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SUMMARY

 

In Wegener’s granulomatosis (WG), a form of autoimmune systemic vasculitis, chronic carriage of 

 

Sta-
phylococcus aureus

 

 constitutes a risk factor for the development of exacerbations. Circulating T cells in
this disease are persistently activated, suggesting the presence of a chronic stimulus. A causal link
between chronic carriage of 

 

S. aureus

 

 and chronic T cell activation in WG is conceivable, because 

 

S.
aureus

 

 produces superantigens (SAg), which are potent T cell stimulators. Superantigenic stimulation of
T cells results in expansion of T cell subsets expressing SAg-binding T cell receptor V-beta (V

 

b

 

) chains.
In the present study we hypothesized that in WG the presence of staphylococcal SAg is accompanied
by expansion of SAg-reacting T cell subsets. We tested our hypothesis in a cross-sectional and a longi-
tudinal study in which the association between seven staphylococcal SAg genes [typed by poplymerase
chain reaction (PCR)], eight SAg-binding V

 

b

 

 chains and four SAg-non-binding V

 

b

 

 chains (assessed by
flow-cytometry) was assessed. Both studies showed that T cell expansions were present at a significantly
higher rate in WG patients than in healthy individuals, but were not associated with the presence of
either 

 

S. aureus

 

 or its SAg. Moreover, T cell expansions were generally of small extent, and did not
appear simultaneously in both CD4 and CD8 subsets. We conclude that in WG 

 

S. aureus

 

 effects its sup-
posed pathogenic function by a mechanism other than superantigenic T cell activation.
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INTRODUCTION

 

Wegener’s granulomatosis (WG) is a form of autoimmune sys-
temic vasculitis with an as yet incompletely understood patho-
physiology. Autoantibodies against proteinase 3 and, to a lesser
extent, against myeloperoxidase (antineutrophil cytoplasmic anti-
bodies, ANCA), are sensitive and specific markers of the disease
[1–3]. Although the aetiology of WG is probably multi-factorial
[4,5], several environmental factors, such as bacterial infections,
have been proposed as probable initiators of the disease [4]. Our
group has shown that chronic carriage of 

 

Staphylococcus aureus

 

 is
a risk factor for disease exacerbation in WG [6]. This finding was
corroborated by the observation that treatment of WG patients
with the antibiotic trimethoprim–sulphamethoxazole (cotrimox-
azole) resulted in a lower frequency of disease relapses [7]. Thus,
unravelling the mechanisms by which 

 

S. aureus

 

 exerts its noxious
effect is important for understanding and treating this form of

vasculitis. One of these mechanisms may involve staphylococcal
superantigens (SAg).

 

S. aureus

 

 produces a number of SAg, all of which are strong
T cell activators [8]. Activation is T cell receptor V-beta chain-
specific (TCR V

 

b

 

) [8,9], resulting in proliferation of the bound T
cells and thus the expansion of the respective T cell subset. In
WG, we and others have shown that circulating T cells are persis-
tently activated [10,11], suggesting the presence of a chronic
stimulus. Because the prevalence of carriage of 

 

S. aureus

 

 is
increased in WG [6] (60–70% of the patients compared to 15–
20% of healthy controls), we speculated that this stimulus might
be a staphylococcal SAg [4,10]. Moreover, we found a high prev-
alence of 

 

S. aureus

 

 strains carrying genes encoding the SAg toxic
shock syndrome-toxin 1 (TSST-1), staphylococcal enterotoxin A
and C (SEA, SEC) and exfoliative toxin A (ETA) in WG
patients [12]. Interestingly, in this study WG patients with SAg-
positive 

 

S. aureus

 

 strains had a higher relapse risk than patients
with a SAg-negative 

 

S. aureus

 

 strain. These findings suggest a
possible link between T cell activation, SAg and disease activa-
tion in WG.

In the present study we hypothesized that in WG, staphylo-
coccal SAg may activate T cells expressing SAg-binding TCR V

 

b



 

Staphylococcal SAg and T cell expansions in WG

 

497

 

© 2003 Blackwell Publishing Ltd, 

 

Clinical and Experimental Immunology

 

, 

 

132

 

:496–504

 

chains, leading to the expansion of the respective T cell subsets.
We investigated this hypothesis in both a cross-sectional and a
longitudinal study, by assessing the concomitant presence of 

 

S.
aureus

 

, SAg and T cell expansions. Both studies revealed no asso-
ciation between the presence of SAg and the presence of T cell
expansions. To our knowledge, these are the first extensive studies
correlating the simultaneous presence of 

 

S. aureus

 

, staphylococcal
SAg and T cell expansions in WG in particular and systemic
autoimmune diseases in general.

 

MATERIALS AND METHODS

 

Study design

 

In a first, cross-sectional study we assessed whether T cell expan-
sions were present in WG and whether they were associated with
the presence of 

 

S. aureus

 

 and SAg. In that study we focused on
the T cell subsets BV2S1, BV5S3 and BV17S1, as these bind
TSST-1 [13,14], ETA [13], SEA [13–15] and SEC [13–15], respec-
tively, which we found previously most frequently in WG patients
[12].

