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Introduction 
 

 Wegener’s granulomatosis (WG) is a systemic autoimmune 
vasculitis affecting small and medium-sized vessels. It is characterized by 
extravascular necrotizing granulomatous inflammation in the upper and/or 
lower respiratory tract combined with systemic small vessel vasculitis 
manifested in the kidney as pauci-immune necrotizing crescentic 
glomerulonephritis1. WG has two different clinical stages termed localized 
and generalized disease. In localized disease WG is, in most cases, 
restricted to the upper and/or lower respiratory tract, and in generalized 
disease systemic vasculitis affecting various organs including the kidneys is 
present. In many cases the disease starts as localized disease and 
progresses to the generalized phase, whereas in few patients (10-15%) the 
disease remains in the localized phase for as yet unknown reason. WG has 
an estimated prevalence of 26/million in the United States2 and 40-60/million 
in Europe3-5. The disease can affect individuals at any age, with a peak 
incidence between the 4th

 and 5th decade, and is slightly more common in 
men. Ninety seven percent of all patients are Caucasian, 2% are Black and 
1% are of another race. 
 This disease was initially reported in two patients by Heinz Klinger, 
a German Medical student, in 19316. Five years later, Friedrich Wegener, a 
German pathologist, described a distinct syndrome in 3 additional cases 
and recognized a collection of cells in inflamed tissues that he termed 
granuloma7;8. Hence the disease became known as Wegener’s 
granulomatosis. He suggested that the disease was induced by an allergic 
reaction to an infection. In many cases of vasculitis, particularly allergic 
vasculitis, lesions result from deposition of immune-complexes9. However, 
immunohistologic evaluation of lesions in WG, particularly in the kidneys, 
demonstrated an absence or paucity of immunoglobulins10. The first hint for 
a pathogenic autoantibody in WG arose in 1982, when Davies and 
coworkers reported the presence of serum anti-neutrophil antibodies in eight 
patients with pauci-immune necrotizing glomerulonephritis11. This 
observation was confirmed by Hall et al. in 198412. In 1985, van der Woude 
et al. established the close association between active WG and anti-
neutrophil cytoplasmic autoantibodies (ANCA) suggesting an autoimmune 
pathogenesis of WG13. These autoantibodies were detected by indirect 
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immunofluorescence on ethanol-fixed neutrophils. This assay revealed two 
different patterns of ANCA: a cytoplasmic pattern (c-ANCA) and a 
perinuclear pattern (p-ANCA), which suggests different antigenic 
specificities of ANCAs14;15. Subsequent studies identified the two major 
antigenic specificities of ANCA, that are proteinase 3 (PR3-ANCA producing 
a c-ANCA pattern) and myeloperoxidase (MPO-ANCA producing a p-ANCA 
pattern)15-18. The majority of patients with WG are positive for PR3-ANCA 
(80-90%). The presence and level of PR3-ANCA correlates with disease 
activity in WG, which suggests a pathophysiological role of these 
autoantibodies. 
 
 
Pathogenetic role of PR3-ANCA in vasculitis 
 

 Although the etiology of WG remains unclear, several studies have 
shed light on the immune mechanisms that may play a role in the 
pathophysiology of this disease. Based on in vitro and animal studies19-24, 
postulated mechanisms for ANCA-mediated vasculitis can be summarized 
as follows: cytokines released during an inflammatory reaction, such as 
tumor necrosis factor-α (TNFα) or interleukin-1 (IL-1), are capable to pre-
activate (prime) resting neutrophils which results in surface expression of 
PR3, so becoming accessible for interaction with ANCA. These pro-
inflammatory cytokines also induce upregulation of adhesion molecules on 
the vascular endothelium as well as on neutrophils during priming. As a 
consequence, primed neutrophils adhere to the endothelium and these 
adherent cells expressing PR3 can be fully activated by ANCA. It is 
assumed that ANCA bind with their F(ab’)2 -fragments to surface expressed 
PR3 on neutrophils and also interact via Fc-fragments with Fc-receptors, 
particularly the Fcγ RIIa-receptor, on the same cell, which enhances 
neutrophil activation resulting in degranulation, release of lytic enzymes and 
superoxide production. These toxic products cause endothelial cell injury 
ending up in vasculitis.  
 ANCA antibodies belong primarily to the IgG isotype with a 
predominance of IgG1- and IgG4 subclasses, suggesting that production of 
these autoantibodies is antigen-driven and T-cell-dependent and providing 
hints for the involvement of T-cells in disease pathogenesis25.     
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T-cell involvement in WG 
 

 Several observations support the involvement of T-cells in the 
pathogenesis of WG. Important evidence regarding their role in disease 
manifestation came from the clinical observation that remission could be 
induced in WG-patients by antibodies directed at T-cells26;27. This finding 
raises the question whether tissue injury and vasculitis may also be 
mediated by an aberrant T-cell mediated immune response. Indeed, 
abnormal phenotype and function of T-cells was observed in patients with 
WG. Percentages of activated T-cells in the peripheral blood increased in 
patients with active disease as compared to healthy controls, and this 
increase persisted during remission28. Also, elevated levels of soluble 
interleukine-2 receptor (sIL2R), a T-cell activation marker, were found in 
serum from patients during major relapses of the disease29. The majority of 
expanded circulating T-cells in WG-patients lack expression of the co-
stimulatory molecule CD28 and show upregulation of the differentiation 
markers CD57 and CD45RO which are features of effector memory T-
cells30-33. Analysis of patients’ sera for soluble markers associated with Th1-
cells (interferon [IFN]-γ, sCD26) and Th2-cells (interleukin [IL]-4, IL-5, IL-10, 
IL-13, sCD23, sCD30) disclosed a shift towards a Th2-type response in 
patients with active generalized disease34. Consistently, a relative increase 
of cells expressing Th1-associated markers (IFNγ, CD26, and CCR5) was 
detected in nasal granulomatous lesions from WG-patients with localized 
disease, whereas Th2-associated markers (IL-4, and CCR3) were 
dominated in generalized disease, which also suggests a shift towards a 
Th2-response during systemic involvement35;36. In the peripheral blood, 
upregulated expression of CCR3 as well as CCR5 was observed on 
memory CD28-T-cells, both in localized and generalized disease, 
suggesting migratory capacity of these cells37. Importantly, the ligand 
(RANTES) for CCR3 and CCR5 is expressed in granulomatous lesions of 
the respiratory tracts which favor migration of these cells into inflammatory 
sites38;39. Indeed, lymphocytes accumulating in lung lesions of WG-patients 
with active disease appear to consist mainly of CD4+CD28- memory T-cells 
with less CD8+T-cells38. These cells, thus, could contribute to the formation 
of granuloma and tissue damage and could constitute a novel target for 
therapy. 
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Aim and outline of this thesis 
 

 The capacity of the immune system to trigger immune responses via 
effector T-cells plays an important role in determining disease outcome. In 
T-cell mediated immune responses, naïve T-cells are induced to 
differentiate into T-cells with effector function (Th1, Th2, and Th17) or T-
cells with regulatory function (TReg cells). Abnormal skewing of the immune 
response towards effector T-cells away from TReg cells as well as imbalance 
between effector- and TReg cells, more specifically, impairment of TReg cell 
function, may contribute to the development and/or progression of WG and 
may participate in vascular damage in this disease. The aim of the present 
study was to investigate the phenotype and function of pathogenic T-cells in 
WG and to elucidate the role of TReg cells in this disease. 
 In chapter 2, we review the literature regarding the role of T-cells in 
ANCA-associated vasculitis. In particular, attention is given to the 
involvement of effector memory CD4+T-cells in the pathogenesis of this 
autoimmune inflammatory disease. In order to analyze the effector limb of 
the immune system in WG, we investigate in chapter 3 the distribution and 
state of activation of peripheral naive and memory CD4+- and CD8+T 
lymphocytes in this disease as well as the functional role of memory T-cells 
based on the expression of type1- and type2-associated surface markers, in 
patients in remission and patients with active disease. This study includes 
cross-sectional and follow-up data on lymphocyte subsets. Since several 
studies have described effector T-cells in urine from patients with renal 
inflammation, we analyzed the presence of effector T-cells in the urinary 
sediment as a measure of renal disease activity in patients with WG. The 
results of this analysis are described in chapter 4. The homeostasis of 
peripheral naïve and memory T-cells is controlled by regulatory T-cells 
(TReg). A decrease in frequencies and/or defective function of TReg cells have 
been documented in several systemic autoimmune diseases as reviewed in 
chapter 5. Therefore, we investigate in chapter 6 whether abnormalities in 
TReg cells occur in patients with WG. Besides TReg cells, IL17-producing Th 
cells (Th17) are thought to be key initiators and regulators of inflammation. 
In chapter 7, we assess the distribution of Th1/Th2/Th17 cells and 
investigate the presence of Th17-cells specific for the autoantigen PR3 in 



Chapter 1 

 14 

WG-patients. Finally, summary and general discussion as well as future 
perspectives are presented in chapter 8. 
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Abstract 
 

