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Abstract 
 

Objectives: The recently characterized IL-17-producing T-helper-cell 
lineage (Th17), rather than the Th1 lineage, is involved in several 
autoimmune diseases. The possible role of Th17-cells in Wegener’s 
granulomatosis (WG) has not yet been elucidated. This study assessed the 
distribution of Th1/Th2/Th17 cells and investigated the presence of Th17-
cells specific for the WG-autoantigen proteinase3 (PR3) in WG.  

Methods: Peripheral blood from WG-patients in remission (R-WG, 
n=26) and healthy controls (HC, n=10) was stimulated in vitro with PR3 or 
the control stimuli SEB (Staphylococcal enterotoxin B), TT (Tetanus Toxoid), 
and Phorbol-Myristate-Acetate/Calcium-Ionophore (PMA/Ca-Io), together 
with anti-CD28 and anti-CD49d. The frequencies of the various CD4+T-cell 
phenotypes responsive to stimuli were determined by 7-color flow cytometric 
detection of CD3, CD8, an early activation marker (CD69), and intracellular 
cytokines (IL2, IFNγ, IL17, IL4).  

Results: The percentage of CD69+CD4+T-cells in R-WG was 
significantly decreased in response to PR3, and tended to be lower in 
response to other stimuli, in comparison to HC. The percentages of Th17-
cells (IL4-IL17+IFNγ-) and Th2-cells (IL4+IL17-IFNγ-) within the activated 
CD69+CD4+T-cell population were significantly increased in R-WG, whereas 
no difference was found in Th1-cells (IL4-IL17-IFNγ+) as compared to HC. 
Increased percentages of Th17-cells in response to TT and SEB were found 
both in ANCA-positive and ANCA-negative-patients, whereas increased 
frequency of PR3-specific Th17-cells was restricted to ANCA-positive-
patients.  

Conclusion: a skewed Th17 response is found in R-WG following 
stimulation, also with the autoantigen PR3, which suggests that IL17 is 
involved in disease pathogenesis and could constitute a new therapeutic 
target. 
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Introduction 
 

CD4+ helper T-cells (Th) are part of the adaptive immune system 
and play a central role in orchestrating immune responses via antigen-
induced secretion of effector cytokines. Until recently, effector CD4+Th-cells 
have been divided into two distinct lineages: the Th1 lineage (interferon-
gamma [IFNγ]-secreting cells), which supports appropriate cellular immune 
function against intra-cellular pathogens, and the Th2 lineage (interleukin 4 
[IL4]-secreting cells), which enhances elimination of parasites and is 
essential for humoral immune responses1. Recently, a third lineage of CD4+ 
Th-cells that selectively produce IL17 (Th17-cells) has been identified2;3. 
IL17 plays an important role in regulating neutrophil recruitment and 
granulopoiesis4;5, induces expression of several innate inflammatory 
mediators such as granulocyte-colony stimulating factor (G-CSF), IL6, IL8, 
and prostaglandin E2 (PGE2), and synergizes with tumor necrosis factor-α 
(TNFα) to promote inflammation6-8. Thus, Th17 cells form a new bridge 
between adaptive and innate immunity and are thought to be key initiators 
and regulators of inflammation. 

Although animal-studies have previously supported a role for Th1 
cells in the pathogenesis of collagen-induced arthritis (CIA) and 
experimental autoimmune encephalomyelitis (EAE), recent data suggest 
that Th17 cells, rather than Th1 cells, are the main subset capable of 
inducing autoimmunity in those animal models9-11. In support of this 
hypothesis, aberrant IL17 expression was found in a variety of autoimmune 
inflammatory diseases in humans, such as rheumatoid arthritis12, multiple 
sclerosis13, systemic lupus erythematosus14, Kawasaki disease15, and 
inflammatory bowel disease16. 

