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ABSTRACT

Objective. Microorganisms such as
streptococcus and autoantigens such as
60 kD heat-shock protein (HSP60) are
implicated in the etiopathogenesis of

Behcet' s disease (BD).

Methods. Peripheral blood mononu -
clear cells from patients with BD (n=

16) and healthy controls (HC) (n=11)

were cultured for 5 days with extracts
of S. sanguis-KTH-1 (SS), E. cali (EC)

and a mixed peptide combination from
human HSP60 (aa 136-50, 179-97, 224-

58 and 336-51) reported to be associat -
ed with BD. T and NK cell subset chan -
ges were determined by flow cytometry.

Results. In unstimulated 5-day cultures
vd* (both CD4*yd* and CD8*yd*),

CD8'af*, CD4*CD56" and CD8*CD-

11b* cells were increased in BD com -
pared to HC. In antigen-stimulated cul -
tures of BD patients CD3" and aff* T

cells responded to HSP60 peptides
whereas EC stimulated only CD16/

CD56* NK cells. In the control group,

similar to BD, af* and CD4* T cdlls
responded to HSP60 peptides, however

SSand EC mainly activated cytotoxic T
cell subsets (CD8'CD11b and CD4*-

CD56* Tcells).

Conclusion. Significant increases in

unstimulated T cell subsets suggest the
presence of an in vivo T cell activation

in BD. In both patients and controls
similar patterns of responses were
observed against different microorgan -
isms, however the role of human HSP -
60 peptides asimmunodominant, cross-

reactive antigens could not be demon -
strated.

Introduction

Various microorganisms such as Strep-
tococcus and Herpes Simplex virus are
implicated in the etiopathogenesis of
Behcet’'s disease (BD), a systemic vas-
culitis of unknown etiology (1, 2). Clin-
ical observations such the presence of
oral apthae as the first manifestation in
70% of the patients, increased oral
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manifestations after dental manipula-
tions, hypersensitivity to streptococcal
skin tests, dominance of atypical strep-
tococcal species in BD patients oral
flora, and the recent reports of benefi-
cal anti-bacterial therapy put forward
the role of streptococcusin BD (3-8).
In elucidating the immune mechanisms
of streptococcal pathology, KTH-1 (a
crude extract of Streptococcus sanguis
SSH-83, SS) has been found to stimu-
late IL-6 and IFN-g secretion by the
peripheral blood T cells of BD patients
(9). Ord bacteria floraisaso shown to
activate gd* T cellsin BD (10). KTH-1
upregulates gd* T cellsin short-term T
cell cultures and KTH-1 specific gd* T-
cell lines secrete pro-inflammatory me-
diators IL-6, IL-8 and TNF-a (11,12).
The main antigenic stimuli of S san -
guis is suggested to be a 95 kD BES-1
gene product consisting of 849 amino
acid residues (13).

However, the specificity of the anti-
streptococcal response has not been
studied in detail in comparison to other
microorganisms such as gram negatives
in BD (2). Although not significantly
different compared to controls, Escher -
ichia coli (EC) also caused a higher
incidence of skin reactions in BD
patients (4). In addition to streptococcal
antigens, E. coli and Staphylococcus
aureusalso activate BD lymphocytesto
release increased amounts of |FN-gand
IL-6 (9). Behcet's T lymphocytes se-
crete IFN-gin response to very low (1-
10 pg/ml) doses of Staphylococcal su-
perantigens SEB and SEC1 compared
to controls and Hirohataet al. proposed
aT cell hyperreactivity in BD, unrelat-
ed to a species-specific response (14).
Heat-shock proteins (HSP) are highly
conserved proteins among microorgan-
isms and mammals and HSP60/65 has
been suggested as an immunodominant
antigen in BD, associated with the
“cross-reactivity” of microbial HSP60
with its human homologue (3, 15).
Anti-mycobacterial HSP65 antibodies
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are shown to be cross-reactive with oral
mucosal homogenates and oral strepto-
coccus (16). Four epitopes of mycobac-
teriadl HSP65 (amino acid sequences
111-25, 154-72, 219-33 and 311-26)
and their human counterparts with 50-
80% homology, were recognized to be
immuno-dominant antigens for T and B
cell responses in BD in studies from
UK, Japan and Turkey (15, 17-19).
With this background, in this study we
aimed to investigate the effects of mi-
crobial (E. coli and S. sanguis) and auto
immune stimulation with human HSP-
60 peptides on peripheral blood lymph
ocyte subsetsin BD patients to test whe-
ther anti-microbial responses against
streptococcus are specific and associat-
ed with human HSP60 responses.

