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Abstract
Background—Lack of CD28 expression on
peripheral blood CD4+ and CD8+ T cells
has been reported in patients with Wegen-
er’s granulomatosis (WG), suggesting a
pathogenetic role of CD28– T cells in WG.
Methods—Ten patients with WG and six
with sarcoidosis (disease control) were
analysed. Fluorescence activated cell
sorter (FACS) analysis was used to detect
CD28 expression on T cells from peri-
pheral venous blood and from broncho-
alveolar lavage (BAL) fluid. T cells in
biopsy specimens from granulomatous
lesions of the upper respiratory tract were
analysed for CD28 expression by double
immunofluorescence staining.
Results—A significantly higher fraction
of CD28– T cells was found in the CD4+
and CD8+ T cell compartment in BAL
fluid (65.6 (5.4)% and 76.3 (4.1)%, respec-
tively) than in blood (13.4 (6.2)% and 42.9
(6.2)%; p<0.001) in patients with WG but
not in those with acute sarcoidosis (6.7
(2.2)% and 53.4 (7.3)% in BAL fluid v 4.1
(2.5)% and 52.0 (9.4)% in blood). The total
number of CD4+/CD28– T cells but not of
CD8+/CD28– T cells was also significantly
higher in BAL fluid than in blood in
patients with WG (p<0.05). Patients with
WG had a significantly higher fraction of
CD28– T cells in the CD4+ and CD8+ T
cell compartment in BAL fluid than
patients with acute sarcoidosis (65.6
(5.4)% v 6.7 (2.2)%; p<0.001; and 76.3
(4.1)% v 53.4 (7.3)%; p<0.05). The total
number of CD4+/CD28– and CD8+/
CD28– T cells was also significantly
higher in patients with WG than in those
with sarcoidosis (p<0.01). An abundance
of CD28– T cells was found in granulo-
matous lesions by double immunofluores-
cence staining in patients with WG.
Conclusions—Our data indicate enrich-
ment of CD28– T cells in BAL fluid and
suggest recruitment of CD28– T cells into
granulomatous lesions in WG. Further
analysis of the phenotype and function of
T cell subsets in WG is needed to better
understand leucocyte homing in WG and
to find new therapeutic targets.
(Thorax 2001;56:751–757)
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Several recent reports have supported the
concept that T cells play an important role in
Wegener’s granulomatosis (WG).1 Moreover,
recruitment of specialised functional T cell
subsets into areas of inflammation has recently
been reported in animal models and some
human diseases.2 3 Granulomatous lesions in
WG are made up of CD4+ T cells, monocyte
derived tissue macrophages, giant cells, and
neutrophils. An increased production and
release of interferon (IFN)-ã by activated
CD4+ T cells from granulomatous lesions of
the respiratory tract and peripheral blood
characterises a predominantly Th1-like re-
sponse in WG.4–6 High numbers of IFN-ã
staining cells and CD4+/CD26+ (CD26 is an
optional Th1 marker) double positive T cells
are seen in granulomatous lesions of the upper
respiratory tract in patients with WG.7 Lack of
CD28 expression on peripheral blood CD4+
and CD8+ T cells has been reported in WG.8–10

Expansion of the CD28– T cell fraction corre-
lates with a high cumulative number of
involved organs—that is, a high disease exten-
sion index (DEI),8 suggesting a pathogenetic
role of the CD28– fraction of CD4+ and
CD8+ T cells in WG.

The present study was designed to investi-
gate whether CD4+/CD28– and CD8+/
CD28– T cells are enriched in granulomatous
lesions of the respiratory tract in WG. Pheno-
typic characterisation of T cells homing into
granulomatous lesions in WG would improve
our understanding of the pathogenesis. Subse-
quent studies could address the functional role
of T cells homing into granulomatous lesions
in WG. Tissue homing T cell subsets may
become targets of better directed, less toxic
future treatments. Lack of animal models
ideally reflecting WG has prevented in vivo
studies on lymphocyte homing in this condi-
tion to date.

We analysed CD28 surface expression of T
cells from peripheral venous blood, broncho-
alveolar lavage (BAL) fluid, and in biopsy
specimens from the upper respiratory tract.
Lack of CD28 expression on T cells found in
BAL fluid and in granulomatous lesions may
suggest recruitment of these cells from blood to
sites of inflammation in WG. Patients with
acute sarcoidosis served as disease controls in
order to identify potential diVerences in the
recruitment of this T cell subset between these
two granulomatous diseases. As granuloma-
tous diseases may be found in the presence of
Th1 as well as Th2 responses, acute sarcoido-
sis was chosen as the disease control because it
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is a granulomatous disease with a predomi-
nantly Th1-like response similar to the cyto-
kine response found in WG.11 Despite similari-
ties in the cytokine response in WG and acute
sarcoidosis, the natural course, response to
treatment and outcome suggest that there are
fundamental diVerences between the diseases
which may be related to diVerences in the
nature of the cells recruited into the inflamma-
tory lesions.12

