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ABSTRACT
Objective: To analyse whether a spe-
cific cytokine pattern is elicited in re-
sponse to the autoantigen proteinase 3 
(PR3) in active Wegener’s granuloma-
tosis (WG).
Methods: Six-colour flow cytometry 
was used to analyse cytokine produc-
tion and surface markers of the total 
CD4+ T-cell population ex vivo and in 
PR3-stimulated T-cell lines of patients 
with active PR3-ANCA-positive WG, 
PR3-ANCA-negative Churg-Strauss 
syndrome (CSS), and healthy controls 
(HC).
Results: The cytokine response of 
the total PB CD4+ T cell population 
was skewed towards distinct pro-in-
flammatory cytokine patterns in WG 
(Th1-type) and CSS (Th17, Th1- / 
Th2-type). Th2-type as well as Th17 
cell populations including Th17/Th1, 
Th17/Th2 and Th22 cells were elicited 
in response to PR3 stimulation in WG. 
In contrast, CSS patients displayed a 
Th2-type dominated response follow-
ing PR3 stimulation.
Conclusion: These data suggest that the 
cytokine response of the total CD4+ T-
cell population and PR3-specific cells is 
influenced by the underlying disorder.

Introduction
Wegener’s granulomatosis (WG) and 
Churg-Strauss syndrome (CSS) are two 
rare diseases characterised by a necrotis-
ing systemic vasculitis and a predilection 
for chronic granulomatous inflammation 
of the respiratory tract. Both disorders 
progress from a prodromal stage to a gen-
eralised systemic disorder. Respiratory 
and constitutional symptoms herald ear-
ly systemic WG, whereas asthma usually 
precedes CSS. Pulmonary-renal syn-
drome and other systemic vasculitic fea-
tures prevail in generalised WG, whereas 
blood eosinophilia, eosinophilic pulmo-
nary infiltrates and vasculitic manifesta-
tions such as polyneuropathy are found 

in full-blown CSS. Anti-neutrophil cyto-
plasmic autoantibodies with proteinase 
3-specificity (PR3-ANCA) are detected 
in nearly all Caucasian patients with gen-
eralised WG, but rarely in CSS (1-3).
Previous studies reported the predomi-
nance of a peripheral blood (PB) Th1-
type cytokine response after unspe-
cific stimulation in WG and a mixed 
Th1/Th2-type cytokine pattern in CSS 
(4, 5). Interestingly, the autoantigen 
PR3 elicits T-cell proliferation both in 
WG patients and in healthy controls 
(6). PR3 induces a Th2-type and Th17 
response in WG patients in clinical re-
mission (3, 6-8). To determine whether 
a specific cytokine pattern is elicited 
in active WG, we investigated the ex 
vivo cytokine response of PB CD4+  
T-cells following PR3 stimulation. In 
the present study we show that distinct 
cytokine patterns were displayed by the 
total CD4+ T-cell population and PR3-
stimulated T-cells in WG and CSS.

Materials and methods
Study population
In this study, consecutive patients with 
active PR3-ANCA-positive WG (n=16) 
and PR3-ANCA-negative CSS (n=10) 
were included. All WG patients were 
MPO-ANCA-negative; all but one CSS 
patient were MPO-ANCA-negative 
(Table I). Patients fulfilled the ACR 
criteria and the CHC definition for WG 
and CSS, respectively. Disease activity 
and stages were defined and recorded 
according to EULAR recommendations 
(9). All patients and controls provided 
informed consent. Ten healthy volun-
teers served as controls. The study was 
approved by the ethics committee of the 
University of Lübeck (no. 07-059). 

Antibodies used for flow cytometry
The following antibodies were used in 
different combinations: Pacific Blue 
(PB)-conjugated anti-CD3, anti-CD4, 
FITC-conjugated anti-CD3, anti-TNF-α, 
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anti-CD69, anti-CD45RA, APC- PE-
conjugated anti-CCR6, and Alexa-
Fluor-647-conjugated anti-CCR7 were 
purchased from BD Biosciences, Hei-
delberg, Germany. PE-conjugated anti-
IL-17A was obtained from eBioscience 
(Frankfurt, Germany), PE-conjugated 
anti-TGF-β from IQProducts (Han-
nover, Germany), APC-conjugated 
anti-CD4 and PE-conjugated anti-IL-
10 from Miltenyi (Bergisch Gladbach, 
Germany) and APC-conjugated anti-
IL-22 from R&D systems (Wiesbaden, 
Germany), respectively. PE-Cy7-con-
jugated anti-IL-4 and Cy7-conjugated 
anti-IFN-γ were a kind gift of S. Dim-
itrov, Lübeck. Appropriate isotype con-
trols were included.