Materials and methods

Patients and controls

Sixteen patients with BD (6 males, 10
females; mean age: 35, range 24-51),
diagnosed according to the Internation-
al Study Group Criteria for BD (20)
and followed in the multidisciplinary
Behcet's Disease Out-patient Clinic at
Marmara University Hospital in Istan-
bul were studied. At the time of the
study, al patients had clinically active
disease with at least two clinical mani-
festations. All patients had a history of
oral ulcers, 13 (81%) had folliculitis,
12 (75%) had genital ulcers, 10 (63%)
had erythema nodosum, 5 (31%) had
venous thrombosis and 4 each (25%)
had arthritis or ocular involvement. The
pathergy test was positivein 9 (56%) of
the patients. Nine patients were HLA-
B51-positive. Eleven patients were treat-
ed with colchicine (1-2 mg/day), where-
as no patients were using immunosup-
pressive treatment at the time of sampl-
ing. Eleven healthy volunteers (6 males,
5 females;, mean age: 33, range 21-46)
with no signs or symptoms of BD or
any other disease, were studied as nor-
mal controls. The study was approved
by the Ingtitutional Review Board and
informed consent was obtained from
all patients.

Preparation of antigenic stimulants

Streptococcus sanguis SSH-83 (KTH-
1) were kindly provided by F. Kaneko,
Japan. Bacteria were washed 3 times

by centrifugation, re-suspended in PBS,
and incubated at 42°C for 30 minutes to
stimulate HSP expression. After killing
at 85°C for 20 minutes, whole bacteria
cells were subjected to sonification for
obtaining their soluble extracts. Ex-
tracts were then centrifuged and wash-
ed twice with PBS. Protein contents of
the extracts were estimated acccording
to Lowry method. In each experiment,
10 mg/ml of soluble bacterial extracts
were used.

Human HSP6E0 derived peptides 136-
150, 179-197, 224-258 and 336-351,
previously demonstrated to be immun-
odominant in BD (17,19), were synthe-
sized (Albachem, Ireland). As T-cell
responses to single peptides were low
in frequency and magnitude (19), we
mixed the four peptides together in
equal concentrations of 50 mgr each in
serum-free RPM1-1640 medium.

Cdll seperation and culture

Blood was taken from the patients and
controls into heparinized tubes and per-
ipheral blood mononuclear cells
(PBMNCs) were separated by standard
Hypaque/Ficoll density gradient cen-
trifugation. Cell counts were determin-
ed by using automatic blood count ana
lyser (Coulter, USA). Serum samples
were also isolated using heparin-free
tubes and inactivated at 56°C for 30
minutes. All cultures were carried out
in RPMI-1640 medium supplemented
with 1% Penicillin-Streptomycin, 1%
Sodium pyruvate, 0.3 mg/ml L-Gluta-
mine and 10% freshly prepared autol o-
gous serum. 3-4 x 10° T-cells and
monocytes were cultured in flat-bottom
6-well plates (Greiner, Germany) in a
total volume of 3 ml in the presence or
absence of antigenic stimulators. The
cellswere incubated for 5 days until the
immunophenotypical analysis at 37°C
in ahumified atmosphere of 5% CO,.