Wegener’s granulomatosis (WG) is an autoimmune inflammatory 
disease affecting small- to medium-sized vessels leading to granulomatous 
inflammation, particularly in the airways, systemic vasculitis and 
glomerulonephritis. It is associated with the presence of anti-neutrophil 
cytoplasmic autoantibodies (ANCA) directed against proteinase 3 (PR3)17-19. 
The etiopathogenesis of this disease is still unknown. Involvement of T-cells 
in the pathogenesis of WG is suggested by granuloma formation in the 
lesions and the distribution of the IgG subclasses of PR3-ANCA in WG 
which is compatible with an antigen-driven and Th-cell dependent 
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autoimmune response20. Indeed, an increase in percentages of circulating 
CD4+ effector memory T-cells together with a decrease in naïve CD4+T-
cells21;22, even in remission, reflect ongoing T-cell activation. Furthermore, a 
defect in CD4+ regulatory T-cell function was observed in WG-patients23. 

Although T-cells appear to play an important role in WG, in vitro 
PR3-specific T-cell reactivity was found in only a few patients with WG and 
in a comparable proportion of healthy controls24-26. However, the techniques 
used in those studies have been limited in their ability to provide quantitative 
data on functionally defined PR3-specific T-cells, and did not take into 
account the recently described Th17 lineage. The present study was, 
therefore, designed to determine the distribution of circulating Th1, Th2, and 
Th17 cells in WG in comparison to controls, and to analyse the cytokine 
pattern of PR3-activated T-cells. To this end, antigen specific T-cells 
responses were monitored by 7-color flow cytometric analysis detecting de 
novo expression of the early activation marker CD69 and the intracellular 
cytokine expression of IL2, IFNγ, IL17, and IL4. The hypothesis was tested 
that patients with WG, even in remission, display a dysbalance in their 
Th1/Th2/Th17 cells, in particular at the level of PR3-specific responses.  
 
 
Materials and Methods 
 
Study population 
  

Twenty-six patients with WG and 10 age- and sex-matched healthy 
controls (6 males, 4 females, median age 47 years, mean age 46 years, 
range 28-61 years) were included in this study. The diagnosis of WG was 
established according to the definitions of the Chapel Hill Consensus 
Conference and fulfilled the classification criteria of the American College of 
Rheumatology (ACR)27;28. Only patients without clinical signs and symptoms 
of active vasculitis and considered to be in complete remission, as indicated 
by a score of zero on the Birmingham vasculitis activity score (BVAS), were 
included in the study29. Nineteen patients were considered to have 
generalized-WG including renal involvement, and 7 patients localized-WG in 
which the disease was confined to the upper and/or lower respiratory tract. 
None of the patients and controls experienced an infection at the time of 
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sampling. Twelve of 26 patients were treated with maintenance 
immunosuppressive therapy at the time of blood sampling consisting of 
azathioprine [50mg/day (n=2), 75mg/day (n=2), 100mg/day (n=5), 
150mg/day (n=3)]. None of the WG-patients in this study were treated with 
corticosteroids. The main clinical and laboratory data of the patients are 
summarized in Table 1. All patients and healthy individuals provided 
informed consent and the local medical ethics committee approved the 
study. 

 
Table 1: Clinical and laboratory characteristics of the WG-

patients at the time of blood sampling* 
 

 

No. of patients 26 
No. male / no. female 16 / 10 
Age, median; mean (range) years 46; 47 (23 - 65) 
No. positive / negative for PR3-ANCA 15 / 11 
No. receiving / not receiving treatment 12 / 14 
No. with localized / generalized WG 7 / 19 

 
*ANCA, Anti-neutrophil cytoplasmic antibody; PR3, Proteinase 3; WG, 
Wegener’s granulomatosis. 

 
 
Measurement of ANCA titres and specificity 
 

Anti-neutrophil cytoplasmic antibody (ANCA) titers were measured 
by indirect immunofluorescence (IIF) on ethanol-fixed human granulocytes 
according to the standard procedure as previously described30. ANCA titers 
higher than 1:40 were considered positive. ANCA antigenic specificity was 
determined by direct enzyme-linked immunosorbent assay (ELISA). 
 