Although the cause of ANCA-associated vasculitis (AAV) remains 
undetermined, the presence of lymphocytic infiltrates in inflammatory lesions 
of patients suggests that vascular damage is immune mediated. Studies 
over the past decade have implicated a role for T-cells in the pathogenesis 
of AAV as altered T-cell phenotype has been observed in this disorder. The 
distribution of T-cell subpopulations has been analyzed most intensely in 
Wegener’s granulomatosis (WG), where an expanded population of 
circulating CD4+ effector memory T-cells (CD4+TEM) was demonstrated. 
CD4+TEM cells play a major role in the pathogenesis of several autoimmune 
diseases. Specific suppression of CD4+TEM cells inhibits delayed-type 
hypersensitivity (DTH) and has therapeutic potential in autoimmune disease. 
Thus, CD4+TEM cells may act as inducers of tissue injury and participate in 
the development of AAV. Therapies that target CD4+TEM, without impairing 
the activity of other lymphocyte subsets, may hold therapeutic promise for 
AAV. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



CD4+ effector memory T-cells in AAV 

 19 

Introduction 
 

Anti-neutrophil cytoplasmic autoantibody (ANCA)-associated 
systemic vasculitis (AAV) constitutes a group of disorders characterized by 
autoimmune inflammation affecting small- to medium-sized vessels, which 
leads to vessel occlusion and systemic organ damage. AAV is associated 
with the presence of ANCA that are directed in these diseases against 
either proteinase 3 (PR3) or myeloperoxidase (MPO). However, the primary 
immunopathogenic events that initiate the process of vasculitis are still 
largely unknown. AAV comprise basically three diseases: Wegener’s 
granulomatosis (WG), Microscopic Polyangiitis (MPA), and Churg-Strauss 
syndrome (CSS). PR3-ANCAs are predominantly associated with WG, 
whereas MPO-ANCAs are present in the majority (60-80%) of MPA-patients 
and in 35-50% of patients with CSS, particularly those with small-vessel 
vasculitis1-3. 
 As autoantibodies against neutrophil proteins are present and 
related to disease activity in these forms of vasculitis4, the focus of research 
has been on the effects of these autoantibodies and their production. In 
addition, an animal model has shown that passive transfer of anti-MPO 
antibodies is sufficient to induce necrotizing glomerulonephritis5. However, 
the distribution of IgG subclasses of ANCA in AAV, with predominance of 
IgG1 and IgG4, suggests an antigen-driven and T-cell-dependent immune 
response6. This provides indirect evidence for T-cell involvement in AAV. 
Furthermore, the presence of T-cells and macrophages in vasculitic areas 
and granulomatous lesions7-10, as well as the therapeutic effect of anti- T-
cell treatment in patients11;12, strongly support the view that T-cells play a 
role in disease manifestation. Finally, serum markers of T-cell activation 
have been found to be increased during remission and active AAV and to be 
related to disease activity. Based on these data, this review will discuss the 
role of T-cells in AAV. The main emphasis will be on the involvement of 
CD4+ effector memory T-cells in the pathogenesis of this autoimmune 
inflammatory disease. 
 
 
 
 



Chapter 2 

 20 

Altered T-cell phenotype in ANCA-associated vasculitis 
 

Although T-cells may play an important role in the pathogenesis of 
AAV, in vitro specific T-cell reactivity to PR3 or MPO was found not only in 
some patients with AAV but also in a comparable proportion of healthy 
controls13;14, and investigators have failed to detect a relation between PR3- 
or MPO-specific T-cells and disease activity. Nevertheless, in patients with 
WG, percentages of activated circulating T-cells are increased in active 
disease and this increase persists during remission15. This suggests that T-
cell activation in WG is chronically present and possibly due to a persistent 
stimulus causing ongoing stimulation. In addition, analysis of soluble 
markers for T-cell subsets, that is for Th1 (interferon [IFN]-γ, sCD26) and 
Th2 (interleukin [IL]-4, IL-5, IL-10, IL-13, sCD23, sCD30), disclosed a shift 
towards humoral immunity (Th2) in patients with active generalized WG and 
CSS, whereas cell-mediated immunity (Th1) dominated in patients with 
MPA and localized WG16. The relationship between Th1/Th2 skewing and 
its specific role in the pathophysiology of AAV awaits further studies17. 
 Abnormalities of T-cell phenotypes have been analyzed 
predominantly in WG, whereas studies in MPA and CCS are scarce. A 
number of studies have shown that most of the expanded lymphocytes in 
the peripheral blood of WG-patients upregulate CD152 (CTLA-4), express 
the differentiation marker CD57, and contain and/or secrete Th1-type 
cytokines but lack CD2818-22, which indicates that these cells belong to lately 
differentiated or effector memory T-cells. These expanded circulating 
lymphocytes express the memory marker CD45RO18, and in localized and 
generalized WG upregulate the expression of the chemokine receptors 
CCR3 and CCR523;24, which mediate the entrance of these cells into the site 
of inflammation. Moreover, memory T-cells, mainly belonging to the CD4+ 
and to a lesser extend to the CD8+ T-cell population, were abundantly 
present in WG lung lesions25. Furthermore, enrichment of CD28- memory T-
cells has also been described in granulomatous lesions in nasal biopsies of 
WG-patients26. Taken together, these data provide additional evidence for 
the involvement of especially memory T-cells exhibiting immediate effector 
function in the pathogenesis of WG and suggest that these cells contribute 
to inflammatory damage and the formation of granuloma by rapidly 
migrating into the tissues. 
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CD4 TEM cells are involved in the pathogenesis of various 
autoimmune diseases including ANCA-associated vasculitis 
 

According to recent models of progressive T-cell differentiation, the 
strength of the signal delivered via the T-cell receptor (TCR) and the type 
and amount of cytokines present during priming determine the differentiation 
of T-cells27-29. Cells receiving insufficient stimulation remain nonfit and die by 
neglect, whereas cells receiving excessive stimulation die by activation-
induced cell death (AICD). The fittest cells survive and some of these cells 
enter the memory pool, develop into effector (TEM) as well as central 
memory T-cells (TCM), and will persist long after antigen clearance. Naïve T-
cells receiving a relatively weak stimulus will proliferate and develop 
preferentially into TCM, whereas priming by a strong stimulus results in 
differentiation towards TEM cells. TCM and TEM cells are defined based on the 
expression of the lymph node homing chemokine receptor CCR7, which is a 
key to unlock entry into lymph nodes30. TCM express CCR7 and efficiently 
home to lymph nodes, while TEM lacking CCR7 expression fail to migrate to 
lymphoid organs, but have acquired the capacity to migrate to sites of 
inflammation and to produce large amounts of proinflammatory cytokines.  
 Several studies have demonstrated that disease-specific 
autoreactive T-cells in various autoimmune diseases are co-stimulation-
independent CCR7-negative TEM cells. It has been shown that myelin basic 
protein (MBP)-specific T-cells in peripheral blood of patients with multiple 
sclerosis (MS) are predominantly CD4+TEM cells31;32. In patients with type-1 
diabetes mellitus (T1DM), T-cells specific for the autoantigen glutamic acid 
decarboxylase 65 (GAD65) are co-stimulation-independent activated CD4+ 
memory T-cells33. Moreover, enrichment of T-cells exhibiting the TEM 
phenotype was demonstrated in synovial fluid of patients with juvenile 
idiopathic arthritis and in skin lesions of patients with psoriasis34;35. The 
pathogenic role of TEM was confirmed in an animal model for MS36. Passive 
transfer of myelin-specific TEM to naïve rats induces experimental 
autoimmune encephalomyelitis (EAE) in the recipient rat, which indicates 
the involvement of TEM cells in the pathology of autoimmunity. 
 In WG, a persistent expansion of CD4+TEM cells with a reciprocal 
decrease in naïve CD4+T-cells has been reported in patients during 
remission, whereas no differences were observed in the distribution of 
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CD8+T-cells subpopulations and the CD4+TCM cells between patients and 
healthy controls37. The majority of expanded CD4+TEM cells in WG have a 
FoxP3-negative nonregulatory phenotype37. Since proliferation towards TEM 
cells requires both a strong and persistent immune trigger, these data 
provide important evidence for the presence of an ongoing strong antigenic 
stimulus in WG-patients. 
 The obvious question arises why the disturbance in T-cell 
subpopulations in WG-patients is confined to the CD4+T-cells subset. 
Studies in mice have shown that granuloma formation was delayed and 
poorly organized in CD4-deficient mice in response to intravenous infection 
with M. tuberculosis38. In humans, HIV-infected patients with mycobacterial 
infection exhibit defective granuloma formation and the extent of granuloma 
formation in those patients was dependent on circulating CD4+T-cell 
counts39. These data point to an important role for CD4+T-cells in initiating 
and maintaining granuloma formation and suggest that CD8+T-cells are less 
important. Very recently, Ruth et al.40 have demonstrated the contribution of 
effector CD4+T-cells to tissue injury in MPO-ANCA-associated 
glomerulonephritis. They induced experimental autoimmune anti-MPO 
crescentic glomerulonephritis in C57BL/6 wild-type (WT) mice by 
immunization with human MPO (hMPO) and recruiting neutrophils to 
glomeruli by administration of heterologous anti-GBM antibodies. They 
found that depletion of effector CD4+T-cells in MPO-immunized mice at the 
time of administration of the triggering anti-GBM antibodies resulted in a 
pronounced attenuation of crescent formation and macrophage influx in 
glomeruli, despite the presence of MPO-ANCA levels, comparable to that in 
control-treated mice. Furthermore, they showed that glomerular crescent 
formation was not reduced in the absence of MPO-ANCA, as hMPO 
immunized B-cell-deficient mice (μMT-/- mice) with this model developed 
comparable severity of glomerulonephritis despite the absence of an anti-
MPO antibody response. This study suggests that effector CD4+T-cells act 
as key effectors of tissue injury in MPO-ANCA vasculitis. Importantly, data 
from our cross-sectional and follow-up study in WG demonstrate a 
significant decrease in CD4+TEM cells in active disease as compared to 
patients in remission37. A decrease in CD4+TEM cells during active disease 
may have occurred due to a selective migration of those cells into 
inflammatory areas in response to an as yet unknown initial trigger. In 
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agreement with this, CD4+ memory T-cells were present in active pulmonary 
lesions in patients with WG25. In addition, Marinaki et al.41 have reported on 
the association between persistent activation of CD4+T-cells and disease 
severity in MPA- and WG-patients. Furthermore, Sakatsume et al.42;43 have 
shown that T-cells in urine of patients with glomerulonephritis exhibit a TEM 
phenotype identical to the phenotype of infiltrating T-cells found in and 
around glomeruli.               
 Collectively, the aforementioned data strongly support the 
involvement of CD4+TEM in the pathogenesis of AAV, and provide some 
clues to understanding the mechanism of disease development and relapse.  
 
