to have
Behget’s disease-like symptoms, with genital
ulcers, skin, and eye lesions,” which attenuate
with Th2-type cytokine expression.”” However,
a high mortality and some different mucocuta-
neous lesions are also present in this model.
Anti-HSV immunity is also common in normal
subjects, and data on the therapeutic effects of
antiviral treatment in BD are scarce and the
results controversial.' ?

STREPTOCOCCI AND SUPERANTIGENS

As BD starts mostly from the oral mucosal sur-
face (oral aphthae are the first manifestation in
70% of patients), oral microbial flora have long
been implicated in the pathogenesis. Clinical
observations such as increased oral manifesta-
tions after dental treatment, hypersensitivity to
streptococcal skin tests, dominance of atypical
streptococcal species in patients with the oral
flora of BD, and recent reports of beneficial
antibacterial treatment suggest a role for strep-
tococci in BD.* %!

KTH-1 (a crude extract of Streprococcus san-
guis SSH-83) causes increased 1.6 and IFNy
secretion by peripheral blood T cells of patients
with BD.”” KTH-1 also up regulates y8 T cells
in short term T cell cultures, and KTH-1-
specific Y0 T cell lines secrete the proinflamma-
tory mediators IL6, IL8, and TNFa.” In addi-
tion to streptococcal antigens, Escherichia coli
and Staphylococcus aureus also activate BD lym-
phocytes to release increased amounts of IFNy
and IL6. T lymphocytes in BD secrete IFNy in
response to lower doses (1-10 pg/ml) of the
staphylococcal superantigens SEB and SEC1
than controls, and Hirohata and Hashimoto
proposed a T cell hyperreactivity in BD.*

60/65 kDa HEAT SHOCK PROTEIN (HSP)
Heat shock proteins, especially 60/65 kDa HSP
(HSP65), are possible candidate antigens for
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BD. HSPs have scavenger roles for other intra-
cellular proteins under denaturating stress
conditions such as infections, hypoxia, trauma,
and toxic drugs. Various immune mechanisms
are described for the role of HSPs in infectious,
autoimmune, and malign disorders.” As sig-
nificant sequence homology exists between the
mammalian and microbial HSPs (mycobacte-
rial and human HSPs60/65 have over 50%
homology), it has been suggested that bacterial
HSP responsive T cells stimulate autoreactive
T cells by cross reactivity mechanisms.*

HSP65 is expressed abundantly in epidermal
regions of active skin lesions, such as erythema
nodosum and mucocutaneous ulcers in BD.*
Lehner er al first suggested the concept of
HSP65 as a pathogenic antigen in BD by iden-
tifying anti-HSP65 antibodies cross reactive
with oral mucosal homogenates and oral strep-
tococci.”” Four epitopes of mycobacterial
HSP65 (amino acid sequences 111-25, 154—
72,219-33, and 311-26) were recognised to be
immunodominant for T and B cell re-
sponses.” ** T cell responses to these mycobac-
terial HSP65 derived peptides and to their
50-80% homologues on human HSP60 were
significantly higher in patients with BD from
UK, Japan, and Turkey than in controls.***
HSP peptide responsive T cells were mainly of
the y8 T cell subset in the UK,” whereas
CD4+ T cells were dominant in Turkey and
Japan.* ¥ However, y6 T cells were also
present in tissue specimens where HSP65
expression was up regulated, suggesting that
the local HSP responsive T cell repertoire
might be different from that of peripheral
blood.*

Purified protein derivative and HSP65-
specific long term T cell lines (mainly TCR
af+CD4+ or CD8+) are also highly reactive to
human HSP60 derived peptides in both
patients with BD and healthy controls.** Most
purified protein derivative stimulated lines
responded to epitope 425-41 of HSP60 in
patients with BD (an epitope not described in
primary cultures of patients with BD), whereas
epitope 336-51 dominated in controls, sug-
gesting that the patterns of response and the
immunodominance of epitopes may differ in
patients with BD from those of healthy
controls.