 
Antibodies used in flow cytometry 
 

The following conjugated antibodies were used in flow cytometry: 
Allophycocyanin-Cyanine 7 (APC-Cy7)-conjugated anti-CD69, peridin 
chlorophyll protein-Cyanine 5.5 (PerCP-Cy5.5)-conjugated anti-CD8, pacific 
blue-conjugated anti-CD3, phycoerythrin (PE)-conjugated anti-IL2, PE-
Cyanine 7 (PE-Cy7)-conjugated anti-IL4, and Alexa Fluor® 700-conjugated 
anti-IFNγ. All were purchased from Becton & Dickinson (Amsterdam, The 
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Netherlands). Alexa Fluor® 488-conjugated anti-IL17 was obtained from 
eBioscience (San Diego, CA, USA). 
 
 
Sample preparation and in vitro stimulation 
 

Sodium heparinized venous blood was obtained from patients and 
healthy donors. Immediately after sampling, 2mL blood was mixed with 2mL 
RPMI1640 (Cambrex Bio Science, Verviers, Belgium), supplemented with 
50μg/ml gentamycin (Gibco, Scotland, UK), and aliquoted into 5mL 
polypropylene tubes (BD Biosciences) (400μL per tube). Diluted blood 
samples were stimulated with 15μg/mL heat-inactivated PR3 
(Immunovision, Springdale, AR), 15 Limes flocculationis (Lf)/mL Tetanus 
toxoid (TT; RIVM, Bilthoven, The Netherlands), or 5μg/mL Staphylococcal 
enterotoxin B (SEB; Sigma, Deisenhofen, Germany). As a negative control, 
one sample remained without stimulation. To provide optimal co-stimulation, 
co-stimulatory reagent (anti-CD28 & anti-CD49d; Becton & Dickinson) was 
added to each tube at 1μg/mL. Next, culture tubes were incubated at 37 oC, 
5% CO2 for a total of 20 h. During the last 4 h, 3μM Monensin (Sigma, St. 
Louis, MO) was added to each sample to inhibit cytokine secretion by 
interrupting intracellular transport processes. To determine the frequency of 
T-cell subsets, diluted blood was stimulated 4 h with 40nM phorbol myristate 
acetate (PMA; Sigma-Aldrich, Steinheim, Germany) and 2nM calcium 
ionophore (Ca-Io; Sigma-Aldrich) in the presence of 3μM Monensin. 
 
 
Immunofluorescent staining 
 

After stimulation, cells were washed in wash buffer [PBS, 5% Fetal 
Bovine Serum (FBS), 0.1% sodium azide (Merk, Germany)] and stained with 
PerCP-Cy5.5-conjugated anti-CD8 and pacific blue-conjugated anti-CD3 for 
15 minutes at room temperature. Cells were fixed with 100μL Reagent A 
(Caltag Labs., An Der Grab, Austria) for 10 minutes. After washing, the 
pellet was resuspended in 100μL permeabilization Reagent B (Caltag Labs.) 
and labeled with APC-Cy7-conjugated anti-CD69, PE-conjugated anti-IL2, 
PE-Cy7-conjugated anti-IL4, Alexa Fluor® 700-conjugated anti-IFNγ, and 
Alexa Fluor® 488-conjugated anti-IL17 for 20 minutes in the dark. After 
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staining, the cells were washed and immediately analyzed on FACS-LSRII 
flow cytometer (Becton & Dickinson). 
 