Surface marker and 
intracellular cytokine staining
Cell surface and intracellular stainings 
were performed as described previously 
(10). Briefly, lithium heparinised whole 

blood was stimulated with PMA (Sigma, 
Munich, Germany) (10ng/ml) and iono-
mycin (Sigma) (1μg/ml) for 4h at 37°C 
before the addition of Brefeldin (1μg/
ml) (Sigma). After lysing cells were 
subsequently stained with previously 
determined optimal concentrations of 
fluorochrome-conjugated monoclonal 
antibodies for cell surface antigens and 
anti-cytokine antibodies or appropriate 
negative (isotype) controls. Thereafter, 
cells were immediately analysed on a 
FACS CantoII cytometer (BD) using 
FACSDiva software (BD).

Flow cytometry
Six-colour flow cytometric analysis 
was performed on a FACS CantoII 
cytometer (BD) using FACSDiva soft-
ware (BD). Lymphocytes were gated 
for analysis based on light-scattering 
properties and on CD3 and CD4. For 
all flow cytometry analysis, 5x104 
CD3+CD4+ cells were collected. Un-

stimulated control samples were used 
to discriminate between negative and 
positive populations. Additionally ap-
propriate isotype controls were includ-
ed in each experiment to determine 
background staining. CD69 expression 
was used to exclude T cell anergy due 
to immunosuppressive therapy. Fre-
quencies of cell subsets were calculated 
using FACSDiva™ Software (BD).

In vitro cell stimulation 
with PR3
Short-term PR3-stimulated T-cell lines 
were generated as described earlier (5). 
Cells were incubated with 10μg/ml 
heat-inactivated PR3 (Athens Research 
& Technology, GA, USA) and cultured 
for 18 days at 37°C in the presence of 
20U/ml IL-2. Cytokine production and 
phenotypic characterisation of cells was 
determined by intracellular staining 
and flow cytometry as described above. 
Staining with 7-aminoactinomycin D 

Table I. Clinical characterisation of WG and CSS patients according to EULAR recommendations (8).    
        
Patient  Age (Yr) Activity Organ  BVAS  ANCA Treatment
no. /sex  involvement V3.0

WG-1 57/M First manifestation E, L, K, P, S, B 32 PR3 None
WG-2 55/F Major relapse E, L 12 PR3 Pred, AZA
WG-3 39/M Refractory disease E, L, Ey 10 PR3 Pred, AZA
WG-4 37/M Low activity E, L 6 PR3 Pred, MTX
WG-5 45/F Refractory disease E, L, K 16 PR3 Pred, CYC
WG-6 52/F Refractory disease E, L, K, Ey 22 PR3 Pred, CYC
WG-7 39/F Major relapse E, C 15 PR3 Pred, MMF
WG-8 20/F Minor relapse E, A 5 PR3 Pred, MTX
WG-9 83/M Refractory disease E, K, B 14 PR3 Pred, CYC
WG-10 51/M Refractory disease E, L, K, H 23 PR3 Pred, CYC
WG-11 79/F First manifestation E, K, C, Ey, A, B 20 PR3 None
WG-12 54/M Low activity E, L 7 PR3 Pred, LEF
WG-13 27/M Low activity E, L 7 PR3 Pred, MTX
WG-14 50/M First manifestation E, L, K, A, B 24 PR3 None
WG-15 64/M First manifestation E, L, K, Ey, S, B 23 PR3 None
WG-16 50/M Low activity P 6 PR3 Pred, AZA
CSS-1 56/M Low activity A, B 2 Ø Pred MTX
CSS-2 73/F Major relapse L 6 Ø Pred, MTX
CSS-3 79/M Low activity P 6 Ø Pred, AZA
CSS-4 64/M First manifestation E, L, P, H, GI, B 29 Ø None
CSS-5 57/F Low activity A, B 3 Ø Pred, LEF
CSS-6 64/F Minor relapse E 4 Ø Pred, AZA
CSS-7 59/F Major relapse L 4 Ø Pred, MTX
CSS-8 60/M Minor relapse A 1 MPO Pred, MTX
CSS-9 40/F Low activity A, B 3 Ø Pred, MTX
CSS-10 60/M First manifestation E, L 8 Ø None