When anti-HSP responses were compared
with antibacterial responses (S sanguis and E
coli) to investigate cross reactivity further,
CD4+ T cell responses were mainly seen
against HSP60 peptides, whereas CD11b+,
CD4+CD56+ cytotoxic T cell responses were
dominant against whole bacterial extracts.*”
The increased presence of similar cytotoxic-
suppressor CD4+CD16+ and CD4+CD56+
T cell subsets in the unstimulated peripheral
blood T cell repertoire of patients with BD also
implicates an in vivo bacterial prestimulation.”

Similarly to the T cell studies, “cross reactiv-
ity” is also demonstrated for anti-HSP60 anti-
bodies. Both antistreptococcal and antiretinal
HSP60 antibodies are raised in the serum sam-
ples of patients with BD and uveitis, with
significant cross inhibition.” Increased anti-
HSP65 antibody responses are also present in
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the cerebrospinal fluid (CSF) of patients with
neuro-BD with parenchymal involvement.”

In an animal model of HSP subcutaneous
inoculation in rats, human HSP derived,
immunodominant peptides caused an experi-
mental uveitis without other symptoms of
BD.* Oral administration of peptides also
induced uveitis, causing an “oral triggering”, in
contrast with most models of “oral tolerance”,
where the mucosal immune encounter with
pathogenic antigens suppresses immune activ-
ity.” Heat shock to oral mucosa also increases S
sanguis colonisation and ocular inflammation
in mice, suggesting that stress may be crucial
for the breakdown of mucosal defences and
anti-HSP reactivity.”

In some other experimental models, such as
adjuvant arthritis, T cell responses to self
HSP60 are protective.” As the anti-
inflammatory cytokines, II.4 and transforming
growth factor B are released after in vitro
human HSP60 stimulation, self HSP reactivity
is also claimed to be immunosuppressive in
juvenile and adult rheumatoid arthritis.”® How-
ever, stimulation with the human HSP60 pep-
tide 336-51 produced IFNy, TNFq, and IL.12
in BD lymphocytes, whereas the Th2 cytokines
1.4 and IL10 suppressed the proliferative
responses.” On the other hand, the only
HSP65 stimulated, TCRyd+, long term T cell
line from a patient with BD secreted IL.4 and
had a Th2 profile (unpublished data), suggest-
ing that both pathogenic and protective im-
mune responses may be induced by HSPs.

With the available data, an immunological
model for the possible role of HSP65 as a T cell
antigen is outlined in fig 1. According to this
model, human HSP60-reactive T cell clones,
escaping high affinity clonal deletion, may be
positively selected with low affinity in thymus
where HSP60 is present as a self antigen and
circulate in an anergic form (Th2 type?) in the
peripheral blood. In oral mucosa and, possibly,

Low affinity selection

Oral mucosa
20
Al lal 1
APC
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in the skin, after non-specific minor injuries
and oral ulcer development, streptococcal and
human HSP60 expression may be up regu-
lated, which stimulates self HSP60 reactive
clones. These T cells might then pass to the
ocular compartment (after non-specific ante-
rior uveitis which breaks down the blood-retina
barrier?), be further activated with retinal-
HSP60, and may cause a chronic ocular
inflammation with Thl type cytokine activity.

OB-CRYSTALLIN

Other heat shock proteins may also be
antigenic in BD. af-Crystallin is a small stress
protein, constitutively present in vertebrate eye
lens, skeletal muscle, and kidney epithelial
cells. Stress-induced expression of af-crystallin
in glia cells of the central nervous system has
been demonstrated.” Serum and CSF IgG and
serum IgM antibody responses to af-crystallin
are raised in patients with neuro-BD compared
with patients with non-inflammatory nervous
system diseases.”” When responses were sub-
classified according to the type of neuro-BD,
similar to the anti-HSP65 responses, patients
with parenchymal neuro-BD had higher CSF
IgG responses to af-crystallin than the
neuro-BD group with intracranial hyperten-
sion (vascular disease). CSF IgG responses to
HSP65 and af-crystallin also showed a signifi-
cant correlation with each other, possibly
owing to similar immune mechanisms driving
both autoantibody responses in the CSF.