I mmunophenotyping

After 5-day incubation period, non-ad-
herent cells were harvested and washed
twice with PBS. Cells were resuspend-
ed in PBS and incubated with saturat-
ing amount of appropriate antibodies
for 30 min at room temperature. Flow
cytometric analysis were performed us-
ing a FACSort instrument (Becton Dick-
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inson, Mountainview, CA). Following
MoAbs were used for double stainings;
anti-CD3, anti-CD4, anti-CD8, anti-
CD11b, anti-CD16, anti-CD56, anti-ab
TCR and anti-gd TCR. Background flu-
orescence was eliminated by running
isotype matched PE- and FITC-conju-
gated mouse IgGs as negative controls
(Pharmingen, San Diego, CA). Data
were acquired and analyzed using the
Cdl Quest software. The lymphocye
population was identified on a scatter
plot, based on forward angle light scat-
ter and 90° light scatter. To eliminate
cell debris and electronic noise conta-
minating the lymphocyte gated popul a-
tion, aleucocyte common antigen, anti-
CD45, was used. An anti-CD14 was
used to examine monaocyte contamina
tion which was consistently less than
1.0%. For dua color fluorescence acy-
togram was generated and 20000 cells
were analyzed.

Satistical analysis

Kruska-Wallis and Mann Whitney-U
tests are used for statistical anaysis. P
< 0.05 was considered as significant.

Results

In unstimulated cultures, gd* T cells,

(both CD4*gd* and CD8'gd* subsets),

CD8*ab*, CD4*CD56* and CD8*CD-
11b* T lymphocyte subsets were found
to be upregulated significantly in BD

compared to HC after 5-day incuba

tions (Table I). Only ab/CD4* T cells
were significantly higher in HC com-
pared to BD (p=0.02). Although not
reaching statistical significance, CD16%/
CD56" NK subset were also elevated in
HC (p = 0.08).

Although mild changes were also ob-

served in ab*, gd* and CD8*CD11b* T
cell subsets, only CD16*CD56* NK

cells increased significantly with E.

coli stimulation in BD (Table I1). A

similar trend was also observed with S

sanguis, without reaching statistical

significance. On the other hand, E. coli

and S sanguis both increased CD56*

(especially of CD4*CD56*T cells) and

CD8'CD11b* cytotoxic T cell subsets
in HC (Table I11). gd*CD8* T cellsare
alsoincreased significantly with S. san -
guis in HC, with a similar but not sig-

nificant trend with E. coli.
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Table I. T and NK cell subsets in BD patients and controls after unstimulated (medium

only) 5-day cultures (mean + SD).

Cell subsets Behget's disease Hedlthy controls p
(n=16) (n=11)

CD3 79.1+92 71.0+ 121

CD4 50.7 + 10.9 51.8+28

CD8 35.0+5.7 30.1+6.5

CD11b 114+ 86 47+33 0.01

CD16 11.7+7.0 143+74

CD56 126+37 129+55

abTCR 735+ 115 705+ 4.6

gd TCR 59+39 28+14 0.01

ab/CD4 39.8+11.9 48.1+58 0.02

od/ CD4 19+ 0.7 0.7+0.6 0.04

ab/CD8 27.8+6.9 225+40 0.03

od / CD8 56+44 14+11 0.002

CD16/ CD56 6.2+26 85+36

CD4/CD16 09+0.8 09+0.3

CD4/ CD56 2717 1.3+04 0.03

CD8/CD11b 71+£51 21+£15 0.008

Tablell. T and NK cell subsets after in vitro stimulation in patients with Behcet's disease

(mean + SD).

Medium only E. coli S sanguis HSPPeptide Mix
CD3 79.1+9.2 81.4+13 80.9+10.0 86.9 + 9.00*
CD4 50.7 £ 10.9 50.6 £ 9.8 51.0+8.2 55.6+11.6
CD8 35.0+£57 345+ 7.6 36.7+ 86 333177
CD11b 114+ 86 123+7.1 116+7.2 92+69
CD16 11.7+£7.0 132+6.5 139+6.5 104+ 7.7
CD56 126+ 3.7 141+ 3.6 141+48 11.7+55
abTCR 735+115 75.0+£12.3 7531126 80.8 + 13.1*
gd TCR 59+4.0 79+37 75+46 7.7+51
ab/CD4 39.8+12.0 447+11.4 430+ 129 48.9 + 13.5**
gd/ CD4 19+0.7 22+25 13+14 18+31
ab/CD8 27.8+6.9 272+75 299+9.1 28.6+83
gd/ CD8 56+4.4 75+55 79+54 76+99
CD16/CD56 6.2+26 80+37* 79+40 55+38
CD4/CD16 09+08 08+04 08+06 09+04
CD4/CD56 2.73+1.73 26+17 31+27 29+19
CD8/CD11b 71+51 100+ 7.0 87155 6.5+4.3

*p<0.05; **p =0.06 —0.07.