In a second, longitudinal prospective study we assessed the
relationship between T cell expansions, 

 

S. aureus

 

 carriage and
staphylococcal SAg in time. Here, SAg and T cell expansions
were assessed at three time-points (time intervals 0·5–15
months). Because different V

 

b

 

 chains can recognize the same
SAg, we extended the panel of T cell subsets to eight SAg-
binding subsets (BV2S1, BV5S1 [15,16], BV5S3, BV8S1/2 [15],
BV9S1 [15], BV12S2 [13–15], BV16S1 [15] and BV17S1) and
four SAg-non-binding subsets (BV11S1, BV13S1, BV21S3,
BV23S1), in order to avoid missing associations between SAg
and T cell expansions.

Each study had a separate group of healthy controls.

 

Patients and controls

 

In the cross-sectional study, 36 consecutive patients (19 males, 17
females, mean age 57·8 years, range 25–86 years) with biopsy-
proven WG and fulfilling the criteria of the American College of
Rheumatology for the diagnosis of WG [17] were included.
Patients received no or low dose immunosuppressive treatment
(cyclophosphamide 

 

<

 

50 mg/day, azathioprine 

 

<

 

100 mg/day and/or
prednisolone 

 

<

 

7·5 mg/day) and had anti-PR3 ANCA at diagnosis
[18]. The duration of disease ranged from 0 to 286 months (median
100 months). Active disease and complete remission were defined
according to previously described criteria [7]. Nine patients had
active WG and 28 patients were in complete remission at analysis.
Four patients with active disease received antibiotics. None of the
active patients was receiving immunosuppressive treatment at the
time-point of analysis. Sixteen patients received antibiotics (cot-
rimoxazole tablets or mupirocin nasal ointment). Twenty-one
healthy volunteers (13 males, eight females; mean age 43·5 years,
range 25–86 years) served as controls. Control individuals had
been free from infections for at least 3 weeks prior to analysis.

In the longitudinal study, 10 consecutive WG patients (five
male, five female, mean age 59·3 years, range 29–75 years) were
included. Three of these patients had participated previously in
the cross-sectional study. Patients were in complete remission
during the study. Three patients received low dose immunosup-
pressive treatment (see above) at one or more time-points of the
study. Two patients received maintenance treatment with cotri-
moxazole. A group of eight healthy individuals served as controls
for this study (four male, four female, mean age 36·2 years, range

27–45 years). Control individuals had been free from infections
for at least 3 weeks prior to analysis.

Patients 32–38 (Table 1) participated exclusively in the longi-
tudinal study. Patients 1, 21 and 28 participated in both studies.
All other patients participated exclusively in the cross-sectional
study. The study was approved by the Institutional Review Board
of the Medical Ethical Committee.

 

Monoclonal antibodies and conjugates

 

Monoclonal antibodies (moAbs) against CD4 and CD8 (both Cy-
Q) were from IQP Diagnostics (Groningen, the Netherlands).
MoAbs against the T cell receptor (TCR) chains BV2S1, BV5S1,
BV5S3, BV8S1/2, BV9S1, BV11S1, BV13S1, BV12S2, BV16S1,

 

Table 1.

 

Clinical data of patients with WG

pat Age Sex

Duration
of disease
(months)

Disease
activity

i.s. 
treatment

Antibiotic
treatment

1 45 m 2 active Pr. CT
2 52 f 69 active – –
3 34 m 100 active Cy. CT
4 54 m 20 active Cy. MC
5 71 f 118 active Cy. –
6 51 m 87 active – CT
7 53 f n.p. active – –
8 56 m 250 active – CT, MP
9 31 f 106 quiescent – CT

10 59 f 27 quiescent – –
11 57 m 4 quiescent – –
12 25 f 16 quiescent Aza CT
13 63 m 149 quiescent – –
14 54 m 130 quiescent – CT
15 28 f 95 quiescent – –
16 78 m 118 quiescent – –
17 64 f 54 quiescent – –
18 69 m 72 quiescent Cy., Pr. CT
19 67 m 55 quiescent – –
20 68 f 119 quiescent – –
21 69 m 229 quiescent – MP
22 86 m 178 quiescent – –
23 67 f 286 quiescent – CT
24 86 f 107 quiescent – –
25 65 m 48 quiescent – –
26 45 m 154 quiescent Pr. CT
27 78 m 120 quiescent – CT
28 72 f 181 quiescent – CT
29 27 f 114 quiescent Pr. –
30 81 f 20 quiescent Aza. –
31 27 f 18 quiescent Aza. CT
32 68 m 36 quiescent – –
33 47 f 121 quiescent – –
34 64 f 156 quiescent – –
35 75 m 38 quiescent – –
36 56 f 160 quiescent – –
37 28 f 29 quiescent – –
38 20 m 118 quiescent – –

Abbreviations: pat; patient, Aza: azathioprine; CT: cotrimoxazole; Cy:
cyclophosphamide; MC: minocyclin; MP: mupirocin; i.s. immunosuppres-
sive; n.p. new patient. The dosage of treatment is described in the Methods
section.
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BV17S1, BV21S3 and BV23S1 and goat-antimouse F(ab)

 

2

 

 (FITC)
conjugate were from Immunotech (Marseille, France).