Genetic predisposition and HLA-B51

Behget’s disease has a strong genetic back-
ground with familial aggregation.® Among
various genetic markers, relationship to HLA
class I antigens B5 and its subclass B51 is the
most commonly reported,” and linkage of the
HILA-B locus in BD has also recently been
shown.” The presence of this marker has an
odds ratio of 1.5 to 16 in different series.”” An

Thymus Ocular tissue
Naive T cell M
@ — Th1
Anergy Th2

®

Peripheral blood

LA :Human HSP60 (self)
A AA  :Bacterial HSP65

Figure 1  Role of bacterial and human heat shock protein (HSP) 60/65 as T cell antigens in Behget’s disease. APC =

antigen presenting cells.
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T HLA expression

important question is whether B51 is a marker
of susceptibility or severity in BD. Although a
high prevalence is found in hospital based
patients (50-80%),% a field study from Turkey
found B5 in only 26% of the cases.”” Most
patients in this study had not been diagnosed as
BD previously and had a clinically mild, muco-
cutaneous disease.

The role of HLLA class I antigens such as B51
is the presentation of endogenous antigens
synthesised within the cell to CD8+ cytotoxic-
suppressor T cells. The antigen-specific region
of B51 has been analysed, and 8—10 amino acid
length sequences of possible, antigenic pep-
tides were reported.” Peptides derived from
autoantigens, such as thymidylate synthase (aa
253-61), guanine-nucleotide binding protein 3
subunit-like protein 12.3 (aa 192-200), or a
yeast protein UBC5 (61-68), are among these
candidate epitopes. HLA-B*5101 is the major
subtype of HLLA-B51 associated with BD and
differs from HLA-B*5201, a split antigen of B5
but unlinked to BD, by only two amino acids at
positions 63 and 67 which are in pocket B, the
antigen-binding groove. These amino acids are
possibly crucial anchor residues for peptide
binding. Similarly, B*5101 differs from
B*5102 and B*5103 only at positions 171 and
167, respectively. However, *5102 and *5103
are very rare alleles and whether they are not
associated with BD only because of their low
frequency is unknown. With this current
knowledge, a candidate “Behgetogenic”
epitope presented by *5101 is described as
DAIXXXXXF, a hypothetical disease inducing
peptide.” The *B5108 and *5109 subtypes
have also been detected in patients with BD
recently, and their sequence analysis should
also be explored and compared with that of
*5101.%

The role of HLLA-B51-specific peptides and
whether HLLA-B51 restricted CD8+ T cells
have a role in the cause of BD is currently
unknown.®* As described above, HLA-B51
transgenic mice have an enhanced activation of
neutrophils.® Possibly, HLA-B51 may present
an endogenous antigen to cytotoxic T cells in
B51 transgenic mice and activate the cytokine
cascade, causing superoxide release from neu-
trophils without a primary defect.”

An infectious trigger (Streptococci, HSP65)

l

Acute anterior uveitis — No retinal damage

' '

Retinal damage REMISSION

'

S-Ag reactive CD4+ T cells

l

HLA-B27/51 reactive CD4+ T cells

'

Proinflammatory and Th1 cytokine release

:

CHRONIC POSTERIOR UVEITIS

Figure 2 An immunological model for the role of cross reactive retinal-S antigen (S-Ag)
and HLA-B27/51 derived peptides in chronic posterior uveitis of Behget’s disease.

www. annrheumdis. com

999

Similarities between BD and Takayasu’s
arteritis also merit attention as this granuloma-
tous, rare vasculitis, present in some countries
such as Japan with a high prevalence of BD, is
strongly associated with HLA-B*5201.% Possi-
ble differences in binding peptides owing to
two amino acid changes of HLLA-B*5201 and
*5101 seem to cause a very different clinical
spectrum in the same geographical setting.

