










Figure 3. Functional property of S-Ag
specific T cells disclosed on the basis of
cytokine secretion. PBMCs from all
subjects were stimulated with or without
mixed S-Ag peptides plus anti-CD28 for
72 h. The culture supernatants were
collected and assessed for the
production of IFN-γ (A), TNF-α (B),
and IL-17 (C) by ELISA. The difference
in cytokine levels between the negative
control and S-Ag stimulation in four
groups was analyzed using Student’s t-
test. The cytokine production by
PBMCs upon S-Ag stimulation in each
of the four groups was analyzed by
ANOVA. Significant statistical
difference was set at p<0.05 (*) and
p<0.01 (#); ns means not significant
while bars represent mean values.
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used a panel of overlapping peptides as the antigen to identify
specific immune response in these patients. We found that S-
Ag specific T cells existed in most active BD patients and a
few of the inactive patients. Most autoreactive T cells to S-Ag
were activated memory CD4+ T cells. The study on the
functional properties revealed that S-Ag peptides induced a
production of IFN-γ and TNF-α but not IL-17 in active BD
patients with a response to S-Ag.

Cellular proliferative response to S-Ag or S-Ag peptides
have been described in BD patients [6,8] whereas the
autoimmunity against S-Ag based on cytokine-secreting has
not been reported in patients with uveitis. The ELISPOT assay
has proven to be an optimal technique for assessing antigen
specific cells at a single cell level, which could display one
target cell among one million cells [15,16]. Since IFN-γ was
the key cytokine in S-Ag mediated uveitis [12,17], we applied
the IFN-γ ELISPOT assay in this study to measure the cellular
immune response to S-Ag in BD patients and to enumerate
the frequency of S-Ag specific T cells. We further quantitated
the reactivity by ELISA at the global level. Our data showed
that more than one-half of the active BD patients and a quarter
of the inactive BD patients responded to the mixed S-Ag
peptides at a low frequency of autoreactive T cells. This
response was observed in less than 30% of active Vogt-
Koyanagi-Harada syndrome patients (data not shown) and
none of the healthy controls. The proportion of the positive
response to S-Ag is in agreement with the results presented
by Yamamoto et al. [6]. They found that 61% of BD patients
with uveitis and 29% of BD patients without uveitis responded
to bovine S-Ag and 30% of healthy controls displayed a
weakly positive reactivity. The negative responses shown by
ELISPOT assay in all healthy controls may justify that it is
more specific than the proliferation assay. Interestingly,
although we found a similar frequency of S-Ag specific T cells
in inactive and active BD patients, the IFN-γ level measured
by ELISA in inactive patients was significantly lower than
that observed in active patients. ELISPOT detects the cells as
soon as they begin to secrete the specific cytokine upon
antigen stimulation while ELISA measures the cytokine
concentration in the cell culture supernatant, which sometimes
has a bias due to minimal synthesis and/or cytokine
consumption [18]. The S-Ag specific T cells in inactive
patients may produce minimal IFN-γ at the global level, which
is attributed to their functional inhibition by
immunosuppressive agents. Therefore, the IFN-γ level was
discrepant between ELISA and ELISPOT measurement in
these patients. With regard to the anti-CD3 stimulation, active
BD patients produced a higher frequency of IFN-γ producing
cells than healthy controls and inactive BD patients, which
may show that active BD patients were in an enhanced
immune state. The result that the number of IFN-γ producing
cells in active BD patients was equal whether they responded
to S-Ag peptides or not may suggest that varied mechanisms

besides S-Ag-mediated autoimmunity are involved in the
pathogenesis of BD.

ICS is another ideal approach for assessing single cellular
responses and has been used earlier to study the frequency and
function of effector T cells in BD patients [12,19,20].
Following confirmation of S-Ag specific T cells by ELISPOT
in active BD patients, we analyzed their phenotypic feature
using multiparameter FCM for the expression of CD69 (an
early activation marker) and CD45RO (a memory marker) in
active BD patients with a response to S-Ag. The results
showed that memory CD4  T  cells were the source of S-Ag
specific T cells. Although the stimulated CD8+ T cells also
produced a little amount of IFN-γ, most of them were CD69-

T cells. Therefore these cells were presumed as nonspecific
effector lymphocytes [21]. It is worthy to point out that only
approximately 50% of the active BD patients with a response
to S-Ag showed IFN-γ producing cells detected by FCM. This
may be due to a relatively lower sensitivity of FCM than
ELISPOT to detect the antigen-specific cellular response. It
is regrettable that the phenotype of S-Ag specific T cells in
inactive BD patients could not be investigated due to the
unavailability of blood samples.

An excessive Th1 response involving the pathogenesis of
BD has been demonstrated, mainly by using polyclonal
stimuli [20,22,23]. Recently, studies have disclosed that Th17
cells contribute to autoimmune uveitis [24,25] and
experimental autoimmune uveitis (EAU) [26]. Data from our
laboratory have shown that IL-23 promotes CD4+ T cells to
produce IL-17 in BD patients [27]. A question is raised as to
whether S-Ag specific T cells play a role through the Th17
response pathway. Therefore, we compared the cytokine
profiles of Th1, Th2, and Th17 after stimulation with S-Ag
peptides. Our results showed that the lymphocytes mainly
showed a Th1 response as evidenced by a notable production
of IFN-γ and TNF-α but little production of IL-17. Due to the
highly heterogeneous cytokine production by individuals and
limited sample size, there was no statistical correlation on
cytokine yield between IFN-γ and TNF-α or between IFN-γ
and IL-17. The interesting tendencies outlined offered us
some helpful information. The IL-17 level was not coincident
with the Th1 cytokines in active BD patients with or without
a response to S-Ag. This result may suggest that the S-Ag
specific Th1 and Th17 cells play different roles in Behcet’s
uveitis. It may support the notion that a high level of IFN-γ
may inhibit the generation of an IL-17 response [25,26]. The
elevated TNF-α level in all active BD patients both with and
without a response to S-Ag suggests that the TNF-α level
might be an indication of  disease activity.  Studies with large
group of patients may shed more light on this issue.

In summary, a low frequency of S-Ag specific T cells was
displayed by ELISPOT assay in certain BD patients for the
first time. This antigen specific response was evidenced by
the presence of activated memory CD4+ IFN-γ+ T cells and a
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significant production of IFN-γ and TNF-α by PBMCs. These
results suggest that S-Ag specific T cells may be involved in
the pathogenesis of BD via producing Th1-dominant
cytokines. As the information on the treatments of active
patients was not exactly known, we were not able to determine
whether the responsiveness to S-Ag as well as the phenotype
and cytokine profiles of S-Ag specific T cells were affected
by individual treatment history of each patient or not. Further
studies are in progress to map the Th1 cell immunodominant
epitope of S-Ag.
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