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Cellular autoimmunity to retinal specific antigens in

patients with Behqet's disease

J H Yamamoto, M Minami, G Inaba, K Masuda, M Mochizuki

Abstract
The notion that autoimmune mechanisms play
a role in the pathogenesis of certain uveitic
conditions in humans is supported by the
observation that lymphocytes from such

-. patients respond in culture against retinal
specific antigens which are uveitogenic in
animals. A large proportion of uveitis patients
-with Behlet's disease are reported to respond
well to S antigen, to interphotoreceptor
retinoid binding protein (IRBP) and to several
of their uveitogenic peptides, in particular, the
S antigen derived peptide M. Patients with
Behcet's disease without ocular involvement
were reported not to differ in their responses to
S antigen from the responses in the control
group, yet 35% ofthem responded to IRBP and
approximately two thirds ofthem responded to
the peptides (peptide M, peptide N, R-4, or
R-14). The responses were inhibited by mono-
clonal antibodies to CD4 and to class II MHC
HLA-DR molecules. The presence of lympho-
cyte responses to retinal antigens in patients
with Behcet's disease without uveitis might
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Behcet's disease, a systemic disorder, is the
leading cause of endogenous uveitis in Japan.'
Uveitis is the most serious clinical finding and is
responsible for 10-15% ofthe acquired blindness
in Japan.' The mechanisms of the ocular inflam-
mation are still controversial.

Several lines of evidence support a significant
role for autoreactive T lymphocytes in mediating
ocular inflammation. Immunisation with retinal
S antigen or interphotoreceptor retinoid binding
protein -(IRBP) causes an experimental auto-
immune uveoretinitis (EAU) that resembles
some human uveitic conditions.2`5 In vivo or in
vitro sensitised, S antigen or IRBP specific T
cells transferred to naive animals induce EAU.6 7

Table I Characteristics ofpatients and controls

Uveitis
Average Disease activity

Number age Malel duration (active!
Clinical entity ofcases (years) female (months) inactive)

Behqet's disease with 43 41 35/8 95 24/19
uveitis (24-66)* (8-540)*

Behqet's disease without 17 46 5/12 122 -

uveitis (28-65) (16-288)
Control 36 32 23/13

(14-80)

*Range.

Furthermore, cellular immune responses to the
antigens are demonstrated in patients with cer-
tain types of uveitis.8-2 We previously studied the
cellular immune responses in patients with
Behcet's disease, sarcoidosis, and Vogt-
Koyanagi-Harada's disease. 3 The previous study
found that patients with Behcet's disease with
uveitis exhibited the highest and the most fre-
quent positive responses to S antigen and IRPB,
as well as to peptide M, a main uveitogenic site of
S antigen.'3 However, lymphocyte responses to
retinal antigens in patients with Behcet's disease
without uveitis were not evaluated. Therefore,
the present study was aimed at analysing the
cellular immune responses to the retinal antigens
in patients with Behcet's disease without uveitis
to investigate the role of cellular immune
responses to uveitogenic retinal antigens in the
pathophysiology of uveitis.