Methods
CHARACTERISTICS OF STUDY POPULATION

Ten patients with WG were studied, all of
whom met the criteria of the American College
of Rheumatology13 and the Chapel Hill Con-
sensus Conference definition for WG.14 The
disease extension and vasculitis activity were
described by the DEI and Birmingham vascu-
litis activity score (BVAS) as outlined else-
where.15 16 In brief, the DEI is the equivalent of
current organ involvement in WG,15 whereas
the BVAS considers clinical features and labo-
ratory data to give a measure of vasculitis
activity.16 Partial remission of WG was defined
as improvement in vasculitis activity, although
clinical or serological signs of inflammation
were still detectable. Respiratory tract involve-
ment was diagnosed when pulmonary infil-
trates were seen on the chest radiograph, an
increase in neutrophils and/or lymphocytes was
found in the BAL fluid, and transbronchial
biopsy specimens and/or biopsy specimens
from the nasal mucosa supported the diagno-
sis.

Six patients with acute sarcoidosis served as
disease controls. The term “acute” sarcoidosis
refers to the rapid onset of disease. Löfgren’s
syndrome is one well known form of acute sar-
coidosis with a classical triad of active disease
manifestations (bilateral hilar lymphadenopa-
thy (BHL), oligoarthritis, and erythema nodo-
sum). Chronic sarcoidosis is the insidious form
of the disease in which a Th2 cytokine pattern
may be seen.11 Patients with chronic sarcoidosis
were not therefore used as disease controls.
The diagnosis of sarcoidosis was based on
clinical symptoms such as new or progressive
dyspnoea, cough, active uveitis, new radio-
graphic abnormalities on the chest radiograph,
an increase in lymphocytes in BAL fluid with
an increased CD4/CD8 ratio of lymphocytes
and raised levels of serum angiotensin convert-
ing enzyme. The diagnosis was supported by
transbronchial lung biopsy specimens and
biopsy specimens from other aVected organs,
in line with recently published guidelines.17

The fraction of CD28– T cells in blood was
also determined in 15 healthy controls for
comparison. The erythrocyte sedimentation
rate (ESR, normal range <10 mm/h), C
reactive protein (CRP, <5 mg/l), complete
blood count (including leucocytes: 4–10 × 103/
mm3, thrombocytes 150–300 × 103/mm3), and
serum creatinine levels (6–12 mg/l) were rou-
tinely determined. Normal values for other
routinely determined parameters are: CD4/
CD8 ratio in blood, 0.6–3.2; BAL fluid leuco-
cyte count, <20 × 106; BAL fluid lymphocyte

count, <15%, <3 × 106; CD4/CD8 ratio in
BAL fluid, 1–3. All patients provided written
informed consent.

BRONCHOSCOPY AND BAL CELL PREPARATION

Fibreoptic bronchoscopy was performed as
described previously.18 In brief, local anaesthe-
sia with lidocaine and premedication with
atropine and pethidine were given prior to the
procedure. BAL was preferentially performed
in radiographical abnormal lung segments in
the patients with WG and in the middle lobe or
the lingula in patients with sarcoidosis. Twelve
fractions of 20 ml sterile saline 0.9% were
instilled and aspirated in a single segment. The
fluid recovery was at least 60% and all materi-
als were placed immediately on ice. The first
two fractions were separated and the third to
12th fractions were pooled and further ana-
lysed. Aliquots of the material were routinely
examined for conventional bacterial patho-
gens, acid fast bacteria, Legionella species,
Chlamydia species, Mycoplasma species, and
Pneumocystis carinii. Any infected material was
omitted from further study.

The lavage material was filtered through
surgical gauze and centrifuged at 4°C. The cell
pellet was resuspended in RPMI 1640 medium
(GIBCO, Eggenstein, Germany) containing
0.01% human serum albumin (Sigma,
München, Germany) to a density of 106

cells/ml.

ANTIBODIES, REAGENTS AND FACS

IMMUNOPHENOTYPING

Antibodies for FACS analysis were fluorescein
(FITC) conjugated anti-CD4 and FITC con-
jugated anti-CD8, phycoerythrin (PE) conju-
gated anti-CD28, and peridin-chlorophyll
(PerCP) conjugated anti-CD45 which were
obtained from Becton-Dickinson (Heidelberg,
Germany). FITC conjugated IgG1 and PE
conjugated IgG2a (also from Becton-
Dickinson) were used for negative controls.
Antibodies for immunohistochemistry used in
this study were rabbit anti-CD3 antiserum and
APAAP-complex from Dako (Glostrup, Den-
mark), monoclonal mouse anti-CD28 anti-
body (Biosource International, Nivelles, Bel-
gium), anti-CD8 antibody (clone Leu2a, BD
Biosciences, Heidelberg, Germany), Cy-3 con-
jugated goat anti-mouse IgG, and FITC
conjugated donkey anti-rabbit IgG from Di-
anova (Hamburg, Germany).