 

Detection of TCR V

 

b

 

 T cell subsets

 

TCR V

 

b

 

 chains on CD4

 

+

 

 or CD8

 

+

 

 T cells were detected by flow
cytometry. One hundred 

 

m

 

l of whole, heparinized blood was
incubated with V

 

b

 

 moAb and 5% goat serum, followed by goat-
antimouse F(ab)

 

2

 

 (FITC) conjugate. Free binding sites on the con-
jugate were blocked with 10% mouse serum (CLB, Amsterdam,
the Netherlands). Finally, cells were incubated in CD4 or CD8
moAb, respectively, without further washing. All incubations
were carried out in PBS/0·5% BSA/0·01% sodium azide for
15 min at room temperature, in the dark, and were followed by
appropriate washing steps. Erythrocytes were lysed with FACS-
lysing solution. Cells were washed with PBS and analysed on an
Epics Elite cytometer (Beckman Coulter, Mijdrecht, the
Netherlands). CD4

 

+

 

 and CD8

 

+

 

 T cells were gated and 2000–5000
events were recorded within these gates, respectively. Population
percentages were calculated using the WinList 3·2 software pack-
age (Verity Software House, Topsham, USA).

 

Detection of

 

 S. aureus
Nasal flora was sampled by rotating a sterile cotton swab in each
anterior naris. Swabs were inoculated on 5% sheep-blood and salt
mannitol agar. 

 

S. aureus

 

 was identified by coagulase and DNase
positivity. Single 

 

S. aureus

 

 colonies were isolated and cultured on
blood agar plates. Microbiological assays and preservation of bac-
terial strains were performed at the Department of Microbiology
of the University Hospital.

 

Isolation of staphylococcal DNA

 

DNA was extracted from 

 

S. aureus

 

 strains by the method of Boom

 

et al

 

. [19], with several modifications. Briefly, one colony of 

 

S.
aureus

 

 was prelysed in 250 

 

m

 

l Tris-EDTA buffer (10 m

 

M

 

 Tris,
1 m

 

M

 

 EDTA, pH 8·0; Merck Darmstadt, Germany) containing
0·01 U/

 

m

 

l lysostaphin (Merck) for 5 min at 37

 

∞

 

C. Bacteria were
then lysed in lysis buffer (8·32 

 

M

 

 guanidinium-isothiocyanate,
Fluka BioChemika, Deisenhofen, Germany; 0·1 

 

M

 

 Tris pH 6·4,
0·2 

 

M

 

 EDTA, Merck; 2·6 g Triton X-100, Sigma, Zwijndrecht, the
Netherlands) and DNA allowed to bind to Celite matrix (Sigma)
(10 g in 32% w/v HCl) for 10 min at room temperature. The sus-
pension was centrifuged briefly and the supernatants were dis-
carded. The pellets were washed twice with 500 ml 70% ethanol,
once with 500 

 

m

 

l acetone and dried at 37

 

∞

 

C. The pellets were
resuspended in 150 

 

m

 

l Tris-EDTA buffer and DNA was eluted
from the matrix by incubating for 10 min at 56

 

∞

 

C. The quality and
quantity of the isolated DNA were assessed by gel electrophoresis
on a 1% agarose gel (Eurogentec, Seraing, Belgium), using a
serial dilution of lambda DNA (Amersham Pharmacia, Freiburg,
Germany) as a reference. DNA imaging was perfomed on an
Image Master digital camera (Pharmacia).

 

Detection of SAg genes by multiplex polymerase chain 
reaction (PCR)

 

We established a multiplex PCR that allows the simultaneous
detection of 2–3 SAg genes. Three separate PCR reactions were
carried out for each strain. In these reactions, SEA, SEC and
TSST-1, stapylococcal enterotoxin D (SED) and stapylococcal
enterotoxin E (SEE) and, finally, staphylococcal enterotoxin
B (SEB) and ETA can be detected simultaneously (Fig. 1). Oli-
gonucleotide primer sequences for the staphylococcal SAg

SEA, SEB, SEC, SED, SEE, TSST-1 and ETA have been
described previously [20] and were from Life Technologies
(Paisley, UK). PCR was carried out in a volume of 25 

 

m

 

l
(0·58 m

 

M

 

 dNTPs, Pharmacia; 21% Super-Taq reaction buffer;
2·5 U SuperTaq (Ambion, Austin, USA), 0·025 m

 

M

 

 MgCl

 

2

 

,
Merck; 25 pmol SEA primers, 12·5 pmol SEB primers, 75 pmol
SED primers, 50 pmol SEC, SEE, TSST-1 and ETA primers,
10 pmol 

 

nuc-a

 

 primers, 50 ng DNA). The amplification protocol
consisted of one preamplification cycle (5 min 94

 

∞

 

C, 3 min 45

 

∞

 

C,
3 min 72

 

∞

 

C) followed by two cycles (10 s 94

 

∞

 

C, 15 s 45

 

∞

 

C, 30 s
72

 

∞

 

C) and 37 cycles (10 s 94

 

∞

 

C, 15 s 55

 

∞

 

C, 30 s 72

 

∞

 

C). PCR
products were detected on an agarose gel as described above.
The 100-bp ladder (Roche, Mannheim, Germany) was used as a
reference for amplicon size.

 

Statistical analyses

 

Mann–Whitney’s 

 

U

 

-test, Fisher’s 

 

R

 

 to 

 

Z

 

 transformation and exact
test, Spearman’s rank test and 

 

c

 

2

 

 analyses were performed using
GraphPad Prism software (GraphPad Software, CA, USA). Two-
tailed 

 

P

 

-values lower than 0·05 were considered significant. To

 

Fig. 1.