Patients and methods

PATIENTS
Peripheral venous blood samples were obtained
from patients with Behcet's disease with and
without uveitis (Table 1). Patients with uveitis
were from the Department of Ophthalmology of
Tokyo University Hospital; patients without
uveitis were from the Department of Medicine
and Physical Therapy of Tokyo University
Hospital, and from the Second Department of
Internal Medicine and Department of Derma-
tology of Teikyo University Hospital. Patients
with Behcet's disease met the diagnostic criteria
for complete or incomplete type set by the
Behcet's Disease Research Committee of the
Ministry of Health and Welfare of Japan.'4 All
patients with uveitis had the posterior segment
involved with or without active uveitis. The
presence of retinal infiltrates, perivasculitis,
snowbanking, vitreous haze, or cystoid macular
oedema was accepted as evidence of ocular
activity. Twenty four of43 patients with Behcet's
disease with uveitis (60%) had the active form of
the disease when tested. Patients were tested
irrespective of their current medical therapy
(usually consisting of cyclosporine, prednisone,
colchicine, and/or cyclophosphamide) or of the
level of uveitis activity. Thirty six control sub-
jects were selected from either non-research staff
or from clinic patients not being seen for a uveitic
condition, and in whom a retinal or choroidal
disorder had been ruled out. Patients with
Behqet's disease with uveitis and control subjects
were tested in the period between October 1988
and November 1991, while patients with
Behqet's disease without uveitis were tested in
1991. Only patients who gave informed consent
were enrolled in the study.
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ANTIGENS
Bovine S antigen was purified by the method of
Dorey et al," whereas bovine IRBP was isolated
as described by Redmond et al.'6 S antigen
derived peptides were based on the bovine S
antigen sequence reported by Shinohara et al."7
The peptides were synthesised in accordance
with the method of Donoso and co-workers,'8
on a benzhydrylamine resin using an auto-
mated peptide synthesiser (SAM II, Biosearch,
Inc, San Rafael, CA, USA). Peptides M and
N occupy sequences 303 to 320
(DTNLASSTIIKEGIDKTV) and 281 to 302
(VPLLANNRERRGIALDGKIKHE) of the
bovine S antigen, respectively.'920 The IRBP
derived peptides were synthesised and purified
by Applied Biosystems Inc, Foster City, CA,
USA, using the t-BOC chemistry, on a peptide
synthesiser 430A. The peptide sequences were
derived from the sequence of bovine IRBP
as determined and reported by Borst and
associates.2' This consisted of sequence 1158-
1180 (HVDDTDLYLTIPTARSVGAADGS)
for R-4 and of sequence 1169-1191
(PTARSVGAADGSSWEGVGVVPDV) for

R-422 23

Figure I Lymphocyte
proliferative responses to S
antigen (A), peptideM (B),
and peptideN (C) in
patients with Behcet's
disease with and without
uveitis, and controls. The
symbol in the centre ofthe
vertical bars represents the
mean ofthe individual SI
for each group, and the
vertical bars represent the
respective standard error.
The broken line represents
SI=2 0, the cut offpoint to
define a positive response.
Significance level by one
way analysis of variance
between the responses to S
antigen in patients with
Behfet's disease with uveitis
and the controls, *p<005.
A significance level,
p<O0O5, was also observed
between the responses to S
antigen in patients with
uveitis and those without
uveitis.

MONOCLONAL ANTIBODIES
Hybridoma cell lines producing monoclonal anti-
bodies (mAbs) anti-CD4 (OKT4), anti-CD8
(OKT8), anti-HLA-DR (L243), anti-CD2
(TS2/18. 1.1), and anti-CD1 la (LFA-1)
(TS1/22.1.1.13) were obtained from ATCC
(Rockville, MA, USA). MAb directed against
CD3 (OKT3) was purchased from Becton-
Dickinson (Mountain View, CA, USA).

LYMPHOCYTE PROLIFERATION ASSAY
Mononuclear leucocytes from heparinised blood
samples were separated by gradient centrifuga-
tion (Ficoll-Paque, Pharmacia, Uppsala,
Sweden) and cultured in Roswell Park Memorial
Institute (RPMI) 1640 medium with HEPES
(Gibco, Grand Island, NY, USA), supplemented
with penicillin (100 units/ml), streptomycin
(100 gg/ml), glutamine (2 mmol/l), and heat-
inactivated human AB serum 10% (lot no
29309048, Flow Laboratories, Inc, McLean,
VA, USA).
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Cultures were set up in triplicate consisting of
2 x 10' cells/well, incubated for 5 days in flat
bottom, 96 well microplates, at 37°C with 100%
humidity and 5% carbon dioxide in air. The
retinal antigens were added at the concentrations
of 4, 20, or 100 gg/ml. Cultures were pulsed for
the last 16 hours with tritiated thymidine
('H-TdR, New England Nuclear, Boston, MA;
2 Ci/mmol, 0-5 ,uCi per 20 ul/well) and the
incorporated radioactivity was counted by a
liquid scintillation counter. Several antigens
were tested simultaneously. However, not all
antigens could be tested on every patient or
control owing to the small amount of blood
available and the number of mononuclear cells
that could be recovered.
The results were expressed as disintegrations

per minute (dpm) or as stimulation index [SI
(dpm in culture wells with antigen)/(dpm in
culture wells without antigen)]. A response was
considered positive when the SI was equal or
higher than 2-0 (SL¢2-0). A patient with a
positive response to a certain antigen was defined
as a responder. Data were compared among
groups with a one way analysis of variance.
Testing for statistical significance was done using
Mann-Whitney U test and Kruskal-Wallis H
test.