 
What causes expansion of CD4+TEM cells in WG? 
 

It is still unresolved what causes the expansion of CD4+TEM cells in 
WG, but several possibilities may be suggested. It has been reported that in 
vitro stimulation of peripheral blood mononuclear cells (PBMCs) from WG-
patients with PR3 and MPO (autoantigens) and with Staphylococcus aureus 
(a risk factor for relapse in WG44) resulted in an exaggerated and a Th2-
skewed cytokine response45;46. In line with this in vitro finding, we observed 
a skewing of CD4+TEM in WG-patients in remission toward a Th2-
phenotype37, which may support the hypothesis that expansion of circulating 
CD4+TEM in WG results from autoantigenic triggers or S.aureus derived 
stimuli. In addition, this autoreactive response may be due to a failure in one 
or more self-tolerance mechanisms. Our recent results on regulatory T-cell 
(TReg) function in WG-patients have demonstrated a defective suppressive 
function of circulating TReg

47, which may contribute to TEM expansion and 
disease pathogenesis.  
 On the other hand, an impressive enrichment of Insulin-like growth 
factor 1 (IGF-1) immunoreactive cells has been demonstrated in vessel 
walls and in granuloma of WG-patients48. This trophic factor promotes the 
conversion of the CD45 isoform of T-cells from CD45RA (naïve cells) to 
CD45RO (memory cells) and prevents T-cells from spontaneous apoptosis 
by downregulating Fas-expression on activated T-cells49. Therefore, it can 
be argued that the increase and survival in the TEM pool in WG-patients 
could be related to enhanced production of IGF-1. Moreover, CTLA-4 
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expression can prevent apoptosis in activated T-cells by upregulation of the 
Bcl-2 anti-apoptotic protein50. Indeed, upregulation of CTLA-4 has been 
detected in T-cells from WG-patients which provides some clues to 
understanding the increased survival of TEM cells in this disease18;22. 
 Another plausible explanation for the expanded TEM population is 
indicated by the fact that the variant of the protein tyrosine phosphatase 22 
gene (PTPN22) has been shown to be a risk factor for WG51. The PTPN22 
protein acts as a powerful inhibitor of T-cell activation via inhibition of key 
molecules downstream of the T-cell receptor52. Variation in the PTPN22 
gene may be related to the potential for persistent T-cell activation and 
proliferation toward effector memory cells in patients with WG. 
  
 
CD4+ TEM cells as a target for therapy 
 

Several studies in patients with autoimmune disorders have 
supported a pathogenic role of autoreactive CD4+TEM cells in disease 
expression. Therefore, strategies designed to specifically target the 
autoreactive CD4+TEM cells without impairing the function of other 
lymphocyte subsets might have value in the treatment of autoimmune 
diseases. Beeton et al.36;53 have demonstrated that the voltage-gated Kv1.3 
K+ channel is a specific functional marker for TEM cells. They found that the 
disease-associated autoreactive T-cells from patients with T1DM or RA are 
mainly CD4+TEM cells expressing a high level of the Kv1.3 K+ channel54. 
Therefore, Kv1.3 channels can serve as a novel therapeutic target for 
immunomodulation of autoreactive TEM in autoimmune disorders. Indeed, 
selective inhibition of Kv1.3 channel effectively prevented and restored 
autoimmune disease in EAE and suppressed delayed-type hypersensitivity 
(DTH) in rats36;53. Importantly, specific Kv1.3 blockers suppress proliferation 
and cytokine production of autoantigen-specific TEM clones from T1DM-
patients and RA-patients54. Thus, suppression of Kv1.3 would appear a 
good approach to modulate pathologic immune responses mediated by 
autoreactive TEM cells. This may hold therapeutic promise for ANCA-
associated autoimmune disease, but further studies are needed to assess 
this approach.   
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Conclusion 
 

The specific role of TEM cells in the pathogenesis of systemic 
vasculitis is still unclear, and further studies are needed to elucidate the 
exact contribution of CD4+TEM cells to tissue injury. Based on our findings 
and published reports of others, we propose the following scenario: due to 
impaired function of TReg cells, autoreactive CD4+T-cells may escape 
immune regulatory mechanisms and undergo repeated autoantigenic 
stimulation. Autoantigens such as PR3 and MPO or superantigens from S. 
aureus act as stimulators of specific T-cells leading to accelerated 
differentiation of CD4+TNaive cells toward TEM cells. Upon local upregulation 
of adhesion molecules and chemokine receptors, these TEM cells migrate 
and accumulate in inflammatory areas and contribute to granuloma 
formation and tissue damage. Therefore, suppression of autoreactive TEM 
cells could be an important goal in the treatment of ANCA-associated 
vasculitis. 
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Abstract 
 

In order to test the hypothesis that Wegener’s granulomatosis (WG) 
is associated with an ongoing immune effector response, even in remission, 
we examined the distribution of peripheral naïve and memory T-
lymphocytes in this disease, and analyzed the function-related phenotypes 
of the memory T-cell population. Peripheral blood mononuclear cells 
(PBMCs) were freshly isolated from WG-patients in remission (R-WG, 
n=40), active WG-patients (A-WG, n=17), and age-matched healthy controls 
(HC, n=21). Expression of CD4, CD8, CD45RO, CCR7, interleukin (IL)-
18Rα, ST2L, and FoxP3 were determined by four-color flow cytometric 
analysis. CD45RO and CCR7 were used for distinction between naïve and 
memory T-cells, IL-18Rα, ST2L, and FoxP3 for assessment of Type1, 
Type2, and regulatory T-cells, respectively. In R-WG, the 
CD4+CD45RO+CCR7- effector memory T-cell subpopulation (TEM) was 
relatively increased, whereas the CD4+CD45RO-CCR7+ naïve T-cell 
population (TNaive) was decreased as compared to HC. The distribution of 
naïve and memory CD8+T-cells did not differ between R-WG, A-WG and 
HC, nor did CD4+CD45RO+CCR7+ central memory T-cells (TCM). In contrast 
to HC, the percentage of CD4+TNaive cells in R-WG correlated negatively with 
age, whereas CD4+TEM cells showed a positive correlation. In R-WG a 
skewing towards Type2 T-cells was observed in CD4+TEM cells. No 
differences were detected in FoxP3+CD4+TEM cells between R-WG and A-
WG, whereas the FoxP3-CD4+TEM cells were increased in R-WG and 
decreased in A-WG as compared to HC. Collectively, peripheral blood 
homeostasis of CD4+T-cells is disturbed in R-WG with the persistent 
expansion of non-regulatory CD4+TEM cells. These cells might be involved in 
relapse and may constitute a target for therapy. 
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Introduction 
 
 

Wegener’s granulomatosis (WG) is an autoimmune disease of 
unknown etiology characterized by necrotizing granulomatous lesions in the 
respiratory tract, systemic vasculitis affecting small- to medium-sized 
vessels, and pauci-immune glomerulonephritis1. Although remission can be 
obtained in the vast majority of patients by immunosuppressive treatment, 
relapses occur in most patients2. 