 

Typing of staphylococcal SAg by multiplex PCR. Seven staphylo-
coccal SAg genes (SEA-SEE, TSST-1 and ETA) can be typed in three
separate reactions using this multiplex PCR protocol. Typing of the genes
makes use of the fact that the SAg-specific primers yield different ampli-
con sizes. Thus, SEA, SEC and TSST-1 (lane 2), SED and SEE (lane 3)
and SEB and ETA (lane 4) can be detected in the same reaction. Addi-
tionally, the 

 

S. aureus

 

 specific nuclease-a gene was co-amplified in order
to confirm the strain species. To illustrate the method, total DNA from 

 

S.
aureus

 

 strains carrying one of the genes encoding for the SAg SEA-SEE,
TSST-1 or ETA, respectively, were mixed, thus creating an artificial posi-
tive control. The100 base pair ladder was used as a size marker.
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determine T cell expansions we calculated the mean 

 

+

 

 3 s.d. of the
corresponding subset in healthy controls, after omitting values
that were outside the normal distribution. In patients, T cell
expansions were defined as a percentage of cells of the respective
subset that exceeded the mean 

 

+

 

 3 s.d. of the control group. As the
control group of the cross-sectional study was not identical to that
of the longitudinal study, normal (reference) values were calcu-
lated separately for the two studies.

 

RESULTS

 

Cross-sectional study

 

Our first aim was to determine whether WG patients enrolled in
the cross-sectional study carried 

 

S. aureus

 

 at the time of inclusion.
Of the 36 WG patients enrolled, 11 (30%) were 

 

S. aureus

 

-positive.
Eight of these patients were receiving maintenance antibiotic
treatment with either cotrimoxazole or mupirocin. Three of 11
patients with 

 

S. aureus

 

 received low dose immunosuppressive
treatment. Two patients with 

 

S. aureus

 

 also had active disease. All
isolated 

 

S. aureus

 

 strains were coagulase-positive, DNase-positive
(as confirmed by conventional microbiological tests) and
nuclease-a positive (as confirmed by PCR, Fig. 1).

Five of the 11 

 

S. aureus

 

 strains carried a SAg gene, as deter-
mined by multiplex PCR (Fig. 1). Two strains could not be typed
due to failure to preserve the strains. Three 

 

S. aureus

 

 strains car-
ried an SEA gene, two strains carried an ETA gene and four
strains were negative for SAg genes. All patients who were SAg-
positive were receiving maintenance antibiotic treatment. One of
these patients (no. 30) was enrolled during active disease.

In the following step we assessed whether expansions of T cell
subsets expressing SAg-binding TCR V

 

b

 

 chains were present in
this group of patients. Twelve of the 36 WG patients included had
at least one T cell expansion, compared to 1/21 healthy controls
(

 

P

 

 

 

=

 

 0·01). Eight expansions were detected in CD4

 

+

 

 T cells and
eight expansions in CD8

 

+

 

 T cells. Expansions were observed in all
four V

 

b

 

 subsets, except for CD8/BV2S1, and did not occur pref-
erentially in one of the subsets. There was no correlation between
the occurrence of T cell expansions and either disease activity,
immunosuppressive or antibiotic medication, or age.

Finally, we investigated whether the presence of 

 

S. aureus

 

and SAg in these patients was associated with the concomitant

occurrence of T cell expansions. Two of 11 patients with 

 

S. aureus

 

and 10/25 patients without 

 

S. aureus

 

 had a T cell expansion
(

 

P

 

 

 

=

 

 0·187).
The SAg SEA and ETA, which were present in 5/11 patients

carrying 

 

S. aureus

 

, can induce expansions of BV5S3 and BV2S1-
expressing T cells, respectively. However, none of the patients car-
rying these SAg had an expansion of one of these two or other T
cell subsets. As mentioned, we did find T cell expansions in
patients without 

 

S. aureus

 

. Typical SAg-induced T cell expansions
are substantial and present in both CD4 and CD8 T cells, as SAg-
activation is independent of MHC type [8,9]. We occasionally
observed twofold or higher expansions (Fig. 2); surprisingly, how-
ever, these were mainly present in the BV21S3 (control) subset.
Expansions were never present simultaneously in both CD4

 

+

 

 and
CD8

 

+

 

 T cells.

 

Longitudinal study

 

Bacterial carriage is a dynamic process that depends on the
immune status of the individual, exposure to environmental fac-
tors, medication, etc. Similarly, the composition of the T cell rep-
ertoire of an individual is subject to changes due to
immunostimulatory or -inhibitory factors. Therefore, we con-
ducted a second, longitudinal study, in which we followed 

 

S.
aureus

 

 and SAg carriage in relation to T cell expansions in time.
Nine of 10 WG patients carried 

 

S. aureus at least at one time-
point of assessment. In four of these nine patients (nos 3, 5, 9, 10)
we found S. aureus at all three time-points, in four patients (nos 1,
2, 4, 7) S. aureus was present at two time-points and in one patient
(no. 6) at only one time-point of assessment (Table 2a). One of
the intermittent carriers (no. 2) was receiving maintenance cotri-
moxazole treatment for the duration of the study. Three patients
were receiving low dose immunosuppressive treatment at one
time-point of assessment, which also coincided with S. aureus
carriage.

SAg genes were detected in five of nine patients with S.
aureus. The genes for SEA, SEB, SEC and TSST-1 were found,
whereas the ETA gene was not present in any of the S. aureus
strains analysed in the longitudinal study (Table 2a,b).