F: female; M: male; WG: Wegener’s granulomatosis; CSS: Churg-Strauss syndrome; Low activity: minor symptoms, which do not warrant an escalation 
of therapy; Minor relapse: re-occurrence or new onset of disease, which is neither organ- nor life-threatening; Major relapse: re-occurrence or new onset of 
organ- or life-threatening disease; Refractory disease: unchanged or increased disease activity in spite of treatment; E: ENT; L: lung; K: kidney; C: central 
nervous system; P: peripheral nervous system; Ey: eye; H: heart; GI: gastro-intestinal tract; S: skin; A: arthralgia/arthritis; B: constitutional symptoms; 
BVAS V3.0: Birmingham Vasculitis Acitivity Score, version 3.0; ANCA: antineutrophil cytoplasmic autoantibody; PR3: proteinase 3-specific ANCA, MPO: 
myeloperoxidase-specific ANCA; Ø: no ANCA; AZA: Azathioprine; CYC: cyclophosphamide; LEF: leflunomide; MMF: mycopholate mofetil; MTX: 
methotrexate; Pred: prednisolone.
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(7-AAD, BD) was included to discrimi-
nate between live and dead cells.

Statistical analysis
Statistics were performed using Prism 
4.0 (GraphPad Software, San Diego, 
CA, USA). Comparisons between pa-
tients and control subjects were ana-
lysed by non-parametric Mann-Whit-
ney U-test. P-values equal to or less 
than 0.05 were considered to be statis-
tically significant.

Results
PB CD4+ T-cells display 
differences in cytokine production 
in WG and CSS
Using flow cytometry we analysed in-
tracellular cytokine expression of PB 
CD4+ T-cells in active WG (n=16), CSS 
(n=6), and healthy controls (n=10). WG 
patients displayed an intracellular TNF-
α expression in a significantly higher 
percentage of CD4+ T-cells compared 
to healthy individuals. In CSS signifi-

cantly higher percentages of TNF-α, 
IFN-γ, IL-4, IL-17, and IL-22 express-
ing CD4+ T-cells were found compared 
to healthy controls. Moreover, the per-
centages of TNF-α and IL-4 expressing 
CD4+ T-cells were higher in CSS as 
compared to WG (Fig. 1a). There were 
no significant differences in the per-
centages of IL-10+ and TGF-β+ CD4+ 
T-cells between WG, CSS, and healthy 
controls (data not shown).
No differences in the frequencies of    

Fig. 1. Cytokine produc-
tion of peripheral blood 
(PB) CD4+ T-cells in WG 
and CSS. 
A. Frequencies of CD4+ 
T-cells positive for intra-
cellular cytokines in WG, 
CSS, and HC as assessed 
by flow cytometry. Data are 
presented as dot-plot graph. 
The horizontal bar indi-
cates the median. *p<0.05, 
**p<0.01, ***p<0.001 by 
Mann-Whitney U-test. WG: 
Wegener’s granulomatosis, 
CSS: Churg-Strauss syn-
drome, HC: healthy con-
trol.
B. Representative quadrant 
dot-plot analysis of intra-
cellular co-expression in 
a WG patient. Numbers in 
quadrants represent per-
centages of cells.

A

B
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total PB CD4+ cytokine double-positive 
staining cells were observed between 
WG, CSS, and healthy controls. Analy-
sis of intracellular cytokine co-expres-
sion showed that only few PB IL-17+ 
T-cells also produced IFN-γ (Th17/Th1 
cells). Virtually no Th17/Th2 cells and 
few IL-22+ T-cells lacking IL-17 co-
expression (Th22 cells) were detected 
(Fig. 1b).

Distinct cytokine patterns of CD4+ 
T-cells following PR3 stimulation in 
WG and CSS
Cytokine production following PR3 

stimulation was analysed in active WG 
(n=6), CSS (n=5), and healthy controls 
(n=5). There was no significant differ-
ence in disease activity (BVAS 3.0) 
between the group of patients in which 
the cytokine response of the total CD4+ 
T-cell population was determined and 
those in which the response to PR3 
was not determined. Following PR3 
stimulation there was no difference in 
Th1-type T-cell cytokine production 
between WG, CSS, and healthy con-
trols. However, the percentages of IL-
17, IL-22, and IL-4-producing CD4+ 
T-cells following PR3 stimulation were 

significantly higher in WG compared 
to healthy individuals. Interestingly, 
the 2 WG patients displaying the high-
est frequencies of IL-17+ cells suffered 
from a concomitant bacterial infection 
(Pseudomonas aeruginosa and Staphylo-
coccus aureus, respectively) at the time 
of sampling. In contrast, CSS patients 
showed a Th2-type (IL-4) dominated 
response following PR3 stimulation. 
The intracellular IL-4 production in re-
sponse to PR3 in CSS patients signifi-
cantly exceeded that displayed by WG 
patients (Fig. 2a).
Analysis of cellular cytokine co-ex-