Over the past decade, several studies have implicated T-cells in the 
pathogenesis of WG. The presence of T-cell infiltrates in granulomatous 
lesions, vasculitic areas, and affected kidneys3-7, as well as the possibility of 
obtaining remission in refractory Wegener's patients by treatment with 
humanized monoclonal antibodies specific to lymphocyte CD52 and CD4 
antigens and rabbit anti-thymocyte globulin8;9, support the view that T-cells 
play a major role in the pathogenesis of WG. Furthermore, increased levels 
of T-cell activation markers such as soluble interleukin-2 receptor (sIL-2R), 
soluble CD4 and soluble CD30, and upregulation of CD25 and human 
lymphocyte antigen-DR (HLA-DR) on circulating T-cells in active WG (A-
WG), and even during complete remission, indicate continuous T-cell 
activity10-14. These activated lymphocytes expressed CD45RO, implicating 
memory T cells in WG15. Indeed, lymphocytes accumulating in lung lesions 
of A-WG-patients demonstrate a T-helper-2 (Th2) environment16 and appear 
to consist mainly of CD4+CD45RO+ T-cells and, although less numerous, 
CD8+CD45RO+ T-cells17. 

Recent reports indicate the existence of two major subpopulations 
of human memory T-cells, which are defined by the expression of the lymph 
node homing chemokine receptor CCR718;19. Central memory T-cells (TCM) 
express CCR7 and efficiently home to lymph nodes, whereas effector 
memory T-cells (TEM), which lack CCR7 expression, fail to migrate to 
lymphoid organs, but have acquired the capacity to migrate to inflamed 
peripheral tissues and display immediate effector functions. 

In view of the relapsing course of WG, in which relapses are 
possibly elicited by local inflammatory stimuli20, we hypothesized that an 
expanded population of effector memory T-cells is persistently present also 
in patients in remission. Upregulation of CCR3- and CCR5 chemokine 
receptors mediating the entrance of T-cells into the site of inflammation has 
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been observed in CD4 and CD8 memory T-cells in peripheral blood of WG-
patients21. This suggests that these cells belong to the population of effector 
memory T-cells. Once disease activity is present, these cells can be 
recruited from the peripheral blood to the site of inflammation, resulting in 
perturbation in T-cell homeostasis in the peripheral blood. 
In order to test this hypothesis we studied the distribution of circulating 
naïve T-cells and central and effector memory T-cell subpopulations by 
analyzing the expression of CD45RO and CCR7 markers on CD4 and CD8 
T-cells in patients with WG in remission in comparison with active patients 
and healthy controls (HCs). To assess skewing of the respective T-cell 
subpopulations into Type1 and Type2 T-cells, we determined the 
expression of Type1-associated IL-18Rα and Type2-associated ST2L 
surface markers22. The results show that WG-patients in remission 
demonstrate a persistent expansion of Th2 effector memory T-cells with a 
concomitant decrease of naïve CD4+T-cells in their peripheral blood. 
 
 
Materials and Methods 
 
Study population 
  

Fifty-seven consecutive patients with WG (Table 1) and 21 age-
matched healthy controls (HC, 9 males, 12 females, mean age 51 years, 
range 20-83 years) were enrolled in this study. All patients and healthy 
individuals provided informed consent and the local medical ethics 
committee approved the study. All patients met the criteria of the American 
College of Rheumatology23 and the Chapel Hill Consensus Conference24 
definition for WG. Disease activity was assessed for all patients at the time 
of sampling using the Birmingham Vasculitis Activity Score (BVAS)25. 
Remission was defined as the complete absence of disease symptoms. 
Disease extension was defined as localized when WG was restricted to the 
upper and lower respiratory tract and as generalized when systemic disease 
with vasculitis including renal disease was present. A relapse of the disease 
was considered on the basis of clinical and laboratory signs of inflammation 
and signs of a new or worsening clinical manifestation of WG. According to 
these criteria, blood samples were taken during a clinically active phase of 
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disease in 17 patients (9 localized and 8 generalized) and during remission 
in 40 patients (8 localized and 32 generalized). None of the patients with A-
WG or R-WG experienced an infection at the time of sampling. 

Three of 17 patients with active-WG (A-WG) were still being treated 
with maintenance immunosuppressive therapy when they had relapsed and 
blood was sampled. One patient received mycophenolate mofetil with low-
dose prednisolone and 2 patients were treated with azathioprine. Within the 
group of WG-patients in remission (R-WG), 29 patients did not receive any 
therapy at the time of sampling, whereas 9 patients were treated with 
azathioprine, 1 patient with cyclophosphamide, and 1 patient received 
cyclophosphamide with low-dose prednisolone. Ten of the 17 active patients 
were studied at the first manifestation of their disease, and the remaining 
active patients were analyzed at the time of relapse. The mean level of C-
reactive protein (CRP) in the group of A-WG-patients was significantly 
higher than in the group of R-WG-patients (P<0.0001). 
 
 

Table 1: Clinical and laboratory characteristics of WG-patients. 
 

 Remission  Active 

No. of patients 40 17 
No. male / no. female 24 / 16 10 / 7 
Age, median (range) years 57 (17 – 87) 55 (19 – 85) 
BVAS, mean (range) 0 11 (6 – 25) 
No. with localized / generalized WG 8 / 32 9 / 8 
No. positive / negative for ANCA 30 / 10 15 / 2 
No. receiving / not receiving treatment 11 / 29 3 / 14 
CRP, mean (range) mg/l 7.6 (2.7 – 35) 76 (2.7 – 163) 
Disease duration, median (range) months 78 (11 – 192) 0 (0 – 203) 
No. of relapses, median (range) 1 (0 – 4) 0 (0 – 3) 

 

ANCA, Anti-neutrophil cytoplasmic antibody; BVAS, Birmingham Vasculitis Activity 
Score; CRP, C-reactive protein; WG, Wegener’s granulomatosis. 

 
 
Laboratory parameters 
  

Plasma levels of CRP were measured by nephelometry (Behring 
Marburg, Germany)26. Anti-neutrophil cytoplasmic antibodies (ANCA) titers 
were measured by indirect immunofluorescence on ethanol-fixed human 
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granulocytes, according to the standard procedure as described 
previously27. ANCA titers lower than 1:20 were considered negative.  
 
 
Isolation of Peripheral Blood Mononuclear Cells (PBMCs) 
  

Peripheral blood was obtained by venipuncture in heparinized 
tubes, and PBMC were immediately isolated by density-gradient 
centrifugation on Lymphoprep (Axis-Shield PoC AS, Oslo, Norway). Cells 
were washed two times in phosphate-buffered saline pH 7.2 (PBS), and 
resuspended at 5x106 cells/mL in RPMI 1640 (Cambrex Bio Science, 
Verviers, Belgium) supplemented with 5% human pool serum and 50μg/ml 
gentamycin (Gibco, Scotland, UK). Cells were stained immediately and 
analyzed by fluorescence-activated cell sorter (FACS). 

 
 

Antibodies 
   

The following antibodies were used in flow cytometry: peridin-
chlorophyll (PerCP)-conjugated anti-CD4, PerCP conjugated anti-CD8, 
phycoerythrin (PE)-conjugated anti-CCR7, fluorescein isothiocyanate 
(FITC)-conjugated anti-CD45RO and allophycocyanin (APC)-conjugated 
anti-CD45RO. All were purchased from Becton & Dickinson (Amsterdam, 
The Netherlands). FITC-conjugated IL-18Rα and APC-conjugated anti-
FoxP3 were obtained from eBioscience (San Diego, CA, USA) and FITC-
conjugated ST2L was purchased from MD Biosciences (Div. of Morwell 
Diagnostic GmbH; MD Biosciences, Zurich, Switzerland). MultiTESTTMfour-
color antibodies (FITC-anti-CD3, PE-anti-CD8, PerCP-anti-CD45, and APC-
anti-CD4) were purchased from Becton & Dickinson. Isotype matched 
control antibodies of irrelevant specificity were obtained from Becton & 
Dickinson and eBioscience. 
 
 
Flow cytometry analysis 
 
 

PBMCs (0.5x106 cells/100μL) from WG-patients and HCs were 
stained immediately after blood drawing with appropriate concentrations of 
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fluorochrome-conjugated monoclonal antibodies for cell surface antigens. 
Four-color flow cytometric analyses were performed using the following 
monoclonal antibodies: FITC- or APC-anti-CD45RO, PE-anti-CCR7, PerCP-
anti-CD4 or PerCP-anti-CD8, and FITC-anti-IL-18Rα or FITC-anti-ST2L. 
After the addition of monoclonal antibodies and incubation for 15 minutes at 
room temperature, 2mL of 1X FACS lysing solution (Becton & Dickinson) 
was added, and samples were washed in PBS containing 1% bovine serum 
albumin (BSA) and immediately analyzed by flow cytometry. To determine 
the frequency of regulatory T-cells (TRegs), surface staining was followed by 
intracellular staining for FoxP3 protein performed by using fixation and 
permeabilization buffers provided by the FoxP3-kit (eBioscience) according 
to the manufacturer’s instruction. Four-color staining was analyzed on 
FACS-Calibur (Becton & Dickinson) and data were collected for 3x104 
lymphocytes gated by forward and side scatter. Data were plotted using the 
Win-List software package (Verity Software House Inc, ME, USA). Positively 
and negatively stained populations were calculated by quadrant dot-plot 
analysis, determined by the appropriate isotype controls. 
 