SAg genes were present in two of the four chronic S. aureus car-
riers (nos 9 and 10). Interestingly, whereas in patient no. 9 we found
the same SAg (SEC) at all three time-points, patient no. 10 carried

Fig. 2. Expansions of T cell subsets expressing SAg-binding Vb chains. Percentages of T cells expressing SAg-binding TCR Vb chains were
determined by flow cytometry. Closed symbols denote measurements in the CD4 T cell subset, open symbols denote measurements in the
CD8 T cell subset. Horizontal lines represent the threshold for expansions, determined for the group of healthy controls.
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Table 2a. S. aureus and SAg carriage in WG patients in relation to Vb expansion in a longitudinal study: CD4 subset

Pat Time-point S.a. SAg BV2 BV5/1 BV5/3 BV8 BV9 BV11 BV12 BV13 BV16 BV17 BV21 BV23

1 1 + – 6·8 5·4 1·2 5·3 0·7 0·3 6·6 0·0 1·8 6·9 2·2 0·8
2 + n.d. 5·8 4·6 0·5 4·5 0·0 0·6 4·8 0·9 0·7 6·0 1·5 0·5
3 – 5·6 4·3 0·7 5·0 6·5 0·3 4·0 0·4 0·8 6·7 0·2 7·3

2a 1 + SEB 7·5 2·7 0·6 3·3 0·2 0·4 1·3 0·2 0·9 3·2 1·6 0·3
2 – 7·6 2·6 0·5 3·0 n.d. 0·5 1·0 2·8 0·8 2·9 1·5 0·3
3 + – 6·2 2·3 0·4 2·9 2·5 0·7 0·8 4·6 1·0 2·7 1·3 0·4

3a 1 + – 7·8 11·5 2·5 3·6 0·6 1·2 2·6 5·0 1·8 4·2 2·5 2·4
2 + – 6·9 7·1 1·1 5·0 0·4 n.d 1·4 1·1 0·6 5·3 1·8 0·3
3 + – 8·0 6·3 0·9 5·4 0·8 0·4 2·4 0·3 1·2 3·1 0·3 0·4

4 1 + SEC 8·1 4·1 4·8 4·3 0·2 0·6 5·9 4·7 1·4 3·9 0·2 0·6
2 + SEC 8·5 6·0 4·4 4·4 2·3 0·5 4·2 5·0 1·0 4·8 2·4 0·3
3 – 8·5 5·5 4·3 4·0 0·4 0·0 4·6 0·3 1·3 5·3 2·0 0·5

5 1 + – 11·3 5·2 0·5 3·4 2·2 0·4 1·9 0·1 1·0 6·0 0·0 12·2
2 + – 12·5 5·3 0·9 4·0 1·9 0·8 2·1 2·1 1·0 3·7 0·0 0·5
3 + – 11·5 4·5 1·3 3·3 0·5 0·4 2·2 0·0 1·0 6·5 2·9 0·5

6 1 – 3·9 5·2 1·3 4·0 1·4 0·9 2·1 1·0 1·1 5·4 3·2 1·8
2 – nd 0·7 0·1 3·3 0·1 0·0 0·2 0·1 0·4 5·0 1·0 0·0
3 + A,T 7·8 7·8 1·0 4·4 2·3 0·9 1·7 0·7 1·1 5·9 1·6 1·0

7 1 + – 8·7 7·5 1·0 7·0 0·5 0·5 2·3 0·0 0·9 7·3 2·2 0·2
2 + n.d. 9·4 6·4 0·8 6·6 1·1 0·9 2·7 0·7 1·9 6·0 3·5 0·3
3 – 8·0 1·6 1·5 7·8 0·0 0·2 2·9 0·6 0·5 6·6 0·0 0·1

8 1 – 8·8 3·9 1·1 2·1 0·4 0·7 2·0 0·2 1·2 5·8 3·5 0·6
2 – 7·8 7·3 0·7 3·6 0·0 0·2 1·9 0·2 0·3 0·1 0·1 0·5
3 – 8·7 6·1 1·2 3·9 2·4 0·7 1·7 1·3 1·3 5·9 0·0 0·4

9 1 + SEC 10·0 7·3 1·5 5·4 0·9 1·0 2·2 2·6 1·5 3·7 2·3 0·5
2 + SEC 10·3 6·0 1·3 5·6 0·1 0·7 0·1 0·2 1·6 4·8 2·5 0·0
3 + SEC 9·0 6·8 1·0 5·2 3·2 0·3 1·5 0·0 1·0 4·7 0·0 9·7

10 1 + – 8·8 9·8 1·2 4·2 4·2 0·4 1·9 2·6 0·7 5·2 2·3 0·2
2 + A, B 4·4 4·8 1·4 3·2 2·0 0·0 1·1 0·2 1·4 3·5 0·9 0·3
3 + – 8·5 7·2 1·5 4·6 0·1 0·3 2·5 0·2 0·9 2·7 0·2 0·8

The three time-points of assessment are listed in chronological sequence. Bold type denotes T cell expansions. Underlined numbers indicate expansions
that correspond to the SAg present at that moment. Abbreviations: S.a., S. aureus; n.d., not done, A, SEA; B, SEB; T, TSST-1. (a) CD4 subset. (b) CD8
subset.

aCotrimoxazole.

There was no distinct pattern in the behaviour of T cell expan-
sions in time. Whereas in some patients expansions persisted for
several months (no. 1, CD4/BV12S2, no. 4, CD4/BV5S3 and
BV12S2, no. 5, CD8/BV8S1), in other patients expansions were
seen at only one or two time-points (Table 2a,b). There was no
correlation between the presence of T cell expansions and immu-
nosuppressive or antibiotic medication.