ANTIBODY BLOCKING ASSAY
The mAb was added to the cultures at the
initiation of proliferation assays. Optimal con-
centration of mAb used for blocking assay was
determined previously.

% response=(dpm in culture wells with
antigen and mAb)-(dpm in culture wells
without antigen or mAb)/(dpm in culture
wells with antigen only)-(dpm in culture

wells without antigen or mAb)x 100

Results

LYMPHOCYTE PROLIFERATIVE RESPONSES TO
BOVINE S ANTIGEN AND BOVINE IRBP
In a preliminary study on the kinetics and on the
dose response of the proliferative responses to
bovine S antigen and bovine IRBP, peak
responses were seen in cultures after 5 days of
incubation with S antigen at 4 ,ug/ml and IRBP at
20 ,ug/ml. Therefore, these culture conditions
were used for the following analysis. As for the
lymphocyte proliferative responses, the
responses to S antigen (SI) were significantly
higher in patients with Behcet's disease with
uveitis, mean 8 1 (SE 11-2), than in those
without uveitis, 1-6 (0 7) (p<0 05), or in the
controls, 1-6 (0 9) (p<0 05) (Fig IA). For
IRBP, the responses were significantly higher in
patients with Behcet's disease with uveitis, 5 1
(5 9) compared with the controls, 1-4 (1-4)
(p<005) (Fig 2A). Responses to IRBP in
patients with Behcet's disease without uveitis,
2-3 (1-6), were not as high as those observed in
patients with uveitis (Fig 2A).
Based on the incidence ofresponders, 14 out of

23 (61%) patients with Behcet's disease with
uveitis responded to S antigen, while only five of
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Figure 2 Lymphocyte
proliferative responses to
IRBP (A), R4 (B), and
R-14 (C) in patients with
Behcet's disease with and
without uveitis,and controls.
The symbol in the centre of
the vertical bars represents
the mean ofthe individual
SI for each group, and the
vertical bars represent the
respective standard error.
The broken line represents
SI=2 0, the cut offpoint to
define a positive response.
Significance level by a one
way analysis ofvariance
between the responses to
IRBP in patients with
Behfet's disease with uveitis
and the controls, *p<005.

17 (29%) of those without uveitis and seven of 23
(30%) controls responded to it (Table 2).
Responders to IRBP were found in 16 of 31
(52%) and in six of 17 (35%) patients with
Behcet's disease with and without uveitis,
respectively. Four of 28 control subjects (14%)
responded to IRBP. A statistical significance was
observed between the incidence of responders to
IRBP in the group of patients with uveitis
compared with the controls (p<0-01) (Table 2).
Among the patients and control subjects

shown in Table 1, 22 patients with Behcet's
disease with uveitis, 17 without uveitis, and 21
control subjects were tested concomitantly with
S antigen and IRBP. The group of responders to
at least one of the antigens were 14 of 22 patients
with Behcet's disease with uveitis (64%), nine of
17 patients without uveitis (53%), and eight of21
control subjects (38%). In this population, 64%
of patients with uveitis responded to both anti-
gens, while only 22% of patients without
uveitis,and 28% of control subjects responded to
them.