 
Quantification of CD4+ and CD8+ T-cells 
  

CD4+ and CD8+T-cells were quantified by four-color FACS-Calibur 
flow cytometer using TruCOUNTTM tubes (Becton & Dickinson) according to 
the manufacturer's instructions. The absolute number of CD4+ and CD8+T-
cells was determined by comparing cellular events to beads events using 
CELL-Quest software (Becton & Dickinson). 
 
 
Statistical analysis  
 

Data are presented as mean ±SD, unless stated otherwise. The 
nonparametric Mann-Whitney U-test was used to compare data from WG-
patients with that of HCs. The Wilcoxon matched-pairs test was used for 
intra-individual comparison of values at two time points. Linear regression 
analysis was performed to assess associations between the phenotypically 
defined T-cell subsets and different parameters. Two-tailed P-values less 
than 0.05 were regarded as statistically significant. 
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Results 
 
The percentage of circulating T-cell subsets 
 

A decrease in the percentage of CD4+T-cells and an increase in the 
percentage of CD8+T-cells were detected in R-WG-patients and patients 
with A-WG, as compared to HC, but the difference was significant for R-
WG-patients only. The CD4/CD8 T-cell ratio was significantly lower in R-
WG-patients than in HC. This was not the case for patients with A-WG. No 
difference was observed in percentage of CD4+T-cells, CD8+T-cells or 
CD4/CD8 ratio between both patients groups (Table 2). 
 
 

Table 2: Percentage of CD4 and CD8 T-cells in peripheral blood of WG-patients in 
remission or with active disease compared to HCs. 

 

 HC (n=21) Remission (n=40) P Active (n=17) P 

CD4+ T-cells 50.36 ± 1.58  41.56 ± 1.85 0.002 48.05 ± 3.28 NS 
CD8+ T-cells 21.28 ± 1.21  28.86 ± 1.90 0.004 27.16 ± 2.92 NS 
CD4 / CD8   2.52 ± 0.15    1.83 ± 0.22   0.0002   2.36 ± 0.39 NS 

 

HC, healthy controls; NS, nonsignificant; P, level of significance. 
Values expressed as mean percentage ± SD. P-values for each patient group were calculated relative 
to HCs. 

 
 
Percentages of circulating CD4+ memory T-cells are increased in WG-
patients in remission 
  

We determined the percentages of total memory cells (CD45RO+) of 
CD4+ and CD8+T-cells in HC, and in A-WG-patients and R-WG-patients 
(Figure 1A). The percentage of CD4+ memory T-cells was significantly 
increased in R-WG-patients but not in patients with A-WG, as compared to 
the HC group. The percentages of CD8+ memory T-cells from either A-WG-
patients or R-WG-patients did not differ from that of HC. No differences 
were seen in the percentages of memory T-cells neither between patients 
with localized and generalized active disease nor between patients with 
localized and those with generalized disease in remission (Figure 1A). 
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Figure 1: CD4 and CD8 naive and memory T-cell subpopulations in peripheral blood of WG-patients 
in remission (R-WG, n= 40), active WG-patients (A-WG, n= 17), and healthy controls (HCs, n= 21). 
(A) The percentages of total memory cells (CD45RO+) within the CD4+ and CD8+T-cell population in 
peripheral blood of HC, R-WG, and A-WG patients. (B) Representative example of multicolor flow cytometric 
analysis of TNaive (CCR7+CD45RO-), TCM (CCR7+CD45RO+), TEM (CCR7-CD45RO+) and TtEM (CCR7-

CD45RO-) after gating on CD4+ or CD8+T-cells from a representative R-WG patient and a sex- and age-
matched HC. The fraction of CD4+TEM is increased and the fraction of CD4+TNaive is decreased in this R-WG 
patient as compared to HC, whereas no differences are seen within CD8+T-cell subpopulations. (C) 
Percentages of TNaive, TCM, TEM, and TtEM subpopulations within the CD4+T-cells (left) and CD8+T-cells (right). 
(D) Ratios of the absolute counts, both for CD4+ and CD8+T-cell subpopulations, of total memory/TNaive, 
TEM/TCM, and TEM/TNaive. The open symbols within the patients groups represent localized disease, and the 
solid symbols represent generalized WG. Bars represent mean percentage. The P-values were calculated 
using the nonparametric Mann-Whitney U-test. 
 
 

A B 

C 

D 

 
 P<0.0001  P= 0.001                                                            P<0.0001  P= 0.001  
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Increased effector memory and decreased naïve CD4+T-cells in WG-
patients in remission 
  

To address the question whether the increase in memory T-cells is 
accompanied by a reciprocal decrease in naïve T-cells and to define the 
phenotype of the expanded memory T-cell population, we analyzed the 
percentages of naïve T-cells (TNaive) and the two memory subsets (TCM and 
TEM) of CD4+ and CD8+T-cells as based on the expression of CCR7 and 
CD45RO. Naïve (CD45RO-) and central memory (CD45RO+) T-cells are 
positive for CCR7, whereas effector memory (CD45RO+) T-cells lack CCR7 
expression. 

Within the CD4+T-cell population, R-WG-patients had a significantly 
lower percentage of CD45RO-CCR7+Tnaive cells, and a significant increase in 
the percentage of CD45RO+CCR7-TEM cells as compared to the control 
group (Figure 1B and C). In contrast, the percentages of 
CD45RO+CCR7+TCM and CD45RO-CCR7- terminally differentiated effector 
memory T-cells (TtEM) in R-WG-patients did not differ from that in HC. No 
significant differences were found in the CD4+T-cell subpopulations between 
A-WG-patients and HC (Figure 1C). The percentages of CD8+T-cell 
subpopulations from either A-WG-patients or R-WG-patients did not differ 
from that in HC.  

Next, we assessed whether the absolute counts of T-cell 
subpopulations, in addition to their proportions, reflect the same disturbance 
in CD4+T-cell homeostasis. As lymphopenia is not infrequent in WG-
patients, we compared ratios of absolute counts of lymphocyte 
subpopulations between R-WG- and A-WG-patients and HC. When 
cytometry data were expressed as absolute number, R-WG-patients 
exhibited a significant increase in total memory/TNaive, TEM/TCM, and 
TEM/TNaive ratios of CD4+T-cells compared to A-WG-patients and HC (Figure 
1D). In contrast, no differences were observed in the same ratios within 
CD8+T-cells between either patients with A-WG and R-WG, or between 
patient groups and healthy individuals.  

Furthermore, no differences were found in T-cell subpopulations 
between localized and generalized disease (Figure 1) or between ANCA-
positive patients or ANCA-negative patients at the moment of sampling 
(data not shown). 
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Longitudinal studies of the expanded CD4+TEM cells 
  

To assess intra-individual variation in CD4+TEM cells over time, the 
relative percentages of TEM and the ratios of the absolute numbers of 
TEM/TNaive were reanalyzed after a period of 15 ±2 months in 5 patients who 
remained in remission and in 5 age-matched HCs (Figure 2). Neither R-WG-
patients nor HCs showed significant changes in CD4+TEM over time. In 
addition, we analyzed CD4+TEM in paired samples from WG-patients during 
active disease and during remission. As shown in figure 2, the percentages 
of TEM and the ratios of the absolute counts of TEM/TNaive in 6 patients were 
significantly higher during remission than in active disease. 
 
 

Figure 2:  Longitudinal analysis of CD4+TEM in WG-patients and HCs. 
Percentages (A) of CD4+TEM and ratios of absolute counts (B) of CD4+TEM/TNaive were analyzed at two 
time points, 15±2 months apart, in HCs (n=5) and in R-WG-patients during stable remission (n=5) as 
well as in patients during active disease and remission (n=6). Horizontal lines represent the median 
values. The P-values were calculated using the Wilcoxon matched-pairs test. 

 
 
Increase in CD4+TEM cells during remission is not owing to increase in 
regulatory T-cells 
 

It has been found that a subset of regulatory T-cells (TRegs) display a 
TEM phenotype28. This observation attempted us to dissect whether the 
increased CD4+TEM cells in R-WG-patients are TReg cells. To this end, we 
examined the expression of FoxP3, the most accurate marker of TReg 
cells29;30, in CD4+TEM cells from WG-patients and age-matched HCs (Figure 
3A). Although the percentages of FoxP3+CD4+TEM were slightly increased in 
R-WG-patients compared to HC, percentages of FoxP3-CD4+TEM were even 
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more increased in R-WG-patients compared to HCs. As a result the ratios of 
FoxP3-CD4+TEM/FoxP3+CD4+TEM did not differ between R-WG-patients and 
HCs, indicating that there is not a selective increase of FoxP3+ cells within 
the CD4+TEM subpopulation. In A-WG-patients, percentages of 
FoxP3+CD4+TEM were not lower than in R-WG. However, percentages of 
FoxP3-CD4+TEM were higher during remission, although the ratios of FoxP3-

CD4+TEM/FoxP3+CD4+TEM did not differ between A-WG and R-WG (Figure 
3A and B). These data indicate that the increase in CD4+TEM during 
remission is not owing to an enrichment of TReg cells. 
 