In order to investigate the relation between T cell expan-
sions and S. aureus carriage we compared the sum of T cell
expansions occurring in the presence of S. aureus with the sum
of T cell expansions occurring in the absence of S. aureus. At
time-points when S. aureus was present in WG patients, T cell
expansions were detected in 35/436 measurements. In the
absence of S. aureus, T cell expansions were detected in 14/222
measurements (P = 0·531). In healthy controls the presence of T
cell expansions did not correlate with the presence of S. aureus
(not shown).

As mentioned, in the longitudinal study we detected the SAg
SEA (which can bind to BV5S3, BV9S1 and BV16S1), SEB
(BV12S2, BV17S1), SEC (BV12S2, BV17S1) and TSST-1

a SAg-positive strain only once (SEA, SEB), which suggests
strongly that a switch of bacterial strains had taken place during
chronic carriage (Table 2a,b). We observed the same phenomenon
in one intermittent carrier of S. aureus (no. 2), who was also an
intermittent SAg carrier. This patient was receiving maintenance
treatment with cotrimoxazole. A group of eight healthy individuals
were included in this study. Three of these were chronic S. aureus
and SAg carriers. In contrast to the shifting pattern of S. aureus and
SAg carriage in WG patients, the pattern of SAg carriage in control
individuals was stable in time (not shown).

In order to determine whether WG patients had more T cell
expansions than healthy individuals, we compared the frequency
of expansions detected among all measurements in the two
groups. In the CD4+ T cell subset there were 19 expansions among
357 measurements, compared to 4/285 expansions in healthy con-
trols (P < 0·0001). In the CD8+ subset we found 19/350 expansions
in WG patients and 4/284 expansions in healthy controls
(P = 0·009). Expansions of BV2S1 and BV17S1 were not found
(Table 2a,b). There was no preferential accumulation of expan-
sions in one of the other T cell subsets.
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Table 2b. S. aureus and SAg carriage in WG patients in relation to Vb expansion in a longitudinal study: CD8 subset

Pat Time-point S.a. SAg BV2 BV5/1 BV5/3 BV8 BV9 BV11 BV12 BV13 BV16 BV17 BV21 BV23

1 1 + – 2·6 1·2 0·8 3·3 0·4 0·2 1·4 0·2 0·3 3·3 1·6 0·5
2 + n.d. 1·6 2·3 0·1 3·4 0·1 0·1 0·8 0·1 0·3 3·4 1·7 0·5
3 – 2·8 2·2 0·4 2·2 1·9 0·0 1·6 0·2 0·4 4·5 0·2 3·5

2 1 + SEB 11·8 1·2 0·2 3·2 0·3 0·4 0·4 2·5 2·4 1·2 0·4 1·2
2 – 11·7 1·8 0·2 3·5 n.d. 0·1 0·7 5·3 1·1 1·1 0·8 1·0
3 + – 11·7 1·6 0·1 1·9 2·9 0·8 0·2 4·7 1·9 0·9 1·00 1·0

3 1 + – 3·0 2·2 1·4 5·2 0·0 1·0 1·3 0·3 0·7 2·6 0·6 3·5
2 + – 2·5 0·7 2·3 6·4 0·5 0·0 0·8 n.d. 0·3 1·5 n.d. n.d.
3 + – 6·6 1·5 0·8 6·8 0·4 0·1 0·6 0·2 0·5 1·6 0·1 1·6

4 1 + SEC 5·1 3·2 1·2 1·7 0·1 0·1 0·7 2·7 0·6 2·9 n.d. n.d.
2 + SEC 5·6 2·8 0·8 1·8 1·0 0·3 0·8 2·7 0·6 2·6 9·5 1·4
3 – 6·2 3·2 1·3 2·0 0·0 0·1 0·6 0·3 0·4 3·3 8·2 1·6

5 1 + – 4·7 1·5 0·7 11·2 2·0 0·1 1·1 0·3 0·5 8·3 0·1 5·1
2 + – 4·7 1·6 0·8 11·2 1·2 0·6 0·7 0·9 1·4 8·2 0·3 0·8
3 + – 5·7 1·9 0·7 12·9 0·1 0·3 1·0 0·4 0·3 7·9 9·3 1·5

6 1 – 9·6 3·6 0·4 4·4 2·6 0·4 5·5 0·2 0·8 2·4 0·6 1·3
2 – 5·0 2·3 1·8 5·7 1·4 1·0 1·5 1·6 1·4 4·3 2·8 2·3
3 + A,T 3·7 2·1 0·4 1·1 1·3 0·2 1·6 0·3 0·7 4·0 1·5 2·7

7 1 + – 2·8 1·7 0·4 3·1 0·2 0·3 0·5 0·1 1·0 3·4 2·2 0·2
2 + n.d. 3·5 0·8 0·1 3·3 0·1 0·0 0·2 n.d. 0·9 3·5 n.d. n.d.
3 – 2·3 0·9 1·1 1·8 0·3 0·1 n.d 0·2 0·5 2·3 0·0 0·1

8 1 – 3·2 0·1 0·6 3·2 0·2 0·0 1·0 2·4 0·6 1·8 1·7 0·1
2 – 3·4 1·4 0·4 1·8 0·1 0·2 0·7 0·1 0·7 0·8 0·1 0·8
3 – 3·3 0·9 0·3 1·5 4·3 0·0 0·9 0·4 1·9 8·0 0·0 1·5