 
Flow cytometric analysis 
 

Seven-color flow cytometric acquisition was performed using 
FACSDiva software (Becton & Dickinson). For all flow cytometry analysis, 
data were collected for 4 x 105 cells, and plotted using the Win-List software 
package (Verity Software House Inc, ME, USA). Because stimulation 
reduces surface expression of CD4 on T-cells, CD4+T-cells were identified 
indirectly by gating on CD3-positive and CD8-negative lymphocytes. 
Activated CD4+T-cells were defined based on single-parameter 
fluorescence histogram for CD69 expression. A cutoff value of 0.5% for 
CD69-expression in unstimulated sample, as shown in figure 1A, was used 
to define the percentage of activated cells in response to mitogenic and 
antigenic stimulation. Activated CD4+T-cells, expressing the CD69 marker, 
were further displayed as dot plot for evaluation of intracellular cytokine 
production. A shown in figure 3A, the unstimulated samples were used as a 
guide for setting the linear gates to delineate positive and negative 
populations. 
 
 
Statistical analysis 
 

Data are presented as median ± SD, unless stated otherwise. The 
nonparametric Mann-Whitney U-test was used to compare data from WG-
patients with that of healthy controls, and differences were considered 
statistically significant at two-sided P-values less than 0.05. 
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Results 
 
Decreased CD69 expression on in vitro stimulated CD4+T-cells in WG-
patients compared to healthy donors 
 

CD69 represents an early and transiently expressed protein on T-
cells upon activation31. This protein is detectable on T-cells after 2h of 
antigenic stimulation and the peak level is reached at 18 to 48h31. Based on 
CD69 expression, we initially assessed the percentage of mitogen-, 
superantigen-, or antigen-responding CD4+T-cells in peripheral blood from 
WG-patients and HC. Initial experiments showed that the peak for CD69 ex- 

 
Figure 1: Percentages of CD69 expressing CD4+T-cells following in vitro activation. 
(A) Representative FACS-analysis of CD69 expression on indirectly gated CD4+T-cells (CD3+CD8- 
cells) in unstimulated and stimulated whole blood samples from a WG-patient (upper panels) and 
an age- and sex-matched healthy control (lower panels). Blood samples were stimulated with 
PMA/Ca-Io for 4 h or with SEB, PR3, or TT for 20 h in the presence of Monensin during the last 4 
h. Samples were stained and examined for CD69 expression on CD4+T-cells as described in 
Materials and Methods. A cutoff value of 0.5% for CD69-expression in the unstimulated sample 
was used to define the percentage of activated CD4+T-cells. Values in each gate represent the 
percentage of positive cells.     (B) Frequency of responding CD4+T-cells in the peripheral blood of 
WG-patients in remission (n=26) and age-matched HCs (n=10) after stimulation with the 
aforementioned stimuli. Horizontal lines represent the median percentage. The P-values were 
calculated using the nonparametric Mann-Whitney U-test. PMA, Phorbol Myristate Acetate; Ca-Io, 
Calcium Ionophore; SEB, Staphylococcal Enterotoxin B; PR3, proteinase 3; TT, Tetanus Toxoid; 
HC, Healthy control; WG, Wegener’s granulomatosis. 
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pression was reached by 20h for antigenic stimulation and by 4h for 
stimulation with mitogen (data not shown). Therefore, percentages of CD69-
expressing CD4+T-cells were determined after 4h following activation with 
PMA/Ca-Io (Mitogen; unprocessed accessory cell-independent stimulus), 
and after 20h following stimulation with SEB (unprocessed and accessory 
cell-dependent stimulus), TT (processed and accessory cell-dependent 
control antigen), and PR3 (processed and accessory cell-dependent 
autoantigen), all in the presence of optimal co-stimulation (anti-CD28 and 
anti-CD49d). 

As shown in figure 1, the percentages of CD69-expressing CD4+T-
cells were decreased in WG-patients compared to HCs following PMA/Ca-
Io, SEB, and TT stimulation, but the differences were not statistically 
significant. Unexpectedly, when compared to HCs, a significant decrease in 
CD69-expression was observed in CD4+T-cells of WG-patients upon 
stimulation with PR3 autoantigen. 
 