 

Figure 3: Circulating FoxP3+TEM and FoxP3-TEM among CD4+T-cells in WG-patients and HCs. 
Percentages of FoxP3-positive and FoxP3-negative CD4+TEM cells (A), and the ratios of FoxP3-

CD4+TEM/FoxP3+CD4+TEM (B) in WG-patients in remission (R-WG, n=5), patients with active WG (A-WG, 
n=5), and age-matched HCs (n=5). FoxP3 expression was determined using an intracellular staining 
procedure on PBMCs and data were analysed on FACS-Calibur. Horizontal lines represent median values, 
and P-values were calculated using the nonparametric Mann-Whitney U-test. 
 
 
Skewing in CD4+TCM towards Th1 and modulation in CD4+TEM towards 
Th2 in peripheral blood of WG-patients 
  

To elucidate the functional role of CD4+T-cells in WG-patients, we 
determined the percentages of Th1 and Th2 cells by analyzing the 
expression of Th1-associated IL-18Rα and Th2-associated ST2L surface 
markers22. We have analyzed the accuracy of these two markers to 
distinguish between Th1 and Th2 cells by studying the cytokine profile of 
CD4+IL-18Rα+ and CD4+ST2L+ sorted cells. IL-18Rα+ cells were 
predominantly interferon (IFN)γ-producing cells and were negative for IL-4, 



Effector T-cells in Wegener’s granulomatosis 

 41 

whereas ST2L+ cells were IL-4-producing cells and were negative for IFNγ 
(data not shown) analogous to data of Chan et al.22. 

As compared to the control group, the percentages of IL-
18Rα+CD4+T-cells (Th1) were significantly elevated in A-WG-patients and 
R-WG-patients, whereas no differences were seen in the percentages of 
ST2L+CD4+T-cells (Th2) (Figure 4A). Next, we studied Th1- and Th2- 
phenotypic markers of effector- and central memory CD4+T-cells (Figure 
4B). In line with previous finding31, the majority of CD4+ memory T-cells 
were neither Th1 nor Th2 cells. A significant increase was observed in the 
percentage of Th2- effector memory cells (Th2EM) in R-WG-patients but not 
in A-WG-patients when compared to HC, whereas percentages of Th1-
effector memory cells (Th1EM) did not differ. Percentages of Th1-central 
memory cells (Th1CM) were increased in A-WG-patients and R-WG-patients, 
whereas no difference was seen in the percentage of Th2-central memory 
cells (Th2CM) between patients and HC. No differences were found between 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 4: Cell surface expression of IL-18Rα and ST2L markers.  
Expression of IL-18Rα and ST2L on (A) total CD4+T-cells and (B) CD4 central (TCM) and effector (TEM) 
memory T-cells in peripheral blood of WG-patients in remission (R-WG), active WG-patients (A-WG), 
and healthy controls (HC). Horizontal lines represent mean percentage. The open symbols within the 
patients group represent localized disease, and the solid symbols represent generalized WG. The P-
values were calculated using the nonparametric Mann-Whitney U-test 

A 

B 
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patients with localized and generalized WG (Figure 4A and B) or between 
ANCA-positive and ANCA-negative patients at the time of sampling with 
respect to Th1- and Th2- profiles, both in CD4+TCM and CD4+TEM cell 
population (data not shown). 
 
 
Therapy and the imbalance in CD4+T-cell subpopulations and Th1/Th2 
skewing in R-WG-patients 
  

To address the question whether current treatment influences the 
imbalance in CD4+T-cell subpopulations, the R-WG-patients group was 
separated into untreated (n=29) and treated patients (n=11), and the 
percentages of the CD4+T-cell subpopulations and Th1/Th2 subsets were 
compared. No significant differences were found between the treated and 
untreated group (Table 3). It seems, therefore, that current treatment is not 
responsible for imbalances and Th1/Th2 skewing within the CD4+T-cell 
subpopulations. 

Also, we analyzed whether distribution of T-cell subsets was 
influenced by the absolute numbers of lymphocytes. No relation was found 
between any of the phenotypically defined lymphocyte subsets and absolute 
lymphocyte counts (data not shown). 
 
 

Table 3: Comparison of CD4+ T-cell subpopulations, and Th1/Th2 subsets in 
untreated and treated WG-patients in remission. 

 

 Untreated R-WG (n= 29) Treated R-WG (n= 11) P 

% TNaive  (CD4+CD45RO-CCR7+) 20.27 ± 2.45 21.85 ± 4.11 NS 
% TCM    (CD4+CD45RO+CCR7+) 28.05 ± 1.47 29.87 ± 2.12 NS 
% TEM    (CD4+CD45RO+CCR7-) 46.00 ± 2.76 41.28 ± 3.22 NS 
% TtEM   (CD4+CD45RO-CCR7-) 
% Th1EM (CD4+IL-18Rα+TEM) 
% Th1CM (CD4+IL-18Rα+TCM) 

% Th2EM (CD4+ST2L+TEM) 
% Th2CM (CD4+ST2L+TCM) 

5.68 ± 0.93 
13.28 ±1.48 
4.99 ±0.4 

1.17 ±0.08% 
1.04 ±0.08 

6.99 ± 2.07 
9.94 ±1.15 
6.06 ±1.07 
1.17 ±0.15 
0.96 ±0.1 

NS 
NS 
NS 
NS 
NS 

 

NS, nonsignificant; P, level of significance; R-WG, WG-patients in remission; TCM, central memory T-
cells; TEM, effector memory T-cells; TtEM, terminally differentiated effector memory T-cells; TNaive, naïve 
T-cells; Th, T-helper cells. 

Nine of the patients were treated with azathioprine, one patient with cyclophosphamide, and one 
patient received cyclophosphamide with a low-dose of prednisolone. Values expressed as mean 
percentage ± SD. 
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CD4+T-cell subpopulations in R-WG-patients correlate with age but not 
with disease duration or relapses 
  

It has been reported that memory T-cells increase with age32. 
However, changes in the distribution between central and effector memory 
and naïve T-cells in relation to age have not been reported. We found a 
significant negative correlation between the percentages of naive CD4+T-
cells and age in WG-patients in remission (P=0.0003, r2=0.3) (Figure 5A). 
Conversely, a positive significant correlation was found between age and 
the percentage of CD4+TEM cells in the same patient group (P=0.002, 
r2=0.22). No such correlations were detected in HC (Figure 5B). The 
percentage of central memory CD4+T-cells did not correlate with age in 
either patients or HC. We did not find a significant correlation between CD4+ 
T-cell subpopulations and disease duration or number of relapses in R-WG-
patients (data not shown). 

 
 

 
Figure 5: Correlation between age (in years) and the percentage of CD4+TNaive, TCM, and TEM 
cell subpopulations. (A) CD4+TEM cells increase significantly, whereas CD4+TNaive cells show a 
significant decrease with age in WG-patients in remission. (B) No such correlations are seen in 
healthy individuals. The r2 and P-values were calculated using linear regression. 
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Discussion 
 

The present study demonstrates a skewed phenotype of circulating 
CD4+T-cell subpopulations in R-WG-patients, resulting in relative increase in 
CD4+TEM cells with a concomitant decrease in CD4+TNaive cells. In addition, 
the expanded CD4+TEM cells were mostly FoxP3-negative and skewed 
towards a Th2 phenotype. The persistent expansion of CD4+TEM at the cost 
of a reciprocal reduction in naive CD4+T-cells in the peripheral blood of R-
WG-patients may result from a persistent antigenic stimulus and may point 
to the presence of an ongoing immunological stimulus as the basis for the 
frequent relapsing course of WG. To our knowledge, this is the first report 
demonstrating a shift from naïve towards CD4+TEM cells in WG-patients. 

Activation and differentiation of CD4+TNaive cells towards TEM cells is 
dependent on the strength of the antigenic stimulation. CD4+TNaive cells that 
receive a weak stimulus proliferate to a TCM pool, whereas priming by a 
strong stimulus results in differentiation towards TEM cells33;34. In addition, 
persistence of an immune trigger is required to maintain CD4+TEM but not 
CD4+TCM cells35. This may indicate that the expanded CD4+TEM cell 
population in WG is generated via a strong and persistent antigenic trigger 
of naïve T-cells. Likewise, these data are in line with the observation that in 
many patients with WG markers of ongoing T-cell activation are present 
during disease remission14. As myelin-specific T-cells from multiple sclerosis 
patients exhibit a TEM-phenotype36 and the latter cells induce experimental 
autoimmune encephalomyelitis (EAE) via passive transfer from diseased 
rats into naïve rats37, it is tempting to speculate that also in WG, the size of 
the persistent CD4+TEM pool may be related to the extent of the disease or 
the propensity to relapse. This has also been suggested for persistent 
memory T-cells in polymyositis and in an animal model for psoriasis38;39.  