Still considering the population of patients
with uveitis tested with S antigen and IRBP
concomitantly (n=22) and comparing patients
with active uveitis and those with inactive uveitis
in respect of their responses to S antigen and/or
IRBP, in the group with active uveitis (n= 10),
nine responded to S antigen, of whom five also
responded to IRBP, and one did not respond to
either antigen. In contrast, in the group with
inactive uveitis (n= 12), four responded to S
antigen, these same four patients plus one

Table 2 Incidence ofresponders to retinal antigens and their
uveitopathogenic peptides among patients with Behcet's
disease with and without uveitis, and in controls

Beh4ets disease
Antigen tested
(,g/ml) with uveitis without uveitis Control

S antigen (4)* 14/23t (61%) 5/17 (29%) 7/23 (30%)
Peptide M (100) 24/36 (67%) 16/17: (94%) 7/21 (33%)
Peptide N (100) 13/36 (36%) 13/17 (76%) 8/20 (40%)

IRBP (20) 16/311: (52%) 6/17 (35%) 4/28 (14%)
R-4 (20) 9/20 (45%) 10/17 (59%) 3/14(21%)
R-14 (20) 7/37 (19%) 7/17 (41%) 3/21 (21%)

*Concentration.
tThe numerator refers to the number of positive responders. The
denominator refers to the total number of patients tested.
fSignificance level by Kruskal-Wallis H test, p<001, between
the control group and the indicated groups.
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responded to IRBP and seven were non-
responders to either antigen. Thus, S antigen was
more frequently correlated to active uveitis
(p<0 05). In patients with Behcet's disease with
uveitis, responders to S antigen were more
frequent in the younger age group mean age 39
(SD 10), compared with the non-responders, 47
(12), and in patients having a shorter disease
period, mean 63 (46) months compared with the
non-responders, 185 (157) months.

LYMPHOCYTE PROLIFERATIVE RESPONSES TO THE
UVEITOPATHOGENIC PEPTIDES
In addition to testing in vitro responses to S
antigen and IRBP, the responses to the peptide
fragments of each of these antigens were deter-
mined. The results obtained from culture cells
after 5 days ofincubation with peptidesM andN
at 100 ,ug/ml and peptides R-4 and R-14 at
20 ,g/ml were used for the following analysis.
Although statistical significance could not be
demonstrated, the mean proliferative responses
to peptide M were high in patients with Behcet's
disease with uveitis, mean 7 9 (SE 11 0), as well
as in those without uveitis, 6-2 (4-4), compared
with the controls, 2-2 (1[7) (Fig 1B). Patients
with Behcet's disease without uveitis showed
high proliferative responses to peptide N, 7 9
(7 5), compared with the controls, 3-1 (3 6)
(p<0 05) (Fig IC). Concerning IRBP derived
peptides, the responses to R-4 and R-14 were not
significantly different from the responses in the
controls (Figs 2B and C).
On the basis of incidence of responders to the

peptides, among patients with Behcet's disease
with uveitis, 24 of 36 (67%), 13 of 36 (36%), nine
of 20 (45%), and seven of 37 (19%) responded to
peptide M, peptide N, R-4, and R-14, respec-
tively (Table 2). Similarly, among patients with-
out uveitis, 16 of 17 (94%), 13 of 17 (76%), 10 of
17 (59%), and seven of 17 (41%) responded to the
respective peptides (Table 2). The incidences of
responders to the respective peptides in the
control group were seven of21 (33%), eight of 20
(40%), three of 14 (21%), and three of 21 (21%)
(Table 2). A statistical significance was observed
between the incidence of responders to peptide
M in patients without uveitis compared with the
controls (p<0-01).