Identical double staining protocols were
used for BAL cells and heparinised peripheral
venous blood. 1 × 106 cells per sample were
incubated on ice with previously determined
optimal concentrations of FITC or PE labelled
antibodies for 30 minutes. After staining the
cells were washed and fixed with PBS contain-
ing 1.5% paraformaldehyde. Flow cytometric
analysis was performed using a FACSCalibur
flow cytometer (Becton-Dickinson). Data were
acquired with CELL-QUEST software (Becton-
Dickinson). Lymphocytes were gated for analy-
sis based on light scattering properties and on
CD45 and CD4 or CD8 staining. Data on 1.5
× 103 lymphocytes were collected. Positively
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and negatively stained populations were calcu-
lated by quadrant dot plot analysis determined
by isotype controls.

IMMUNOHISTOLOGY

Nasal biopsy specimens of patients with WG
obtained for diagnostic purposes were sub-
merged in 0.9% NaCl and snap frozen in liquid
nitrogen and stored until use at –80°C.
Cryostat frozen sections were fixed in acetone
for 30 minutes, followed by fixation in chloro-
form for 30 minutes. Incubation with the
primary antibody was performed for 30
minutes and immunostaining was undertaken
according to the APAAP (alkaline phosphatase
anti alkaline phosphatase) method with New
Fuchsin development. Finally, slides were
counterstained with haematoxylin and
mounted. Immunostaining was controlled by
implementing the secondary reagents alone in
order to confirm specificity or enzyme develop-
ment alone to rule out endogenous enzyme
activities. Double immunofluorescence stain-
ing was performed after a blocking step with
10% bovine serum albumin in Tris buVered
saline (TBS, 50 mM Tris-HCl, 150 mM NaCl,
pH 7.5) with the primary antibodies for 30
minutes. After washing in TBS the secondary
antibodies were added and incubated for 30
minutes. Specimens were mounted in DABCO
anti-fading solution (2.5% DABCO (1,4-
diazabicyclo(2,2,2)-octane) in 90% glycerol,
pH 8.6) and viewed under a fluorescence
microscope. Stainings were controlled by using
only the secondary antibodies to detect non-
specific and background fluorescence. Images
were obtained using a Leica TCS SP confocal
microscope (Bensheim, Germany). The single
fluorescence intensities were adjusted using
identically stained tonsillar tissue as a measure.
Subsequent images of patient tissues stained
under the same procedure were acquired using
the same instrument settings as for tonsil
tissue.

STATISTICAL ANALYSIS

Data are expressed as mean (SE). Data
referring to CD4+/CD28– and CD8+/CD28–
T cells indicate the fraction of CD28– cells of
the respective CD4+ and CD8+ T cell subsets
stained for CD28 expression. We also deter-
mined total numbers of leucocytes, lym-
phocytes, CD4+ T cells, CD8+ T cells, CD4/
CD8 ratio, and CD4+/CD28– and CD8+/
CD28– T cells to test the possibility that the
percentage of CD4+/CD28– and CD8+/
CD28– T cells in a compartment (blood, BAL
fluid) may be diVerent in WG and sarcoidosis,
whereas the total number of recruited CD28–
T cells may be similar because of diVerent
CD4/CD8 ratios in blood or BAL fluid in the
two diseases.

The non-parametric Mann-Whitney U test
was used to compare CD4+/CD28– and
CD8+/CD28– T cell populations in patients
with WG and sarcoidosis. p values of <0.05
were considered significant. Spearman rank
order correlation coeYcients were determined
to assess associations of clinical and laboratory

parameters. Analysis was performed applying
SPSS software package.

Results
STUDY POPULATION

Ten patients with WG were studied. One
patient had newly diagnosed WG, seven had
suVered a relapse of their disease, and two were
in partial remission. Thus, eight patients had
active disease and in two patients WG activity
was still not under full control. Immunosup-
pressive therapy was ineVective and was inten-
sified subsequently in the seven patients with
relapse. Not surprisingly, we found a DEI of
4.7 (0.4) and BVAS of 15.1 (1.4), indicating
substantial disease activity. All patients with
WG were c-ANCA positive. Eight patients had
upper and lower respiratory tract involvement;
in two the respiratory tract involvement was
restricted to the lower tract at the time of the
study. Six patients with acute sarcoidosis
served as disease controls. Five patients
presented with classical Löfgren’s syndrome
(BHL, oligoarthritis, and erythema nodosum)
and one had an incomplete Löfgren’s syn-
drome (BHL, oligoarthritis) and heart involve-
ment. Pretreatment consisted of non-steroidal
anti-inflammatory drugs in two patients.