9 1 + SEC 5·3 2·2 3·3 4·3 3·0 1·8 3·0 2·3 3·7 5·9 3·3 1·8
2 + SEC 5·9 2·7 0·1 4·7 0·4 0·9 0·3 0·3 0·8 5·3 2·9 0·4
3 + SEC 5·3 3·1 0·1 4·4 1·3 0·2 3·0 0·0 0·9 5·1 0·0 5·1

10 1 + – 9·7 2·6 0·9 4·4 3·5 0·1 1·6 0·3 0·2 5·9 3·1 2·5
2 + A, B 3·5 6·6 1·6 2·7 1·7 0·4 1·0 0·1 0·6 2·8 1·4 0·6
3 + – 5·2 2·9 1·1 4·2 0·0 0·3 1·8 0·1 0·8 2·7 0·1 2·1

The percentages of T cells expressing the SAg-binding TCR V b
 chains BV2S1 (binding TSST-1, ETA), BV5S3 (binding SEA), BV17S1 (binding SEB, SEC) and the control BV21S3 were assessed separately for the 

CD4 and CD8 T cell subsets. Bold type denotes expansions. Abbreviations: S. a., S. aureus; n.d., not done.

(BV2S1). In only one patient was there a T cell expansion corre-
sponding to the simultaneously present SAg gene (no. 4, SEC and
CD4/BV12S2). However, in this patient there was no BV12S2
expansion present in the CD8 T cell subset, arguing against the
induction of this expansion by the SAg SEC. Moreover, beside
BV12S2, SEC is also able to bind and activate T cells expressing
BV17S1. If T cell activation in this patient were truly induced by
SEC, expansion of BV17S1 should also have been present [15].
This, however, was not the case (Table 2a,b). With the exception
of patient no. 4, there were no further correlations between SAg
genes and corresponding T cell expansions present at the same
time-point.

DISCUSSION

In the present study we showed that in WG there is no association
between the presence of staphylococcal SAg genes and expan-
sions of peripheral blood T cell subsets expressing SAg-specific
TCR Vb chains.

Considerable effort has been invested in elucidating the
mechanisms leading to vascular damage in WG. Autoantibodies
with specificity for proteinase 3 or myeloperoxidase (ANCA) are
key players in the development of the disease and their patho-
physiological role has been studied extensively [21,22]. The
production of autoantibodies is the result of an immune response,
in which, classically (auto)antigen-specific B cells, T cells and the
(auto)antigen are involved. An alternative scenario for the induc-
tion of autoimmunity has been put forward by Friedman and col-
leagues, who proposed that SAg-mediated B- and T cell activation
could take place in a T cell antigen-independent manner [23]. In
this scenario, SAg bridge MHC II molecules on autospecific B
cells and TCR Vb chains on T cells, thereby leading to B cell acti-
vation and autoantibody production. Since SAg are specific for
conserved regions of the TCR Vb chain shared by different mem-
bers of a Vb family, larger numbers of T cells expressing SAg-
binding TCR Vb chains can be recruited for the activation of
autospecific B cells, independent of their autoantigen specificity.
Indeed, He et al. have shown the ability of SED to drive produc-
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tion of rheumatoid factor by B cells [24]. Building on this sce-
nario, we have previously postulated that in WG, in the presence
of SAg-carrying S. aureus and the autoantigens proteinase 3 or
myeloperoxidase, T cells expressing SAg-binding TCR Vb chains
may deliver co-stimulatory signals to autospecific B cells [10]. Our
postulate was supported by the finding that a significantly
increased number of activated T cells were present in WG
patients, suggesting chronic activation by a persisting stimulus
[10]. This stimulus could probably be staphylococcal SAg.

A consequence of SAg-mediated activation is the expansion
of SAg-binding T cells. Among the vasculitides, Kawasaki dis-
ease is associated with expansions of BV2S1-expressing T cells,
which can bind staphylococcal TSST-1 [25,26]. S. aureus car-
riage has been reported in this form of vasculitis [27] and in one
study in two patients with Kawasaki disease the simultaneous
presence of BV2S1 expansions and TSST-1 was demonstrated
[28]. In WG, three reports documented T cell expansions of
various Vb families [29–31]. Except for the study in Kawasaki
disease [28], however, none of the studies investigating SAg-
mediated T cell activation in autoimmune diseases have associ-
ated the presence of expansions of T cell subsets expressing
SAg-binding TCR Vb chains with the simultaneous presence of
the corresponding SAg. This was the goal of our present studies
in WG patients.

Overall, we found SAg genes in 13/30 S. aureus strains. SEA
and SEC were present most frequently (in 38·5% and 46% of all
strains, respectively). In patients followed longitudinally, the pat-
tern of SAg carriage was not always stable in time. There are two
possible explanations for this finding. First, the location of SAg
genes in the bacterial genome may determine whether this gene
can be acquired or lost. The genes for the SAg SEA and SEE, for
example, are situated on bacteriophages, which are not perma-
nent components of the bacterial genome [32,33]. In patient 10 we
observed a switch from an S. aureus strain harbouring no SAg
gene to a strain carrying SEA and SEB genes. In this case, the
acquisition of the SEA gene may have taken place via a bacte-
riophage. However, the gene encoding SEB, which was detected
in the same strain, is located on the bacterial chromosome [34].
Therefore, a second possibility explaining strain switch could be
considered. According to this possibility, the previous, SAg-
negative may have been lost and replaced by a new, SAg-positive
strain. This possibility is exemplified by patient no. 2, who carried
a SEB-positive S. aureus at the first assessment and a SAg-
negative S. aureus at the last assessment. Whether strain switch is
enhanced by antibiotic or immunosuppressive treatment or is due
to the acquisition of a new, dominant, S. aureus strain cannot be
answered by this study. In the cohort of patients followed in the
longitudinal study, neither acquisition of S. aureus, nor acquisition
of or switch to a SAg-positive strain was associated with changes
in disease activity. However, because the incidence of S. aureus-
and SAg-carriage was low, it may be worthwhile to investigate the
relation between SAg-carriage and disease (re)activation in a
more extensive study. Interestingly, assessment of the diversity of
S. aureus strains within one patient at a given time-point showed
that by genetic fingerprinting of 10 random S. aureus colonies
from the primary culture, all colonies were identical (E. Popa,
unpublished observation). This suggests that a dominant S. aureus
colony is established and that the chance of missing SAg by ran-
dom picking of just one staphylococcal colony is low.