 
Treatment is not related to the relative decrease of CD69-expression 
on CD4+T-cells in patients with WG in remission 
 

To address the question whether treatment with azathioprine 
influences the expression of CD69 on CD4+T-cells, the WG-patient group 
was separated into untreated (n=14) and treated patients (n=12), and the 
percentages of CD69-expression were compared within the CD4+T-cells 
(Table 2). No significant differences were found between the treated and 
untreated group. It seems, therefore, that current treatment is not 
responsible for the decrease in CD69-expression. 
 
 

Table 2: Percentages of CD69-expression among CD4+T-cells in untreated 
and treated patients with WG in remission. 

 

 Stimulation Untreated WG (n= 14) Treated WG (n= 12) P 

PMA / Ca-Io 92.76 ± 8.80 92.52 ± 6.07 NS 
SEB 38.08 ± 11.67 39.07 ± 13.89 NS 
PR3 2.27 ± 1.07 2.49 ± 1.15 NS 
TT 5.22 ± 6.51 4.62 ± 5.39 NS 

 

NS, nonsignificant; P, level of significance ; PMA/Ca-Io, Phorbol Myristate Acetate / 
Calcium Ionophore; PR3, proteinase 3; SEB, Staphylococcal Enterotoxin B; TT, Tetanus 
Toxoid;  WG, Wegener’s granulomatosis. 
WG-patients were treated with azathioprine. Values expressed as mean percentage ± SD. 
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Percentages of IL2-secreting cells within CD69+CD4+T-cells from WG-
patients tend to increase in response to PR3 
 

We have previously reported that WG-patients have an increased 
percentage of circulating CD4+T-cells expressing a high level of IL2-receptor 
(CD25)23. Since IL2 may serve to expand CD25+CD4+T-cells, it is important 
to determine the percentage of IL2-secreting cells among the CD69+CD4+T-
cells responding to mitogen, superantigen, and antigen-specific stimulation. 
The percentages of IL2-secreted cells, as shown in figure 2, were higher in 
WG-patients in response to PR3 as compared to that in HC, but the 
differences were not statically significant. 

 
Figure 2: Percentages of IL2-secreting CD4+T-cells in WG-patients and HC. 
Frequency of IL2-secreting cells among CD69+CD4+T-cells from WG-patients (n=26) and HCs 
(n=10) after mitogen-, superantigen-, or antigen-specific stimulation. The percentages of IL2 
expressing cells were measured within cells electronically gated for CD69+CD3+CD8. 

Horizontal lines represent the median percentage. The P-values were calculated using the 
nonparametric Mann-Whitney U-test. 

 
 
Increased percentages of IL17- and IL4 secreting CD4+T-cells in the 
peripheral blood of WG-patients in remission 
 

To elucidate the functional phenotype of CD4+T-cells responding to 
mitogen-, superantigen-, and antigen-specific stimulation, activated CD4+T-
cells were gated and evaluated for the expression of IFNγ, IL17, and IL4 
cytokines. Since cytokine-positive populations represent a very low 
percentage of the total CD4+T-cells, it was considered appropriate to 
maximize identification of positive events by excluding the CD69-negative 
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fraction and analyzing cytokine expression within CD69+CD4+T-cells only. 
Figure 3 demonstrates typical CD4+T-cell responses in WG-patients and 
HCs to several stimuli using the optimized gate for cytokine expression 
among the CD69-positive fraction of CD4+T-cells only. 

A significant increase in the percentage of IL17 producing cells, in 
response to all stimuli, was observed in the circulating CD4+T-cells from 
WG-patients, whereas no difference was detected in IFNγ-producing 
CD4+T-cells between WG-patients and HCs (Figure 3 A/B). The percentage 
of IL4 producing CD4+T-cells was also increased in WG-patients upon 
PMA/Ca-Io-, SEB-, and PR3 stimulation when compared to the percentage 
of IL4 producing CD4+T-cells in HC. Thus, triggering of CD4+T-cells in WG-
patients induced expression of IL17 and IL4, which reflects a relative 
skewing towards Th17 and Th2 cells, respectively.  