With HSP60 peptide stimulation, only
ab* T cell subset (mainly of CD4*ab*
T cells) increased significantly in BD.
In HC, in addition to ab*, CD4*CD56*
T cells are also increased compared to
unstimulated cultures. Although mild
elevations were observed, changes in
od" T cell subsets did not reach signifi-
cance in both groups. There was also
no correlation between the individua
HLA-B51 expressions, colchicine treat-

ment and cell surface antigen expres-
sions after stimulation (data not shown).

Discussion

The innate immune system detects in-
fection using avariety of pattern-recog-
nition receptors that recognize patho-
gen-associated molecular patterns on
microorganisms and trigger various ef-
fector responses. Interaction with and
control of the adaptive immune system
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is aso a crucial role of the innate im-
munity. Vira or streptococcal infec-
tions have been suggested to be associ-
ated with BD and a dysfunction of the
innate immune system might predis-
pose to persistant immune activation af-
ter infectious stimuli. Abnormal adap-
tive immune responses, such as tissue
lymphocyte/phagocyte infiltrations and
a Thl-type, pro-inflammatory cytokine
profile with enhanced IL-12 and IFNg
expressions are then induced (2,15). In
this context, lymphocyte and NK-
mediated cytotoxic responses are pos-
sibly also augmented in BD.

In our study, BD patients had higher
levels of both CD4* and CD8'gd* T
cells in addition to cytotoxic-supressor
T cell subsets CD8'ab*, CD4*CD56*
and CD8*CD11b* T cells compared to
healthy controls in unstimulated 5-day
cultures. These results are in agreement
with our previous report of increased
CD4'CD56" T cellsin BD in unstimu-
lated, directly analysed PBMCs (21).
Two different cell populations, CD8* T
cells and NK cells, mediate the cyto-
toxic function of the immune system.
Recent studies have shown that a sub-
set of CD4* T cells can aso have cyto-
toxic activity (22). This subset express:
ing CD56 antigen is generally found in
close proximity to inflammatory sites
and only a small proportion has been
detected in the peripheral blood (23,
24). Therefore, CD4*CD56* phenotype
is regarded to be associated with organ
and dermal associated cytotoxic T cells
(25).

When we compared responses against
two different microorganisms S. san -
guisand E. coli, athough similar trends
were observed in most subsets, the only
subset with a significant response was
CD16'CD56" NK cells with E. coli.
Therole of NK cellsis controversial in
BD, with normal, decreased or elevated
reports in the peripheral blood (21, 26,
27). NK cell activity measured by
K562 cytotoxicity was observed to be
low, explained by immature NK cells
in active patients (27). However, in-
creased levels of NK cells after bacteri-
a stimulation is not previously report-
ed in BD. The similarity of responses
with two different microorganisms sug-
gest that thisis possibly a general anti-
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Tablelll. Tand NK cell subsets after in vitro stimulation in healthy controls (mean + SD).