There was no statistically significant diVer-
ence between patients with WG and sarcoido-
sis with regard to disease duration (3.5 (1.1) v
0.8 (0.5) years), ESR (48 (10) v 63 (14) mm/
h), CRP (20 (8) v 51 (16) mg/l), blood leuco-
cyte count (5.9 (0.4) v 6.0 (0.5) × 103/mm3),
blood lymphocyte count (0.9 (0.1) v 1.1 (0.05)
× 103/mm3), CD4/CD8 ratio in blood (1.3
(0.4) v 2.1 (0.3)), BAL fluid leucocyte count
(26.6 (3.8) v 45.4 (12.9) × 106), and BAL fluid
lymphocyte count (7.8 (3.1) v 16.1 (5.1) ×
106). Age (63 (4) v 44 (6) years; p<0.05),
thrombocyte count (263 (21) v 451 (86) × 103/
mm3; p<0.05), creatinine level (15 (3) v 8
(1) mg/l; p<0.05), and CD4/CD8 ratio in BAL
fluid (5.1 (1.7) v 18.8 (6.7); p<0.05) were sig-
nificantly diVerent between patients with WG
and those with sarcoidosis.

To address the question whether treatment
related eVects could influence the phenotype of
T cells, patients with diVerent treatments were
compared. As the number of patients was
small, cyclophosphamide was compared with
other treatments. No statistically significant
diVerences were seen for the aforementioned
laboratory values and the frequencies (percent-
age and absolute numbers) of CD4+/CD28–
and CD8+/CD28– T cells between diVerent
treatment modalities (cyclophosphamide v
methotrexate or azathioprine) in our patients
with WG.

FREQUENCY OF CD4+/CD28– AND CD8+/CD28– T

CELLS IN PERIPHERAL BLOOD AND BAL FLUID IN

WG AND SARCOIDOSIS

The fraction of CD4+/CD28– T cells in
peripheral blood (13.4 (6.2)%) was signifi-
cantly diVerent from the fraction of CD4+/
CD28– T cells in BAL fluid (65.6 (5.4)%) in
patients with WG (p<0.001). The fraction of
CD8+/CD28– T cells in peripheral blood
(42.9 (6.2)%) was also significantly diVerent
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from the fraction of CD8+/CD28– T cells in
BAL fluid (76.3 (4.1)%) in patients with WG
(p<0.01). The total number of CD4+/CD28–
T cells in peripheral blood was also signifi-
cantly diVerent from the number of CD4+/
CD28– T cells in BAL fluid (p<0.01), whereas
the total number of CD8+/CD28– T cells in
peripheral blood was not significantly diVerent
from the number of CD8+/CD28– T cells
(table 1, fig 1).

There was no statistically significant diVer-
ence between the fraction of CD4+/CD28– T
cells (4.1 (2.5)% v 6.7 (2.2)%) and the fraction
of CD8+/CD28– T cells (52.0 (9.4)% v 53.4
(7.3)%) in peripheral blood compared with
BAL fluid in patients with sarcoidosis. The
total numbers of CD4+/CD28– T cells and
CD8+/CD28– T cells in peripheral blood and
BAL fluid were also not significantly diVerent
in this group of patients.

The fraction of CD4+/CD28– T cells and
CD8+/CD28– T cells was 2.1 (1.8)% and 28.5
(6.0)%, respectively, in healthy controls. Thus,
CD4+/CD28– T cells and CD8+/CD28– T
cells were more prevalent in peripheral blood in
patients with WG than in healthy controls
(p<0.05). CD8+/CD28– T cells were also
more prevalent in peripheral blood in patients

with acute sarcoidosis than in healthy controls
(p<0.05), whereas CD4+/CD28– T cells were
not.

COMPARISON OF FREQUENCIES OF CD4+/CD28–
AND CD8+/CD28– T CELLS BETWEEN WG AND

SARCOIDOSIS

In peripheral blood the fraction of CD4+/
CD28– T cells was 13.4 (6.2)% in patients
with WG compared with 4.1 (2.5)% in those
with sarcoidosis, while that of CD8+/CD28– T
cells was 42.9 (6.2)% in patients with WG and
52.0 (9.4)% in patients with sarcoidosis. There
was no statistically significant diVerence be-
tween the percentage of CD4+/CD28– and
CD8+/CD28– T cells in the peripheral blood
of patients with WG and sarcoidosis. Total
numbers of CD4+/CD28– and CD8+/CD28–
T cells in the peripheral blood of patients with
WG and sarcoidosis were also not diVerent.