Our hypothesis that the presence of expansions of T cells
expressing SAg-binding Vb chains is associated with the presence

of the corresponding SAg was not confirmed. While in both stud-
ies we found a significantly higher incidence of T cell expansions
in WG patients than in healthy individuals, T cell expansions were
associated with the presence of SAg in only one patient. Classi-
cally, T cell activation by SAg should be accompanied by expan-
sion of activated T cells, occurring in both CD4 and CD8 subsets
[35,36]. In our studies T cell expansions were modest and did not
simultaneously appear in CD4 and CD8 T cells.

The question arises, why the presence of SAg genes is not
associated with the expansion of the corresponding, SAg-
responsive peripheral T cells. One possibility may be that the car-
riage of a SAg gene is not necessarily followed by the production
of the SAg protein. In vitro it has been shown that carriage of SAg
genes is associated with SAg production [20]. Whether this also
occurs in vivo we cannot determine, as we did not investigate
serum levels of SAg in our patients. Because SAg have been
detected in the circulation only in severe cases of toxic shock [37],
it may be difficult to detect these molecules in quiescent patients.
A further possibility might be that, although produced, SAg could
not reach the blood circulation or the lymphatics. Von Eiff et al.
showed recently that in patients with bacteraemia S. aureus colo-
nizing the nares could reach the bloodstream [38]. However, it
could be speculated that in the absence of nasal lesions SAg can-
not gain access to immunocompetent cells. Furthermore, it is pos-
sible that even though produced, SAg molecules would be
scavenged by SAg-specific antibodies. In this line, antibody
responses to various staphylococcal SAg have been detected in
the serum of patients with toxic shock syndrome [39–41], rheu-
matoid arthritis [42], but also healthy nasal carriers of S. aureus
[43]. According to a scenario proposed by Schiffenbauer et al. [44]
it is also possible that, even though activated by SAg and having
undergone expansion, T cells may have homed to sites containing
the antigen for which these cells are specific. The nares, in which
both the autoantigen proteinase 3 (secreted by neutrophils) and
bacterial antigens are present, could be such a site. Finally, it may
be argued that low dose of immunosuppressives, when present,
may have affected T cell skewing. In our experience (E. R. Popa,
unpublished results), however, dosages of <50 mg/day cyclophos-
phamide, <100 mg/day azathioprin or <7·5 mg/day prednisolone,
did not affect T cell activation, as measured by the expression of
activation marker CD25.

Because T cell expansions were not associated with the pres-
ence of SAg, the reason for these expansions remains obscure.
Stimulation of T cells by staphylococcal SAg that were not inves-
tigated in this study, such as SEG, SEH, SEI, or by as yet undis-
covered SAg, might be a possibility, as in this study we focused
on SAg that were known previously to be present frequently in
WG patients. Moreover, subclinical infections with viruses or
bacteria as well as stimulation by (auto)antigens may explain
changes in the T cell repertoire. Detailed functional and pheno-
typic investigation of these small populations of skewed T cells
would be needed in order to determine their significance for the
disease.

One of the questions of interest remains how S. aureus
affects the course of disease in WG. As mentioned previously, S.
aureus constitutes a risk factor for disease exacerbation in WG
[7,12]. Our original hypothesis stated that staphylococcal SAg
might indirectly induce ANCA production (see above). To test
this hypothesis, information about the onset of SAg presence in
a patient is essential, since (auto)antibody production occurs
within a limited time interval after introduction of the SAg in
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the host. Unfortunately, in the present study the time-point of
first presence of SAg in the included patients was unknown and
thus correlation between SAg and ANCA titres was not possi-
ble. In the future, a prospective study aiming at identifying the
onset of SAg-positive S. aureus carriage in WG patients, fol-
lowed by prospective quantitative assessment of serum ANCA
levels will be able to test this hypothesis. The present study sug-
gests that the influence of this bacterium on the disease is not
effected by the most plausible staphylococcal immune modula-
tors, SAg. Other staphylococcal immune modulators have
received little attention yet or are currently under investigation.
Staphylococcal protein A, for example, which is known as a
potent stimulator of a subset of B cells [44], may affect produc-
tion of autoantibodies. Staphylococcal acid phosphatase has
been described previously as a molecule with immunostimula-
tory capacity [46,47] and is currently under investigation in our
group as a pathogen in WG. Obviously, multiple mechanisms
that may lead to staphylococcal pathogenicity still need to be
investigated. In WG, which is probably a multi-factorial disease,
special emphasis will need to be placed on the interplay of S.
aureus and other components of the immune system and its
impact on disease activation.
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