Medium only E. coli S sanguis HSPPeptide Mix
CD3 710+ 121 74.2 £ 10.9 76.7+125 79.5+ 9.7
CD4 51.8+28 516+4.1 549+50 56.5+ 5.7*
CD8 30.1+£65 319+6.8 31.8+6.9 29.2+69
CD11b 47+ 33 7.0+ 24*%* 6.8+ 2.8%* 53+21
CD16 143+7.4 16.0+ 8.9 156+79 122+ 6.6
CD56 129+55 18.2+6.2* 189+ 4.3 13.6+4.4
abTCR 705+ 46 720+ 74 755+77 779+ 55*
™ TCR 28+14 40+23 37+23 391+31
ab /CD4 48.1+58 479+5.0 51.6+ 4.4 475+ 155
od/ CD4 0.7+ 0.6 11+10 14+15 1.0+ 0.6
ab/CD8 225+39 229+ 4.3 242+54 247+51
ogd/ CD8 1311 26+20 25+ 2.2 20+22
CD16/ CD56 85+ 3.6 11.2+59 108+ 5.6 6.9+ 3.6
CD4/CD16 09+0.3 09+0.3 09+0.3 19+14
CD4/ CD56 13+04 23+ 1.7 25+ 1.1* 25+ 2.4*%*
CD8/CD11b 21+15 35+1.3* 34+16* 27+0.9

*p<0.05, **p = 0.06—0.07.

bacterial response which might be of
innate nature.

On the other hand, responses in HC
showed a similar pattern for both S
sanguis and E. coli with increases of
mainly cytotoxic subsets CD8"CD11b,
CD4*CD56* and CD8*gd" T lympho-
cytes. As an interesting observation,
the same subsets are elevated in BD pa-
tients' peripheral blood without “stimu-
lation”, suggesting anin vivo activation
of lymphocytes which may limit their
proliferation capacity further inin vitro
conditions.

Elevations of gd* T cellsin unstimulat-
ed samplesin our study are also similar
to most, but not all studies donein BD
in directly analysed PBMCs (10, 28,
29). However, unlike previous reports,
we could not observe increased gd*T
cell subsets after S. sanguis stimulation
(10-12). Similar to a previous study
from Japan, we observed mainly TCR-
ab* responses against HSPE0 peptides
in our study, with responses of CD4*
CD56" cytotoxic T cells also in HC.
Thisisin contrast to Hasan et al. whom
reported significant gd* T cell respons-
es to HSP60 derived peptides in BD
patients from UK (17). This discrepan-
cy might be explained with the back-
ground level of gd* T cellswhich is ob-
served to be different according to eth-
nical origin. A higher percentage of gd*

T cells were reported from the individ-
uals of Mediterranean origin compared
to Scandinavians (30). However, we
also have not observed avery high lev-
el of gd* T cellsin our healthy controls
and elevated levels of gd* T cells main-
ly in unstimulated samples in our BD
patients suggest that antigens other
than HSPs may upregulate this subset
in our population. In this respect, non-
peptide prenyl pyrophosphates are re-
cently described as the dominant anti-
gens for gd* T cell lines derived from
intra-ocular fluid of uveitis patients
with BD (31).

Possibly the most important part of our
datais the similarity of immune respon-
ses against two different (gram postive
and negative) microorganisms, reveal-
ing the problem of the specificity of
anti-streptococcal immunity in BD. As
Hirohata et al. first proposed (14), anti-
gens possibly common to a variety of
different microorganisms might be
immuno-dominant in BD. In this re-
spect, highly conserved heat shock pro-
teins are logical candidates. However,
the differences between anti-HSP re-
sponses and bacterial extracts suggest
that antigens other than HSP60 are pos-
sibly dominant for immune recognition
of S sanguis and E. coli. In this re-
spect, further analysis of other bacterial
antigens such as BES-1 gene product in
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different ethnic populationsis required
(13).

There are some points in our study
which are to be taken into considera-
tion in the interpretation of our data.
We have not performed adirect, freshly
isolated unstimulated analysis of PBM-
NCs and our 5-day unstimulated cul-
tures might have down- or upregulating
effects on certain cell surface expres-
sions. This makes comparing our data
difficult with most studies having anal-
ysis of unstimulated samples done im-
mediately.

In conclusion, our results suggest that
responses to whole bacteria extracts do
not correlate with anti-HSP60 peptide
responses which are mainly recognized
by ab* T cellsin BD. We aso found no
evidence of a species-specific response
against S. sanguis in our population.
Further studies on anti-bacterial im-
mune responses in BD should also in-
clude control microorganisms such as
E. cali to clarify the role of infectious
agentsin the pathogenesis.
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