Since co-expression of two cytokines is possible, we have analyzed 
the percentages of CD4+T-cells doubly secreting cytokines in response to all 
stimuli. Although a low percentage of these cells were found, differences 
were not observed between WG-patients and HC (data not shown). 
 
 
Increased percentages of circulating Th17 and Th2 cells in WG-
patients, and elevated PR3-specific Th17 responses in ANCA-positive 
patients compared to ANCA-negative patients 
 

To determine the exact percentages of polarized Th1-, Th17-, and 
Th2 cells, and to rule out the possibility that ANCA-positive patients may 
present a different cytokine pattern than ANCA-negative patients, single 
cytokine synthesizing phenotypes of CD69+CD4+T-cells were analyzed in 
HC and ANCA-positive and ANCA-negative WG-patients following in vitro 
stimulation with PMA/Ca-Io, SEB, TT, and PR3 (Figure 4). 

Upon stimulation with mitogen (PMA/Ca-Io), a significant increase in 
the percentages of Th17 and Th2 cells was seen in ANCA-positive and 
ANCA-negative WG-patients as compared to HC, whereas no difference 
was found in the percentages of Th1 cells. The same skewing in 
phenotypes was detected in response to TT stimulation, whereas SEB 
stimulation increased the percentages of Th17 cells significantly in both 
patients groups when compared to HC, but not that of Th1 and Th2 cells.  
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Importantly, upon stimulation with the PR3 autoantigen, a significant 
increase in Th17 cells was seen in ANCA-positive patients when compared 
to ANCA-negative patients and HC. In addition, PR3-stimulation also 
increased the percentages of Th2 cells, but not Th1 cells, in both patients 
groups in comparison to HC.  
 

 
Figure 3: Multiparameter flow cytometric detection of mitogen-, superantigen-, or antigen-
induced cytokine expression in CD4+T-cells from WG-patients and HCs. 
Whole blood from WG-patients and HC was stimulated with PMA/Ca-Io, SEB, PR3, or TT and 
analyzed for intracellular cytokine expression among CD69+CD4 T-cells. (A) Representative plots of 
IFNγ, IL17, or IL4 expression in activated CD4+T-cells from a WG-patient (upper panels) and an age- 
and sex-matched healthy control (lower panels). Value in each gate represents the percentages of 
cytokine producing cells within the CD69+CD3+CD8- gated T-cells. (B) Frequencies of IFNγ, IL17, or 
IL4 expression within responding CD4+T-cells from WG-patients (n=26) and HCs (n=10) after mitogen-
, superantigen-, or antigen-specific stimulation. A hepta staining was performed (as described in 
Materials and Methods) to evaluate the expression of cytokines. The percentages of cytokine 
expressing cells were measured within cells electronically gated for CD69+CD3+CD8-. Horizontal lines 
represent the median percentage. The P-values were calculated using the nonparametric Mann-
Whitney U-test. 
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Since previous studies on Th1/Th2 distribution in WG-patients have 
suggested a shift from a Th1 pattern in localized disease towards a Th2 
pattern in generalized disease32, we compared the percentages of Th1-, 
Th17-, and Th2 cell subsets between generalized- and localized-WG. No 
differences were found in Th1/Th17/Th2 pattern between both patients 
groups (data not shown). 
 
 

 

Figure 4: Cytokine profile of helper T-cell subsets in response to in vitro stimulation.  
Percentages of Th1 (IFNγ+IL17-IL4-), Th17 (IFNγ-IL17+IL4-), and Th2 (IFNγ-IL17-IL4+) cells in response to 
mitogen-, superantigen-, and specific antigen stimulation in peripheral blood of HC (n=10) and ANCA-
positive (n=15) and ANCA-negative (n=11) WG-patients. Horizontal lines represent median values.               
P-values were calculated using the nonparametric Mann-Whitney U-test 

 
 
Discussion 
 

In the present study, we demonstrate a skewing in cytokine 
phenotype of circulating CD4+T-cells in WG-patients towards the Th17- and 
Th2-phenotypes, and we establish, for the first time, the existence of 
circulating PR3-specific Th17-cells in ANCA-positive WG-patients by using a 
multiparameter flow cytometric cytokine analysis to quantitate and 
characterize CD4+T-cells specifically reacting to this antigen. Since 
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increased percentages of circulating CD4+ effector memory T-cells as well 
as a defect in circulating CD4+ regulatory T-cell function were found in WG-
patients in remission21;23, this study was, therefore, focused on the cytokine 
profile and the specificity of circulating CD4+T-cells in WG-patients in 
remission. 