The fraction of CD4+/CD28– T cells in
BAL fluid was 65.6 (5.4)% in patients with
WG and 6.7 (2.2)% in those with sarcoidosis.
The fractions of CD4+/CD28– T cells in BAL
fluid diVered significantly between patients
with WG and those with sarcoidosis
(p<0.001). The fractions of CD8+/CD28– T
cells were also significantly diVerent between
patients with WG (76.3 (4.1)%) and those with

Table 1 Mean (SE) data with 95% confidence intervals (CI) of study subjects

Parameter

WG Sarcoidosis

p Value†Mean (SE) 95% CI Mean (SE) 95% CI

Age (years) 63 (4) 54 to 71 44 (6) 27 to 60 <0.05
Disease duration (years) 3.5 (1.1) 0.9 to 6.1 0.8 (0.5) 0.1 to 2.1 NS
Current DEI 4.7 (0.4) 3.5 to 5.8
BVAS 15.1 (1.4) 8.8 to 12.2
ESR (mm/h) 48 (10) 26 to 69 63 (14) 28 to 97 NS
CRP (mg/l) 20 (8) 2 to 39 51 (16) 12 to 89 NS
Leucocyte count (× 103/mm3) 5.9 (0.4) 4.9 to 6.9 6.0 (0.5) 4.4 to 7.5 NS
Thrombocyte count (× 103/mm3) 263 (21) 224 to 300 451 (86) 280 to 622 <0.05
Creatinine (mg/l) 15 (3) 7 to 22 8 (1) 6 to 9 <0.05
CD4+/CD28– blood (%) 13.4 (6.2)‡ 0.5 to 27.4 4.1 (2.5) 1.8 to 10.2 NS
CD4+/CD28– BAL (%) 65.6 (5.4)‡ 53.4 to 77.8 6.7 (2.2) 1.4 to 12.2 <0.001
CD8+/CD28– blood (%) 42.9 (6.2)‡ 28.9 to 56.9 52.0 (9.4) 29.1 to 74.9 NS
CD8+/CD28– BAL (%) 76.3 (4.1)‡ 67.1 to 85.5 53.4 (7.3) 35.5 to 68.2 <0.05

WG = Wegener’s granulomatosis; DEI = disease extension index15; BVAS = Birmingham vasculitis activity score16; ESR = erythro-
cyte sedimentation rate; CRP = C reactive protein; BAL = bronchoalveolar lavage; NS = no significant diVerence.
The fraction of CD28– T cells within the CD4+ and CD8+ T cell populations is indicated by CD4+/CD28– and CD8+/CD28–.
†p value indicates statistically significant diVerences between WG and sarcoidosis.
‡Frequencies of CD4+/CD28– and CD8+/CD28– T cells from peripheral venous blood and BAL fluid were also significantly dif-
ferent in WG (p<0.001 and p<0.01) but not in acute sarcoidosis.

Figure 1 Fraction of CD28– T cells in the CD4+ and
CD8+ T cell compartment in bronchoalveolar lavage
(BAL) fluid and blood of patients with Wegener’s
granulomatosis.
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100

80

60

40

20

0

P
er

ce
n

ta
g

e

CD4+ 28_

CD8+ 28_

p<0.001

p<0.01

Figure 2 Fraction of CD28– T cells in the CD4+ and
CD8+ T cell compartment in bronchoalveolar lavage
(BAL) fluid of patients with Wegener’s granulomatosis
(WG) compared with patients with acute sarcoidosis.
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sarcoidosis (53.4 (7.3)%; p<0.05, fig 2). The
total numbers of CD4+/CD28– and CD8+/
CD28– T cells in the BAL fluid of patients with
WG and sarcoidosis also diVered significantly
(p<0.05).

IMMUNOHISTOCHEMISTRY

Biopsy specimens of tissue from granuloma-
tous lesions of patients with WG were stained
with anti-CD3, anti-CD28, and both antibod-
ies. Tonsillar tissue from patients without WG
undergoing surgery was identically stained.
Double immunofluorescence staining (overlay)
showed extensive CD3+/CD28+ double posi-
tive staining of T cells in the tonsil. Thus, the
staining protocol correctly indicated double or
single positive cells, and the absence of CD28
on T cells in granulomatous lesions from
patients with WG was not due to failure of the
staining procedure. Nearly all the CD3+ cells
did not stain for CD28 (CD3+/CD28– T cells)
in biopsy specimens of the upper respiratory
tract in patients with WG (fig 3). Similar
results were obtained from five biopsy speci-
mens.