Another gene positioned close to B51 and
found on the same haplotype may also be
implicated in BD. Mizuki and Ohno first
reported an association of MICA (MHC class
I related gene) between the TNFa gene and the
HILA-B region on chromosome 6, with BD.*
Although, associations of BD with triplet
repeat microsatellite polymorphisms in the
transmembrane region of the MICA gene, alle-
les A6 and A9, were also found in other studies,
a strong linkage disequilibrium of MICA with
HILA-B51 and its low heterogeneity make
MICA an unlikely candidate as a major BD
gene.* However, MICA may still be a second
gene relevant to BD as it has been shown to
stimulate Y8 T and NK cells.” MICA is
expressed mainly by endothelial cells and
fibroblasts, but not by monocytes and keratino-
cytes, and endothelial expression of MICA may
be a target antigen of antiendothelial responses
such as graft rejection.”® Similarly, endothelial
injury in BD may also be perpetuated by anti-
MICA responses.

Retinal-S antigen and HLA-B51—new
autoantigens?

Another candidate autoantigen in BD is
retinal-S antigen (S-Ag). This protein is found
mainly in the retina and is possibly immune-
privileged, with immune responses only seen
after tissue destruction owing to uveitis. T cell
responses against S-Ag are present in various
types of human uveitis, including BD.* ™
Among the immunodominant epitopes of
S-Ag, an epitope (aa 342-355, PDS-Ag) is
found to share homology with a conserved
region of HLA-B molecules (aa 125-138,
B27PD) such as B51 and B27, which are
linked to uveitis in BD and spondyloarthropa-
thies.” As this epitope is presented to and rec-
ognised by CD4+ T cells, a model in which
class I HLA molecules become antigenic
epitopes themselves is proposed.” According
to this model, HLLA derived peptides are
prominent in selecting the repertoire of CD4+
T cell reactivity and, as a consequence, in
defining susceptibility to some autoimmune
diseases. Indeed, a significant portion of small
peptides eluded from the surface of various
HILA class II molecules are found to originate
from HLA class I, including B27PD.” As T
cells recognising class I antigens are a natural
part of our immune repertoire, but possibly
tolerised in thymus, a breakdown of tolerance
may occur after uveal inflammation by cross
reactivity of PDS-Ag and B27PD reactive T
cells (fig 2). Increased proinflammatory cy-
tokine and chemokines in patients with uveitis
may also enhance class I HILA molecule
expression on cell surfaces, increasing their
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intracellular turnover and immune presenta-
tion. Development of uveitis in rats by both
peptides is supportive of this model.”" T cell
responses to these uveitogenic peptides were
first shown in German patients with uveitis,”
and recently confirmed in a larger group of
patients with BD from Turkey.” Interestingly,
only T cells from patients with posterior uveitis
but not from the HLA-B51+ BD group
without uveitis are responsive to uveitogenic
peptides. This suggests that serious uvea
destruction and activation of PDS-Ag reactive
T cells is required for cross reactive anti-
B27PD responses. Increased IL2 and TNFa
releases are also present after PDS-Ag and
B27PD stimulation of peripheral blood mono-
nuclear cells, with a proinflammatory, Thl
type of immune response. Oral feeding of
B27PD derived peptide prevents S-Ag uveitis
in the animal model,”" and has now been tried
in patients with refractory uveitis as a means of
“oral tolerance” treatment.”

Vascular disease and AECA

Vascular involvement in BD is predominantly
venous in contrast with systemic vasculitides.
However, the rare presence of pulmonary
emboli is suggestive of “sticky” thrombi, and in
histopathological studies, in addition to
thrombi, inflammatory infiltrates in vessel walls
point to a vasculitic process.' Vasculitis is also
commonly present in the histopathological
specimens of oral and genital ulcers, erythema
nodosum-like lesions, epididymitis, enteritis,
and central nervous system lesions of BD.™
Non-lytic antibodies against endothelial cells
are commonly present in both vascular and
non-vascular BD.** A 44 kDa endothelial anti-
gen is recognised by IgM AECAs of patients
with BD. These antibodies increase the expres-
sion of ICAM-1 on endothelial cells and can
activate the mitogen activated protein cascade
through the extracellular signal regulated
kinase.” Increased factor V Leiden and the
prothrombin gene G20210A mutations,
mainly in patients with venous thrombosis and
retinal occlusive disease, also show the role of
increased propensity to thrombosis.”® Endothe-
lium dependent, brachial artery flow mediated
dilatation is also impaired in BD, which is
improved by vitamin C treatment and suggests
a role for oxidative stress in vascular involve-
ment.”