The detection of the early activation marker CD69 after antigenic 
stimulation, in parallel with cytokine expression, has been postulated as a 
sensitive and quantitative in vitro technique to identify antigen-specific T-
cells. Since CD69 is the earliest activation marker expressed by T-cells 
following stimulation, and since PR3 is the main target autoantigen in WG, 
one would expect increased CD69-expression on patient’s T-cells upon in 
vitro stimulation with PR3. Contrary to our expectation, CD4+T-cells from 
WG-patients showed a significant decrease in CD69-expression, as 
compared to HC, following PR3-stimulation. Based on our data, it was 
considered unlikely that the proportional decrease in CD69-expression was 
due to exposure to azathioprine medication. So, how to explain this finding? 
It has been reported that circulating CD25HighCD4+T-cells do not express 
CD69 even upon stimulation33;34. Increased percentages of circulating 
CD25HighCD4+T-cells have been observed in patients with WG23. In addition, 
percentages of IL2-secreting CD4+T-cells in response to PR3 tended to be 
higher in WG-patients compared to HC. As CD69-CD4+T-cells, particularly 
those expressing CD25High (the IL2 receptor), are expanded under influence 
of IL2, a decreased percentage of CD69-expression on CD4+T-cells 
following PR3-stimulation will be expected in WG-patients.  

In an attempt to further elucidate the function of CD69+CD4+T-cells 
following stimulation, we analyzed Th1/Th17/Th2 polarization by 
determining single cytokine expression of IFNγ, IL17, and IL4, respectively. 
Previous reports provide evidence for an altered Th1/Th2 balance in 
localized and generalized WG35;36. It has been shown that cells from nasal 
infiltrates from patients with localized WG express the Th1-markers CD26 
and CCR5 in combination with increased IFNγ production35;36, whereas 
abundant expression of the Th2-marker CCR3 in combination with IL4 
expression was seen in infiltrating cells during generalized disease37. 
Although those studies do not take into account the newly described Th17-
lineage, they suggest that Th1 responses might play a role during initiation 
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of WG. In many mouse models of autoimmune inflammatory diseases, that 
have been viewed as prototypic Th1-mediated diseases, disease severity 
was enhanced in the absence of Th1 cells and the presence of Th17 cells9-

11;38. In addition, increased expression of IL17 in humans has been 
observed in a growing list of autoimmune and inflammatory diseases12-16. 
This suggests that Th17 cells, rather than Th1 cells, are the major player in 
the disease process. In line with this, we found a relative increase in 
circulating Th17 cells in WG-patients, whereas no differences were 
observed in percentages of Th1 cells when compared to HC. Importantly, 
stimulation with PR3 resulted in a skewing towards the Th17 phenotype in 
ANCA-positive WG-patients. Thus, WG-patients have an increased 
percentage of PR3-specific Th17 cells.  

The obvious question arises why the increase in PR3-specific Th17 
cells was found in ANCA-positive and not in ANCA-negative patients. Direct 
involvement of IL17 in overproduction of autoantibodies was reported in 
patients with lupus nephritis39, but an indirect role of IL17 in the humoral 
response is also plausible. Studies in mice have shown that IL1 plays an 
important role in enhancing the interaction between T-cells and antigen 
presenting cells (APC) by inducing CD40 ligand (CD40L) and OX40 on T-
cells, which participate in CD4+T-cell priming as well as in activating 
antigen-specific B-cells40. Induction of IL1 expression in APC by IL17 could 
explain an indirect role of Th17 in the humoral immune response. More 
recently, Hsu et al. reported that IL17 promotes the formation of 
autoantibody-producing germinal centers in autoimmune BXD2 mice41. This 
may provide an explanation why ANCA-positive WG-patients have higher 
percentages of Th17 cells than ANCA-negative patients. 