CORRELATION OF PARAMETERS

A good correlation was found between ESR
and BVAS (r=0.68; p<0.05) and for CRP and
BVAS (r=0.83; p<0.01) in patients with WG.
There was no correlation between CD4+/
CD28– or CD4+/CD28– T cells and CD8+/
CD28– T cells from peripheral venous blood
or BAL fluid and age or other parameters in
WG or sarcoidosis.

Discussion
Expansion of the fraction of CD28– T cells has
previously been observed in peripheral blood in
patients with WG.8–10 The present study was
designed to identify recruitment of CD28– T
cells into granulomatous lesions of the respira-
tory tract and BAL fluid in patients with WG.
Patients with acute sarcoidosis served as
disease controls because both diseases are
characterised by a predominantly Th1-like
cytokine profile but have a diVerent outcome.
Patients with WG had a significantly higher
fraction and total number of CD4+/CD28–
and CD8+/CD28– T cells in BAL fluid than
those with acute sarcoidosis. The fraction of
CD4+/CD28– and CD8+/CD28– T cells was
significantly higher in BAL fluid than in blood
in patients with WG but not in those with acute
sarcoidosis. The total number of CD4+/
CD28– T cells, but not CD8+/CD28– T cells,
was also significantly higher in BAL fluid than
in blood in patients with WG. In addition,
CD28– T cells were seen in significant
numbers in biopsy specimens from granuloma-
tous lesions of the upper respiratory tract in five
patients with WG.

To our knowledge, this is the first study to
show enrichment of CD28– T cells in BAL
fluid and detection of this T cell subset in
granulomatous lesions of WG. Our data are in
line with previous reports on leucocyte num-
bers and the lymphocytic cell profile and
resultant CD4/CD8 ratios in BAL fluid in
patients with WG and sarcoidosis.18 Our results

Figure 3 Tonsillar tissue (top row) from patients without Wegener’s granulomatosis (WG) undergoing surgery and tissue of a granulomatous lesion in a
patient with WG (bottom row) were stained with anti-CD3, anti-CD28, and both antibodies (overlay). Double immunofluorescence staining (overlay)
indicated extensive CD3+/CD28+ double positive staining of T cells in the tonsil, demonstrating eYcacy of the staining protocol. In contrast, CD3+ cells
did not stain for CD28 and were therefore CD3+/CD28– in the granulomatous lesion in WG. Similar results were obtained from five biopsy specimens
from patients with WG.
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are also in agreement with a recent report on
the frequency of CD28– T cells in patients with
acute sarcoidosis.19 Phenotypical characterisa-
tion of BAL T cells from patients with
sarcoidosis in that study demonstrated IFN-ã
expression and high level expression of CD28.
Moreover, in vitro stimulation with the Th1-
related cytokine IL-15 induced strong expres-
sion of IFN-ã and CD28, suggesting a role for
macrophage derived cytokines in the activation
of T cells in sarcoidosis.19

Lack of CD28 expression is an infrequent
finding in peripheral blood CD4+ T cells of
healthy humans. Expansion and selective
recruitment of CD28– T cells to sites of
inflammation have recently been observed in
distinct infections and some autoimmune
diseases.20–25 CD8+ and CD4+ T cells may lose
CD28 expression during some chronic infec-
tions. Respiratory challenge of mice with
Bordetella pertussis induces a pulmonary infil-
tration with CD28– T cells.20 Inflammatory
lesions in ulcerative colitis contain aggregates
of unusual T cell subsets such as CD4+/
CD28– and ãäT cell receptor expressing
CD4–/CD8– T cells.21 The severity of extra-
articular disease manifestations correlates with
the expansion of the CD4+/CD28– IFN-ã
producing T cell compartment in rheumatoid
arthritis.22 In WG, expansion of the CD28– T
cell subset correlates with a high cumulative
number of involved organs—that is, a high
DEI.8 In rheumatoid arthritis CD4+/CD28– T
cells were found to undergo clonal expansion
and lack CD40L, rendering them incapable of
providing help for B cell diVerentiation and
immunoglobulin production. Skewing of the
immune response towards autoreactive re-
sponses may be one of the consequences.23 24

Despite lacking CD28 molecules, clonal ex-
pansion of CD4+/CD28– T cells has been
attributed to the aberrant expression of killer
cell activating (KAR) molecules in the absence
of inhibitory receptors on CD4+/CD28– T
cells in patients with rheumatoid arthritis.
Stimulation of KAR enhances the proliferative
response of CD4+/CD28– T cells to TCR
mediated stimulation in rheumatoid arthritis.25

Lack of CD28 expression on CD4+ T cells
has also been reported to increase with age.26

We found no correlation with age in patients
with WG or sarcoidosis. In a previous report8

we also found no correlation of CD28– T cells
with age in WG, and Schlesier et al reported
similar findings.9 Although enlargement of the
of CD28– T cell compartment with age has
been reported, one has to be aware that the
“healthy” old age population in many reports
was unselected. Search for unreported con-
comitant diseases may result in a diVerent
observation—namely, the absence of an in-
crease in CD4+/CD28– or CD8+/CD28– T
cells with age (Dr Michael Schirmer, Inns-
bruck, personal communication).