Considering the patients tested concomitantly
with the native protein and its respective
uveitogenic peptides, among the 11 patients with
Behcet's disease with uveitis who responded to S
antigen, nine also responded to peptideM (82%),
and five responded to peptide N (45%). All five
patients without uveitis who responded to S
antigen also responded to peptideM and peptide
N. In respect of IRBP, among six patients with
Behcet's disease with uveitis who responded to
IRBP, three responded to R-4 (50%) and two to
R-14 (33%). Of six patients with Behcet's disease
without uveitis who responded to IRBP, five also
responded to R-4 (83%) and six to R-14 (100%).
Several patients responded to a peptide frag-
ment, but did not recognise the native protein.
Among patients with Behcet's disease with
uveitis, five out of 15 responders to peptide M
and/or N (33%) did not recognise S antigen;
while among those without uveitis, 11 of 16
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Figure 3 Inhibition of
lymphocyte proliferative
responses to peptideM with
monoclonal antibodies in
patients with Behfet's
disease. The histograms refer
to four characteristic cases,
two with uveitis (A and C)
and two without uveitis (B
and D). Background
proliferation with no antigen
was less than 3000
disintegrations per minute
(dpm) with proliferative
responses to peptideM
rangingfrom 4000 to 48 000
(dpm), and SI rangingfrom
5-0 to 17-0.
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responders to peptideM and/or N (69%) did not
recognise the native protein. Concerning the
peptides of IRBP, five out of nine (55%) patients
with Behcet's disease with uveitis and five out
of 11 (45%) patients without uveitis, who
responded to R-4 and/or R-14, did not recognise
IRBP.

INHIBITION OF THE LYMPHOCYTE PROLIFERATIVE
RESPONSE WITH mAbs
The study of the inhibition of the lymphocyte
proliferative responses to the antigens with mAbs
was performed in responders to peptide M with
Behcet's disease with (n=3) and without (n=3)
uveitis. Figure 3 shows four representative cases

ofpatients with Behcet's disease, two with uveitis
(Fig 3A and 3C), and two without uveitis (Fig 3B
and 3D). MAbs anti-CD4 and anti-DR inhibited
all responses. MAbs anti-CD3 and anti-T cell
accessory molecules CD2 and LFA-1 also inhib-
ited the responses. Responses of some patients
were further inhibited by mAb anti-CD8. The
responses of both groups of patients with
Behcet's disease were inhibited in a similar way.

Discussion
The presence of cellular proliferative response to
S antigen has been described in various uveitic
conditions."'2 Faure et al24 reported a high fre-
quency of positive responses to S antigen among
patients with Behcet's disease with uveitis using a

leucocyte migration inhibition test. In the pre-

sent study, patients with Behcet's disease with
uveitis showed significant high responses and a
high number of positive responders to both the
retinal specific antigens, S antigen and IRBP.
The responsiveness to S antigen was mostly
observed in patients with Behcet's disease with
active uveitis, in young patients, and in patients
with uveitis of short duration. Several patients
responded to both S antigen and IRBP. This high
reactivity to retinal antigens may reflect the
severe retinal damage that takes place in Behcet's
disease.25 The severe retinal involvement may
elicit cellular responses- to various retinal anti-

gens. On the other hand, the presence of such
responsiveness to these antigens may correspond
to the recurrent and chronic course of Behcet's
disease.
Our study showed that patients with Behcet's

disease without uveitis did not differ in their
responses to S antigen from the responses in the
control group. Yet, more responders to IRBP
were observed in the patient group without
uveitis (35%) than in the control group (14%),
although their responses were lower than the
responses observed in patients with uveitis. Since
IRBP is located in the extracellular matrix
between the retinal pigment epithelium and the
photoreceptor cell layer, it is possible that, in face
of a subclinical inflammation, IRBP escapes the
eye more easily than S antigen, which is located
in the photoreceptor cell layer, and sensitises the
immune system.

It was found that patients with uveitis who
responded to S antigen also responded well to
peptideM (82%), but less so to peptide N (45%).
This indicates that peptide M is an important
lymphocyte proliferative site of S antigen in
patients with Behcet's disease with uveitis.
Responders to either IRBP derived peptide, R-4
or R-14, were demonstrated among patients with
Behcet's disease with uveitis, indicating that
both sites are immunogenic.