Effector cytokines of both Th1 and Th2 cells potently inhibit Th17 
development. Blocking of either IFNγ or IL4 cytokine by specific antibodies 
will increase IL17 expression3. Thus, balanced differentiation of Th1 and 
Th2 cells is crucial for regulation of the Th17 response. In WG-patients, IL4 
expression increased following stimulation without increase in IFNγ 
expression. Combination of IL17 and IL4 potently induces IL6 secretion in 
human myofibroblasts42. Raised plasma levels of TGFß and IL6 have been 
reported in WG-patients43, which can also collectively induce Th17 cells44;45. 
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Therefore, imbalanced Th1/Th2 cytokine production may underlie the cause 
of the elevated percentage of Th17 cells in this disease. 

 The observation of a relatively increased number of PR3-specific 
Th17 cells in WG may point to their pathogenic role. IL17 serves as a 
mediator of infection-induced immune responses, but overproduction of IL17 
may aggravate inflammatory reactions and contribute to tissue injury. It has 
been shown that IL17 induces CXC chemokine release from human 
bronchial epithelial cells that specifically attract neutrophils to the site of 
inflammation in association with increased activity of elastase and 
myeloperoxidase5;46. In addition, IL17 stimulates the release of IL1β and 
TNFα from macrophages47, which causes upregulation of the expression of 
endothelial adhesion molecules48;49 and induces translocation of PR3 to the 
neutrophil membrane50 which thereby becomes available for interaction with 
circulating ANCA autoantibodies. Thus, IL17 is capable of recruiting and 
activating neutrophils. As activation and recruitment of neutrophils and 
formation of granulomas are histological characteristics of WG, the relative 
increase in PR3-specific Th17 cells may give insight into disease 
mechanism by bridging innate and adaptive immune responses in WG. 
Indirectly, induction of PR3-surface expression on neutrophils by Th17, 
together with the functional defect of regulatory T-cells in WG-patients23, 
may trigger the autoimmune response resulting in production of ANCA-
autoantibodies.  

Regarding the contribution of Th17 cells to the immunopathology of 
Wegener’s disease, one may argue that circulating Th17 cells should be 
studied in patients with active disease and not in those in remission. 
However, confounding factors could be present when studying circulating 
Th17 cells during active disease. WG-patients with active disease exhibited 
a significant decrease in antigen experienced effector CD4+T-cells (effector 
memory CD4+T-cells) in the peripheral blood compared to WG-patients in 
remission due to migration of these cells towards inflammatory sites21. 
Therefore, analysis of T-cell responses using peripheral blood from WG-
patients with active disease will exclude cells migrated to inflamed tissues 
which are, probably, the most relevant cells. Moreover, the presence of 
autoantigen-specific CD4+T-cells are expected to be present also in patients 
in remission, as high levels of PR3-ANCA can be present during remission 
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as well. Since T-cells are involved in the process of ANCA production, 
assessing the distribution of Th1/Th2/Th17 cells in response to PR3 in WG-
patients in remission could certainly be relevant. Therefore, studying T-cell 
responses in WG-patients in remission seems relevant for the analysis of 
CD4+T-cell disturbances in WG. 

In conclusion, the data presented here are the first to demonstrate a 
dysbalance in circulating Th1/Th2/Th17 cell responses in WG-patients. The 
relative increase in PR3-specific Th17 cells, rather than Th1 cells, in ANCA-
positive WG-patients suggests that these cells are key players in the 
pathogenesis of WG as has been suggested for other autoimmune 
diseases.  
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