Based on our results (Table 3), it is highly unlikely that the observed 
skewing towards the CD4+TEM is owing to previous exposure to 
immunosuppressive medication, as the skewed phenotype did not correlate 
with disease duration or number of relapses. These data also suggest that 
the antigenic stimuli responsible for the expanded CD4+TEM pool are present 
irrespective of disease activity. As memory T-cells increase with age32, we 
also examined the impact of age on the skewed phenotype of circulating 
CD4+T-cells. Interestingly, CD4+TNaive cells decreased significantly, whereas 
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CD4+TEM showed a significant increase with age in R-WG-patients, in 
contrast to HC. Although our group of HC had the same age distribution as 
our patient group, the control group was rather small, which may have 
obscured a relation between age and memory T-cells in the latter group. On 
the other hand, HCs may lack a chronic (auto)-immunogenic stimulus 
responsible for the production of CD4+TEM present in WG-patients. 

Very recently, it was shown that TRegs may display a TEM-like 
phenotype and that these TRegs are the most potent suppressors of 
inflammatory processes in disease models28. If this were the case in WG, 
one may argue that the increased CD4+TEM-pool in WG-patients might be 
responsible for maintaining remission. To investigate this possibility, FoxP3-
expression was assessed in CD4+TEM cells. However, no significant 
difference was observed in the percentages of FoxP3+CD4+TEM between R-
WG-patients and patients with A-WG. Thus, the increase in CD4+TEM during 
remission cannot be explained by increase in TRegs.  

Both our cross-sectional and follow-up data demonstrate that levels 
of circulating CD4+TEM in A-WG-patients are significantly lower than in R-
WG-patients, and the majority of these CD4+TEM were negative for FoxP3. A 
decrease in FoxP3-CD4+TEM cells may have occurred in A-WG-patients 
owing to migration of those cells into sites of inflammation during active 
disease. Factors triggering initial disease and relapse are presently 
unknown but may be local events resulting in local upregulation of adhesion 
molecules and chemokine receptors for CD4+TEM cells mediating their 
migration. Indeed, in active pulmonary lesions in patients with WG, CD4+T-
cells with a memory phenotype were observed17. In addition, CD4+CD28-T-
cells with a memory phenotype have been found enriched in granulomatous 
lesions of the respiratory tract and bronchoalveolar lavage fluid in A-WG40. 
Studies in mice and humans have confirmed an important role for CD4+T-
cells in initiating and maintaining granuloma formation41;42. Furthermore, 
enrichment of CD4+TEM cells was demonstrated in synovial fluid of patients 
with juvenile idiopathic arthritis and in renal biopsy specimens of patients 
with post-infectious glomerulonephritis, and also in skin lesions of patients 
with psoriasis43-45. So it is conceivable that the CD4+TEM cells in active 
disease have migrated towards the tissues.  

In an attempt to further elucidate the functional phenotype of 
circulating CD4+T-cells in WG-patients, we determined the expression of 
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Type1-associated IL-18Rα and Type2-associated ST2L surface markers on 
circulating CD4+ memory T-cells. A previous report on the expression of 
chemokine receptors associated with Th1 and Th2 cells in healthy 
individuals demonstrated that 77% of circulating CD4+

 memory T-cells are 
unable to produce Th1 or Th2 cytokines31. Consistent with this, we found 
that only a minority of circulating CD4+ memory T-cells expressed IL-18Rα 
or ST2L. In accordance with previous reports46;47 we found an increase in 
circulating Th1-cells (IL-18Rα+CD4+T-cells) in WG-patients. In contrast with 
data of others48;49, we observed a skewing towards Th2 in the TEM cell 
population in R-WG-patients only, whereas the TCM cells skewed towards 
Th1 cells in both A-WG-patients and R-WG-patients. Disappearance of 
Th2EM skewing in A-WG-patients may result from migration of Th2EM cells 
into sites of inflammation. Although, percentages of Th2EM cells in ANCA-
positive patients were slightly, but not significantly, higher than in ANCA-
negative patients, CD4+TEM cells might be implicated in humoral immunity 
and ANCA production. On the other hand, it has been reported that 
proteinase-3 (PR3) and myeloperoxidase (MPO), the main target antigens 
of ANCA, induce a Th2 skewed cytokine pattern in R-WG-patients50. In 
addition, Balding et al. have demonstrated a Th2 response in nasal mucosa 
in A-WG16. Furthermore, stimulation of PBMC from WG-patients with 
Staphylococcus aureus induced a Th2 cytokine profile51, and chronic nasal 
carriage of S. aureus has been reported to be a strong risk factor for relapse 
in WG and to be associated with ANCA positivity20. These latter findings 
support the hypothesis that the expansion of Th2EM that we found in R-WG-
patients may result from stimulation with super-antigens, as can be derived 
from S. aureus, or with the auto-antigens PR3 or MPO.  

In conclusion, the data presented demonstrate an increase in the 
percentage of non-regulatory CD4+TEM cells with a reciprocal decrease in 
CD4+TNaive cells in conjunction with a skewing towards Th2EM in the 
peripheral blood of R-WG-patients. This suggests a persistent immune 
response, also during inactive disease, towards an as yet unknown 
antigenic stimulus. The FoxP3-CD4+TEM cells probably migrate to the site of 
inflammation once disease activity occurs and the persistence of the 
CD4+TEM pool may underlie the remitting course of this disease. 
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Abstract 
 

 Objective: Circulating effector memory CD4+T-cells (CD4+TEM) are 
proportionally increased in patients with PR3-ANCA-associated vasculitis 
(PR3-AAV) in remission and decrease during active disease, which 
presumably reflects their migration towards inflammatory sites. Since renal 
infiltrating cells may appear in urine, we investigated the presence of 
CD4+TEM cells in urinary sediment as a measure of renal disease activity in 
AAV. 
 Methods: CD4+TEM cells (CD45RO+CCR7-CD3+CD4+T-cells) were 
quantitated in urine and peripheral blood of AAV-patients with renal (n=27) 
and without renal (n=17) involvement, during remission (n=29) and active 
disease (n=15), using four-color flow cytometric analysis. Numbers and 
percentages of urine CD4+TEM cells in 8 AAV-patients with active renal 
disease were followed for several weeks during remission induction. 
 Results: A remarkable increase of urine CD4+TEM cell numbers was 
observed in AAV-patients with active renal disease compared to patients in 
remission and patients with active non-renal disease. Increased urine 
CD4+TEM cells in VVA-patients with active renal disease were accompanied 
by a reciprocal decrease in peripheral blood. Results from follow-up analysis 
showed a clear reduction in urine CD4+TEM cells following treatment. 
Moreover, a negative correlation was observed between percentages of 
circulating- and urine CD4+TEM cells, consistent with their migration towards 
inflammatory sites. 
 Conclusion: The appearance of CD4+TEM cells in urine is an 
indication of renal involvement in AAV. Flow cytometry analysis of these 
cells in urine may be a useful tool for evaluating and monitoring renal 
disease activity in AAV-patients. 
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Introduction 
 

Anti-neutrophil cytoplasmic autoantibody (ANCA)-associated 
systemic vasculitis (AAV) constitutes a group of disorders characterized by 
necrotizing crescentic glomerulonephritis with systemic vasculitis 
predominantly affecting small vessels, and the presence of circulating ANCA 
that are specific for proteinase 3 (PR3) or myeloperoxidase (MPO)1-3. 
Considerable circumstantial evidence has accumulated that support a role 
of T-cells in the pathogenesis of AAV. The presence of T-cell infiltrates in 
vasculitic areas and granulomatous lesions together with the observation 
that remission can be induced in AAV-patients by anti T-cell treatment are 
consistent with T-cell mediated pathology in this disease4-8.  In support of 
this concept, we observed increased percentages of circulating CD4+ 
effector memory T-cells (CCR7-CD45RO+CD4+T-cells), as well as a defect 
in regulatory T-cell function in patients with PR3-AAV9-11. These cross-
sectional and follow-up studies in PR3-AAV-patients have demonstrated 
that levels of circulating CD4+ effector memory T-cells (CD4+TEM) in patients 
with active disease are significantly lower than in patients in remission9. We 
hypothesized that these cells migrate to inflammatory sites once the disease 
gets active. In agreement with this hypothesis, infiltrating T-cells in and 
around glomeruli of patients with ANCA-associated-glomerulonephritis were 
shown to consist mainly of effector memory T-cells12. These cells could 
appear in the urine of AAV-patients with active renal disease, and detection 
of urine CD4+TEM could provide a way for assessing active renal 
involvement in this disease.  

Several reports describe the detection of T-cells in urine from 
patients with postinfectious glomerulonephritis, active IgA nephropathy13, 
renal allograft rejection14, and lupus nephritis15. Numbers of urinary 
mononuclear cells correlated with the clinical stage in IgA nephropathy and 
with acute rejection in renal allograft recipients13;14. In addition, numbers of 
urinary T cells were markedly elevated in patients with active lupus and 
correlated with renal disease activity15. Thus, detection of T-cells in urine 
may reflect renal disease severity.   