Fig. 2. Cytokine pattern of 
proteinase 3 (PR3)-stimulat-
ed CD4+ T-cells in WG and 
CSS. 
A. Frequencies of PR3-stimu-
lated CD4+ T-cells positive for 
intracellular cytokines in WG, 
CSS, and HC as assessed by 
flow cytometry. Data are pre-
sented as dot-plot graph. The 
horizontal bar indicates the 
median. *p<0.05, **p<0.01 
by Mann-Whitney U-test. 
WG: Wegener’s granulomato-
sis, CSS: Churg-Strauss syn-
drome, HC: healthy control. 
B. Representative quadrant 
dot-plot analysis of intracel-
lular co-expression in a WG-
patient with a high frequency 
of IL-17+ cells. Numbers in 
quadrants represent percent-
ages of cells.

A

B

A

B
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pression showed that in those WG 
patients displaying an IL-17 response 
to PR3 a substantial proportion of the 
IL-17+ cells showed a co-expression 
of IL-22 (Th17 cells) and IFN-γ (Th17/
Th1cells). In WG – and to a lesser ex-
tent in CSS – a notable fraction of the 
IL-22+ cell population lacked IL-17 
co-expression (Th22 cells). Of note, a 
small subset of T-cells producing both 
IL-17 and IL-4 (Th17/Th2 cells) was 
detected in WG (Fig. 2b).

Phenotype of PR3-stimulated 
T-cells in WG and CSS and CCR6 
expression of Th17 cells
The majority of PR3-stimulated CD4+ 
T-cells lacked CCR7 and CD45RA ex-
pression in WG, i.e. they were CCR7-
CD45RA- effector memory T-cells 
(TEM). In contrast, PR3-stimulated CD4+ 
T-cells displayed a more heterogeneous 
phenotype including CCR7+CD45RA- 
central memory T-cells (TCM) in CSS. 
Th17 cells invariably expressed the 
Th17-associated chemokine receptor 
CCR6 (data not shown).

Discussion
Earlier reports described an unbal-
anced Th1-type cytokine production of 
the total PB CD4+ T-cell population in 
WG and a Th1/Th2-type cytokine pat-
tern in CSS (3-5, 10). More recently, 
an increased frequency of PB Th17 
cells has been reported in CSS (11). In 
line with these reports we found an in-
creased percentage of PB CD4+TNF-α 
Th1-type cells in active WG and CSS 
and increased frequencies of IFN-γ 
(Th1-type), IL-4 (Th2-type), and IL-
17 (Th17) expressing CD4+ T-cells 
in CSS. Th17 cells produce IL-17A 
and IL-17F and, to a lesser extent, 
IL-22 (12). In this study we show an 
increased percentage of CD4+IL-22+ 
T-cells in CSS for the first time. Inter-
estingly, we found no significant differ-
ences in the percentages of IL-10 and 
TGF-β expressing PB CD4+T-cells be-
tween WG, CSS, and healthy controls. 
Induced regulatory CD4+IL-10+ and 
CD4+TGF-β+ T-cells have been shown 
to previously ameliorate inflammation 
in experimental colitis (13). Therefore, 
the cytokine production of the total 
PB CD4+ T-cell population differs 