Clonal expanded CD4+/CD28– T cells can
be detected in the inflamed synovia of patients
with rheumatoid arthritis but they do not
enrich in the joint.22 In contrast, our data indi-
cated enrichment of CD4+/CD28– T cells in
BAL fluid compared with blood in patients

with WG. We detected CD28– T cells in
granulomatous lesions of WG, suggesting
recruitment of CD28– T cells into the
granulomatous lesions from blood. Alterna-
tively, CD28+ T cells could also be recruited
from blood and may lose CD28 expression at
the site of inflammation. Since loss of CD28
expression is a feature of highly diVerentiated T
cells arising from CD28+ T cell precursors—
for example, during acute Epstein-Barr (EBV)
and human immunodeficiency virus (HIV)
infection27 28—CD28– T cells could be gener-
ated in a “longstanding” granuloma such as in
WG. This would be less likely in an acute sar-
coid granuloma. However, influx of neutrophils
forming microabscesses, poorly formed granu-
lomatous lesions, and parenchymal necrosis
indicate a higher cellular turnover in WG com-
pared with the well organised epitheloid cell
granulomas of acute sarcoidosis.29 Thus, fur-
ther analysis of phenotype, clonality, and func-
tion of CD28– T cells in blood and at sites of
inflammation is needed to understand leuco-
cyte homing in WG. Preliminary data from our
current analysis of CD4+/CD28– T cells in
WG indicate that CD4+/CD28– T cells are
phenotypically and functionally diVerent from
the CD4+/CD28– T cell subset found in rheu-
matoid arthritis.22–25

In conclusion, this study has shown enrich-
ment of CD28– T cells in BAL fluid and
granulomatous lesions of the respiratory tract
in patients with WG but not in those with acute
sarcoidosis. Homing and compartmentalisa-
tion of CD28– T cells into granulomatous
lesions in WG may be one mechanism which
finally determines the phenotypically diVerent
evolution of the inflammatory lesions in WG
and sarcoidosis. Furthermore, specialised T
cell subsets preferentially homing into areas of
inflammation in WG may become therapeutic
targets for selective treatments in the future.

Supported by a research grant from Luebeck University (to
FM) and grants SFB367/A8 (to PL, AM, WLG) and
SFB367/C1 (to US) from the German Research Society (Deut-
sche Forschungsgemeinschaft).

1 Csernok E, Mueller A, Gross WL. Immunopathology of
ANCA-associated vasculitis. Int Med 1999;38:759–65.

2 Campbell JJ, Haraldsen G, Pan J, et al. The chemokine
receptor CCR4 in vascular recognition by cutaneous but
not intestinal memory T-cells. Nature 1999;400:776–80.

3 Morales J, Homey B, Vicari AP, et al. CTACK, a
skin-associated chemokine that preferentially attracts skin-
homing memory T-cells. Proc Natl Acad Sci USA 1999;96:
14470–5.

4 Csernok E, Szymkowiak C, Wang G, et al. T-cell cytokine
profiles in patients with Wegener’s granulomatosis (ab-
stract). Arthritis Rheum 1995;38:S375.

5 Csernok E, Trabandt A, Mueller A, et al. Cytokine profiles
in Wegener’s granulomatosis: predominance of type 1
(Th1) in the granulomatous inflammation. Arthritis Rheum
1999;42:742–50.

6 Ludviksson BR, Sneller MC, Chua KS, et al. Active Wegen-
er’s granulomatosis is associated with HLA-DR+ CD4+ T
cells exhibiting an unbalanced Th1-type T cell cytokine
pattern: reversal with IL-10. J Immunol 1998;160:3602–9.

7 Mueller A, Trabandt A, Glöckner-Hofmann K, et al. Local-
ized Wegener’s granulomatosis: predominance of CD26
and IFN-ã expression. J Pathol 2000;192:113–20.

8 Moosig F, Csernok E, Wang G, et al. Costimulatory
molecules in Wegener’s granulomatosis (WG): lack of
expression of CD28 and preferential up-regulation of its
ligands B7-1 (CD80) and B7-2 (CD86) on T-cells. Clin
Exp Immunol 1998;114:113–8.

9 Schlesier M, Kaspar T, Gutfleisch J, et al. Activated CD4+

and CD8+ T-cell subsets in Wegener’s granulomatosis.
Rheumatol Int 1995;14:213–9.