Severity and sex

One currently underexplored area is differ-
ences between the sexes in BD, which is more
severe in men.' Severe complications, such as
vascular, central nervous system, and pulmo-
nary disease, as well as mortality, are related to
the male sex.** However, serum levels of testos-
terone and oestradiol are not different in male
patients with BD.* Sebum excretion rates
which are under androgenic control are
increased in BD, but also in patients with RA.*
Oestrogen is shown to protect against endo-
toxin induced uveitis in Lewis rats. In endo-
toxin induced uveitis, cellular infiltration is
more marked in male than in female rats, and
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ovariectomy increases cellular infiltration. Oes-
trogen decreases E-selectin and IL6 gene
expressions through oestrogen receptors in the
vascular endothelium.” As another mecha-
nism, fMLP stimulated superoxide generation
from neutrophils is decreased in vitro with oes-
trogen incubation.®* Through these mecha-
nisms, oestrogen may suppress the proinflam-
matory functions of vascular endothelium and
neutrophils, explaining the milder clinical
course in women.

Behget’s syndrome: observations from
the clinic. Different antigenic stimuli for
different manifestations?
The name “Behget’s syndrome rather than
Behget’s disease” is suggested by Ehrlich ez al
owing to a different, milder clinical course in
Western populations than in patients with the
classical course from the “silk route”.® Al-
though this approach has not been universally
agreed, it might be helpful in elucidating the
predisposing genetic and environmental fac-
tors. Various manifestations of BD occurring
unpredictably during the disease course and
not linked to any previous risk factor may be
associated with different organ-specific anti-
gens or genetic predispositions. Therapeutic
trials provide interesting clues, as the effects of
various popular treatments in BD seem to be
organ-specific. Colchicine is especially effective
for erythema nodosum-like lesions but has a
limited effect on arthritis or uveitis. It is not
uncommon to see mucocutaneous lesions
relapse in patients receiving immunosuppres-
sive treatment which prevents ocular attacks. In
a recent trial, thalidomide was found to be
effective for oral and genital ulcers, but caused
a significant increase in erythema nodosum
lesions in the first eight weeks.* As an explana-
tion for this surprising observation, the authors
suggested that “the cause of aphthous ulcers
and erythema nodosum may not have a
common putative denominator in BD”.
Immune responses to local antigens, such as
dermal keratins in psoriasis or synovial anti-
gens such as collagen type II in rheumatoid
arthritis, have been reported.*” Similarly, local,
organ-specific antigens may be immunopatho-
genic for patient subgroups with mucocutane-
ous, ocular, or articular organ involvement in
BD. Retinal S-antigen derived PDS-Ag, with T
cell recognition, found only in patients with
posterior uveitis, is a candidate organ-specific
antigen of this type. Similarly, the presence of
anti-HSP60 antibodies, mainly in patients with
parenchymal neuro-BD, but not in pure vascu-
lar form, underlines the fact that even within
the same organ immune responses may reflect
different clinical subtypes.

Summary

Both innate and adaptive immune systems are
activated in BD, with a proinflammatory and
Th1-type of cytokine profile. BD may be linked
to a specific, primary immune abnormality
with a genetic mutation affecting an adhesion
molecule or a proinflammatory cytokine, which
predisposes to early or more intense neutrophil
and T cell responses. Alternatively, a broad
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intracellular signalling abnormality of a tran-
scription factor, which lowers the threshold of
inflammatory responses to external stimuli, as
proposed for familial Mediterranean fever with
decreased pyrine expression of neutrophils,
may be present (hyperreactivity model).

However, an adaptive immune system is also
crucial in BD, with possibly both external
(streptococcal, superantigens) and internal
(heat shock or organ-specific proteins) antigens
driving the pathogenic tissue T cell infiltra-
tions. Better characterisation of pathogenic
immune cell subsets, systemic and local
antigens, and abnormal cell-activation mecha-
nisms may help in the future to develop more
specific and less toxic immunotherapeutic
approaches to the still unsatisfactorily treated
BD.

The author thanks Professor H Yazici for critically reading the
manuscript.
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