Curiously, patients with Behcet's disease with-
out uveitis responded fairly well to all peptides
tested. The mechanisms by which the patients
were sensitised to the peptides are unknown.
However, it is possible that a foreign antigen
having sequence homology to these self-antigens
sensitises the peripheral lymphocytes of those
patients, causing a cross reactivity to peptides.
Indeed, various homologues to peptide M, such
as yeast histone H3, that can induce EAU have
already been described by Shinohara et al.26
Patients with Behqet's disease without uveitis
who responded to the peptides may have the
genetic background that predisposes them to
respond to and/or may have been exposed to the
homologous sequence of the peptides. There-
fore, patients with Behcet's disease without
uveitis may lack the presence of an adjuvant,
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such as microbial infection, so that clinical
uveitis has not developed yet.27 28 In other words,
the presence of lymphocyte responses to peptides
in patients with Behcet's disease without uveitis
might indicate a preclinical stage of ocular
involvement and these patients may develop
uveitis in the future, having the aforementioned
predisposing factors.
The findings that several patients from both

groups with Behcet's disease responded to IRBP
derived peptides, R-4 and/or R-14, but did not
recognise IRBP itself may indicate that these
peptides are 'cryptic determinants.'29 Further,
the non-responsiveness to S antigen but respon-
siveness to peptide M of patients with Behcet's
disease without uveitis could be due to the
differences in the fragments expressed when
bovine S antigen is cleaved and when peptide M
is cleaved.3" However, the non-responsiveness to
S antigen cannot be ignored but responsiveness
to peptide M could be due to the differences in
molar concentration between them. Peptide N
evoked responses in lymphocytes from only
patients with Behcet's disease without uveitis,
therefore, it could be speculated that it is
involved in some suppressive mechanism that
impedes the manifestation of the eye inflamma-
tion.

In spite of the extensive cross-reactivity and
similarities of bovine S antigen and human S
antigen32 and of bovine IRBP and human IRBP,33
and the similarities between the responses to
human and bovine S antigen tested simul-
taneously by Nussenblatt et al,8 several of the
differences observed between the patients with
uveitis and those without uveitis could in part be
related, to the bovine source of the antigens.3'
Intraocular inflammation may increase the
number of circulating clones to less frequent
peptide determinants and these may manifest
themselves as a response to bovine S antigen or
IRBP.
The study on the inhibition of the lymphocyte

proliferative responses to peptide M showed that
the surface molecules involved in the T cell
activation in vitro were similar in both groups of
patients with Behcet's disease, with uveitis and
without uveitis. CD4+ T cells, as well as antigen
presenting cells (APCs) with HLA-DR mole-
cules, were revealed to be important in the
lymphocyte proliferative responses in all patients
tested. These findings are consistent with the
reports about the importance of CD4+ T cells,67
and the presence ofIa+ cells3' in the induction of
EAU. Expression of MHC class II antigens in
both the infiltrating cells and ocular resident cells
has also been described in enucleated eyes from
uveitis patients.35 Hirose et al reported the pre-

dominant role of enriched CD4+ T cell fraction in
the lymphocyte proliferative response to retinal
antigens in uveitis patients.36 The addition of
APC was essential for the lymphocyte response.6
Further, accessory molecules, such as LFA-1
and CD2, which are important for cell-cell
adhesion during activation of the T cell inhibited
the lymphocyte proliferative responses to pep-

tide M. CD3 associated with T cell receptor
(TCR) molecules form the CD3-TCR complex.
The CD3 molecule was also involved in the T cell
response to peptide M. Curiously, the present

study demonstrated that CD8+ T cells are also
involved in the proliferative responses to peptide
M. The primary proliferative responses of puri-
fied CD8+ cells are reported to occur and not to
be blocked by anti-CD4 mAb in a mixed lympho-
cyte reaction against allo-MHC class L" One of
the responses inhibited by mAb anti-CD8 was
also inhibited by mAb anti-HLA class I (data not
shown).
The present study has shown that patients with

Behqet's disease without uveitis did not have
their lymphocytes proliferating to bovine S anti-
gen as much as those patients with uveitis.
However, a certain percentage of patients
responded to bovine IRBP and also to the
uveitogenic peptides, peptides M and N, from
the sequence of bovine S antigen, and to R-4 and
R-14, from the sequence of bovine IRBP. These
findings suggest that cellular autoimmunity to
the retinal antigens may play a pivotal role in the
induction of uveitis in Behqet's disease. Further
longitudinal studies in patients without uveitis
may clarify whether cellular autoimmunity plays
a primary role in the pathophysiology of the
uveitis in Behqet'sdisease.
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