between both diseases (Th1-type cells 
in WG and Th17, Th1- and Th2-type 
CSS). Moreover, the increase in the 
frequency of circulating pro-inflamma-
tory cytokine producing T-cells is not 
matched by a corresponding increase 
in the frequency of induced regulatory 
T-cells in WG and CSS.
CSS resembles WG to the effect that it 
is also characterised by granulomatous 
inflammation and vasculitis. However, 
WG and CSS display profound differ-
ences in immunopathological features 
such as the predominance of distinct 
cytokine profiles of PB CD4+ T-cells, 
as shown above, and neutrophil- ver-
sus eosinophil-rich inflammation of the 
tissue (1-8). PR3-ANCA are detected 
in almost all Caucasian patients with 
generalised WG, but rarely in CSS pa-
tients. PR3-ANCA are associated with 
vasculitis in WG (1, 14). Therefore, we 
wondered whether a specific cytokine 
pattern to PR3 was elicited in WG. In 
the present study increased frequen-
cies of IL-17, IL-22, and IL-4-produc-
ing PB CD4+ T-cells were found in 
patients with active PR3-ANCA-posi-
tive WG following PR3 stimulation. 
Moreover, PR3-induced cytokine pro-
duction could be ascribed to Th2-type 
and Th17 cells including hitherto unre-
ported Th17/Th1, Th17/Th2 and Th22 
(solely IL-22 producing) PR3-induced 
cell populations in WG. In contrast, a 
Th2-type-dominated cytokine response 
was detected in PR3-ANCA-negative 
CSS after PR3 stimulation. Therefore, 
the cytokine patterns of CD4+ T-cells 
elicited in response to PR3 stimulation 
differ between active WG and CSS with 
a specific Th17 cell component being 
present in WG.
Previous studies showed that the cy-
tokine response to an antigen may be 
influenced by the underlying disease 
state and disorder. Patients with local-
ised tuberculoid leprosy produce IFN-γ 
in response to Mycobacterium leprae 
antigens, whereas patients with dis-
seminated lepromatous leprosy produce 
IL-4 (15). The T-cells of patients with 
autoimmune type 1 diabetes secrete 
IFN-γ following islet cell autoantigen 
stimulation, whereas T-cells of healthy 
individuals secrete IL-10 potentially 
suppressing the autoimmune response 

(16). In the present study we show that 
distinct cytokine responses are also elic-
ited to the autoantigen PR3 depending 
on the underlying disorder, i.e. WG and 
CSS. Of note, an increased frequency of 
PR3-specific Th2-type and Th17 cells 
has been recently reported in WG in 
clinical remission (6-8). It was argued 
that Th17 cells migrate to inflamed sites 
and, thus, become undetectable during 
active disease (7). However, our data 
show that PR3-induced PB Th2-type, 
Th17 and Th22 cell populations re-
main detectable during active disease. 
Interestingly, the 2 WG patients with 
the highest frequencies of IL-17+ cells 
suffered from a concomitant bacterial 
infection. Nasal S. aureus colonisation 
as well as other infections may trig-
ger disease activity in WG (17). Th17 
cells induce neutrophil-recruitment 
in experimental pneumonia (18). The 
precise role of PR3-induced Th17 cells 
and the mode of Th17 memory cell im-
printing remain to be defined in WG. It 
has been speculated that IL-17 produc-
ing cells could sustain inflammation 
and PR3-ANCA production (7). Th17 
cells including Th17/Th1, Th17/Th2 
subsets as well as Th22 cells have been 
demonstrated in inflammatory lesions 
in different chronic inflammatory dis-
eases more recently. Further, it has been 
demonstrated that Th17 cells induce in-
flammation, enhanced germinal centre 
formation and autoantibody production 
in animal models (19-23).
The present study focused on the cy-
tokine response to PR3 because WG 
and CSS differ with respect to the pres-
ence of PR3-ANCA. Myeloperoxidase 
(MPO)-specific ANCA are found in 
about 10–40% of CSS patients, but rare-
ly in WG (13, 14). In the present study 
only 1 CSS patient was MPO-ANCA-
positive frustrating a comparative anal-
ysis of MPO-induced T-cell responses 
in this group of patients.
Although most patients included were 
on immunosuppression, disease activity 
was seen in all of the patients. In line 
with earlier studies we did not find an 
apparent difference in the cytokine re-
sponses elicited by untreated patients, 
relapsing and refractory patients (5, 10). 
Another point of concern refers to CD4 
down-regulation, which may follow 



S-62

Cytokine patterns in WG and CSS / U. Fagin et al.

stimulation with phorbol esters. In line 
with previous reports, cytokine produc-
ing CD4+ T-cells were detected without 
problems within a time limit of 4 hours 
in the present study (10, 21). Some 
authors suggest to gate on CD3+CD8- 
cells to represent the CD4+ T-cells when 
using stimulation with phorbol esters. 
However, gating on CD3+CD8- cells is 
biased by the inclusion of NK cells and 
“double-negative” (CD3+CD4-CD8-
) T-cells in that subset resulting in an 
overestimation of IFN-γ and IL-17 pro-
ducing cells (24).
Further studies are needed to elucidate 
in as much and how immune responses 
to an antigen are additionally deter-
mined by disease rather than antigen 
alone (25). In this context, the reported 
alteration of the phenotype of cytomeg-
alovirus (CMV)-specific T-cells in WG 
patients may also find its explanation 
(26). In the present study we found dif-
ferences in total PB and PR3-induced 
CD4+ T-cell cytokine production be-
tween WG and CSS. Our data suggest 
that the response of the total CD4+ T-
cell population and PR3-specific cells is 
influenced by the underlying disease. 
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