10 Giscombe R, Nityanand S, Lewin N, et al. Expanded T cell
populations in patients with Wegener’s granulomatosis:
characteristics and correlates with disease activity. J Clin
Immunol 1998;18:404–13.

756 Lamprecht, Moosig, Csernok, et al

www.thoraxjnl.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thorax.56.10.751 on 1 O

ctober 2001. D
ow

nloaded from
 

http://thorax.bmj.com/


11 Agostini C, Adami F, Semenzato G. New pathogenetic
insights into the sarcoid granuloma. Curr Opin Rheumatol
2000;12:71–6.

12 DeRemee RA. Sarcoidosis and Wegener’s granulomatosis: a
comparative analysis. Sarcoidosis 1994;11:7–18.

13 Leavitt RY, Fauci AS, Bloch DA, et al. The American College
of Rheumatology 1990 criteria for the classification of
Wegener’s granulomatosis. Arthritis Rheum 1990;33:1101–7.

14 Jennette JC, Falk RJ, Andrassy K, et al. Nomenclature of
systemic vasculitides. Proposal of an international consen-
sus conference. Arthritis Rheum 1994;37:187–92.

15 deGroot K, Gross WL, Herlyn K, et al. Development and
validation of a disease extent index for Wegener’s granulo-
matosis. Clin Nephrol 2001;55:31–8.

16 Luqmani RA, Bacon PA, Moots RJ, et al. Birmingham Vas-
culitis Activity Score (BVAS) in systemic necrotizing
vasculitis. Q J Med 1994; 87: 671–8.

17 Joint Statement of the American Thoracic Society (ATS),
the European Respiratory Society (ERS) and the World
Association of Sarcoidosis and Other Granulomatous Dis-
orders (WASOG) adopted by the ATS Board of Directors
and by the ERS Executive Committee. Statement on
sarcoidosis, 1999. Am J Respir Crit Care Med 1999;160:
736–55.

18 Schnabel A, Reuter M, Gloeckner K, et al. Bronchoalveolar
lavage cell profiles in Wegener’s granulomatosis. Respir Med
1999;93:498–506.

19 Agostini C, Trentin L, Perin A, et al. Regulation of alveolar
macrophage-T cell interactions during Th1-type sarcoid
inflammatory process. Am J Physiol 1999;277:L240–50.

20 McGuirk P, Mahon BP, GriYn F, et al. Compartmentaliza-
tion of T cell responses following respiratory infection with
Bordetella pertussis: hyporesponsiveness of lung T cells is
associated with modulated expression of the co-stimulatory
molecule CD28. Eur J Immunol 1998;28:153–63.

21 Yeung MM, Melgar S, Baranov V, et al. Characterization of
mucosal lymphoid aggregates in ulcerative colitis: immune
cell phenotype and TCR-gammadelta expression. Gut
2000;47:215–27.

22 Martens PB, Goronzy JJ, Schaid D, et al. Expansion of unu-
sual CD4+ T-cells in severe rheumatoid arthritis. Arthritis
Rheum 1997;40:1106–14.

23 Yang H, Rittner H, Weyand CM, et al. Aberrations in the
primary T-cell receptor repertoire as a predisposition for
synovial inflammation in rheumatoid arthritis. J Invest Med
1999;47:236–45.

24 Namekawa T, Wagner UG, Goronzy JJ, et al. Functional
subsets in rheumatoid synovitis. Arthritis Rheum 1998;41:
2108–16.

25 Namekawa T, Snyder MR, Yen JH, et al. Killer cell activat-
ing receptors function as costimulatory molecules on
CD4+CD28null T-cells clonally expanded in rheumatoid
arthritis. J Immunol 2000;165:1138–45.

26 Vallejo AN, Nestel AR, Schirmer M, et al. Aging-related
deficiency of CD28 expression in CD4+ T-cells is
associated with the loss of gene-specific nuclear factor
binding activity. J Biol Chem 1998;273:8119–29.

27 Roos MT, van Lier RA, Hamann D, et al. Changes in the
composition of circulating CD8+ T-cell subsets during
acute Epstein-Barr and human immunodeficiency virus
infections in humans. J Infect Dis 2000;182:451–8.

28 Borthwick NJ, Lowdell M, Salmon M, et al. Loss of CD28
expression on CD8(+) T-cells is induced by IL-2 receptor
gamma chain signalling cytokines and type I IFN, and
increases susceptibility to activation-induced apoptosis. Int
Immunol 2000;12:1005–13.

29 Travis WD. Pathology of pulmonary granulomatous vasculi-
tis. Sarc Vasc DiV Lung Dis 1996;13:14–7.

CD28– T cells in Wegener’s granulomatosis 757

www.thoraxjnl.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thorax.56.10.751 on 1 O

ctober 2001. D
ow

nloaded from
 

http://thorax.bmj.com/