The present study, therefore, was designed to investigate the 
presence of CD4+TEM cells in urinary sediment as a measure of renal 
disease activity in patients with AAV. To this end, CD4+TEM cells were 
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quantitated by 4-color flow-cytometry analysis in urine and blood samples 
from AAV-patients with or without renal involvement, and the absolute 
counts of these cells were also determined during active disease and at 
several time points after starting treatment.  
 
 
Materials and Methods 
 
Study population 
 

Forty-four patients with AAV (table 1) (25 males, 19 females, mean 
age 55 years, median age 57 years, range 27-80 years) were enrolled in 
this study. All patients were or had been ANCA-positive at the moment of 
diagnosis, 33 with PR3-ANCA, and 11 with MPO-ANCA. Disease activity 
was assessed for all patients at the time of sampling using the Birmingham 
vasculitis activity score (BVAS)16. Remission was defined as the complete 
absence of clinical signs and symptoms of active vasculitis as indicated by a 
BVAS of 0. Relapse of the disease was defined based on the presence of 
clinical and laboratory signs of inflammation and new or worsening clinical 
manifestations of vasculitis leading to renewed or intensified 
immunosuppressive therapy. Renal involvement was defined as an active 
urinary sediment with glomerular erythrocyturia and/or erythrocyte casts with 
an increase in serum creatinine and/or reduction in creatinine clearance or a 
renal biopsy showing pauci-immune necrotizing glomerulonephritis. 

According to these criteria, we recruited four groups of AAV-
patients: patients with renal involvement in remission (rR-AAV, n=17), 
patients without renal involvement in remission (non rR-AAV, n=12), 
patients with active disease and renal involvement (rA-AAV, n=10), and 
patients with active disease without renal involvement (non rA-AAV, n=5). 
None of the patients experienced an infection at the time of sampling. Urine 
and blood samples were collected and the percentages and absolute counts 
of CD4+TEM cells were assessed immediately after sampling by four-color 
flow cytometry. Analysis of CD4+TEM cells in urine and blood was repeated 
in 8 rA-AAV-patients for up to several weeks after the initial evaluation. All 
patients provided informed consent. The main clinical and laboratory data of 
the patients are summarized in Table 1. 
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Table 1: Clinical and laboratory characteristics of AAV-patients at the time of blood and 
urine sampling* 

 
 * ANCA, antineutrophil cytoplasmic antibody; AAV, ANCA-associated vasculitis; BVAS, Birmingham 

vasculitis activity score; hpf, high power microscopic field; non rA-AAV, patients with active disease 
without renal involvement; non rR-AAV, patients without renal involvement in remission; rA-AAV, patients 
with active disease and renal involvement, rR-AAV, patients with renal involvement in remission. 

§ Patients who were ANCA positive or negative at the time of analysis. 
£ Percentage of dysmorphic erythrocytes assessed when ≥5 erythrocytes/hpf were present.  
& In all 5 patients in whom a renal biopsy was performed, a necrotizing pauci-immune glomerulonephritis 

was found. 
 
 
Antibodies 
 

The following antibodies were used in flow cytometry: phycoerythrin 
(PE)-conjugated anti-CCR7, fluorescein (FITC)-conjugated anti-CD45RO, 
peridin-chlorophyll (PerCP)-conjugated anti-CD4, allophycocyanin (APC)-
conjugated anti-CD3, multiTESTTMfour-color antibodies (CD3 FITC, CD8 
PE, CD45 PerCP, and CD4 APC), and isotype matched control antibodies 
of irrelevant specificity. All were purchased from Becton-Dickinson 
(Amsterdam, The Netherlands). 
 
 
Sample preparation and flow cytometry 
 

Immediately after voiding, 100mL of urine was diluted 1:1 with cold 
phosphate-buffered saline (PBS) and centrifuged at 1800 rpm for 15 
minutes. The supernatant was removed and the sediment was resuspended 
in 10mL of PBS. 50 μL of the cell suspension was used for quantitative 
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measurement by TrueCount tube (see later), whereas mononuclear cells 
were isolated from the remaining cell suspension by density-gradient 
centrifugation on Lymphoprep (Axis-Shield PoC AS, Oslo, Norway). Next, 
mononuclear cells were resuspended in wash-buffer (1% BSA in PBS) and 
mixed with appropriate concentrations of anti-CD45RO-FITC, anti-CCR7-
PE, anti-CD4-PerCP, and anti-CD3-APC for 15 minutes at room 
temperature in the dark. Isotype-matched non-specific antibodies were used 
as negative controls.  In parallel, blood samples were labeled with the 
aforementioned monoclonal antibodies. Afterwards, cells were successively 
treated with 2mL diluted FACS lysing solution (Becton & Dickinson) for 10 
minutes and samples were washed twice in wash-buffer and immediately 
analyzed by flow cytometry. Four-color staining was analyzed on FACS-
Calibur (Becton & Dickinson) and data were collected for 105 events for 
each sample and plotted using Win-List software package (Verity Software 
House Inc., ME, USA). Positively and negatively stained populations were 
calculated by quadrant dot-plot analysis, as determined by the isotype 
controls. 
 
 
Quantification of CD4+ effector memory T-cells 
  

CD4+T cells were quantified in urine using TruCOUNTTM Tubes 
(Becton & Dickinson). In brief, 20 µl of MultiTESTTM four-color antibodies 
(CD3 FITC, CD8 PE, CD45 PerCP, and CD4 APC) and 50 µl of sample 
(urine or blood) were added to bead-containing TruCOUNTTM tubes. Tubes 
were incubated for 15 min at room temperature and 450 µl of 1X FACS 
lysing solution was added. The intensity of the fluorescence was measured 
using a FACS-Calibur flow cytometer and analysis was performed using 
CELL-Quest software (Becton & Dickinson). The bead population and the 
CD45 lymphocyte versus side scatter population were manually gated and 
the absolute number of CD3+CD4+T cells was determined by comparing 
cellular events to beads events. Afterwards, the absolute counts for 
CD4+TEM cells in 1mL urine were calculated using the following formula: 
 
Numbers of CD4+TEM cell/mL urine =  
 
numbers of CD4+T-cell/mL sample  x  volume of urine cell suspension after the first wash [=10mL]   x  %CD4+TEM in urine 
                     Total volume of collected urine  [=100mL] 
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In order to correct for variation in urine dilution, the quantitative 
results of urine CD4+TEM cells were also expressed as ratios to urine 
creatinine concentration. 
 
 
Microscopic examination of urine sediment 
 

 Ten milliliters of freshly voided urine was centrifuged for 10 min at 
1500g. After centrifugation, 9.5 ml of the supernatant was aspirated and the 
urine sediment was resuspended in the remaining 0.5 ml. One drop of the 
resuspended sediment was transferred to a microscope glass slide and 
covered by an 18 x 18 mm cover and immediately examined at 100X and 
400X magnification by a trained nephrologist (C.A.S). The number of 
erythrocytes per field at 400X magnification was recorded and when 5 or 
more erythrocytes per field were present, the percentage of dysmorphic 
erythrocytes was assessed by differentiating at least 100 erythrocytes. In 
addition, the presence or absence of erythrocyte casts was recorded. Urine 
sediment reflected active glomerular disease if (1) at least 5 erythrocytes 
per microscopic field at 400X magnification were presented, and (2) at least 
40% of erythrocytes were dysmorphic in combination with the presence of 
acanthocytes and/or erythrocyt casts. All urine sediments were examined 
within 2 hours of voiding.   
 
 
Statistical analysis 
  

Results are presented as the mean ±SD and the nonparametric 
Mann-Whitney U-test was used for comparison of values between groups. 
Correlation was assessed using Spearman’s rank correlation coefficient. 
Two-tailed P-values less than 0.05 were regarded as statistically significant.  
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Results 
 
Urine CD4+TEM cells are increased and circulating CD4+TEM cells 
decreased in AAV-patients with active renal disease 
 

 First, we determined the absolute numbers of CD4+TEM cells in urine 
of AAV-patients with or without renal involvement during remission and 
active disease. The number of urine CD4+TEM cells was significantly 
increased in AAV-patients with active renal disease when compared to 
either AAV-patients in remission (with or without renal involvement) or those 
with active non-renal disease (Figure 1A). In order to take into account the 
varying degree of urine dilution, data were also expressed as the ratio of 
CD4+TEM cell numbers (cells/mL) to urine creatinine concentration 
(µmol/mL). The differences in CD4+TEM cells, between patient groups, after 
correction for creatinine concentration (Figure 1B), were similar to those 
presented without correction (Figure 1A). Further, to address the question 
whether the decrease in circulating CD4+TEM cells in patient with active AVV 
is accompanied by a reciprocal increase of CD4+TEM cells at the site of 
inflammation, we examined percentages of CD4+TEM cells in peripheral 
blood and urine in AAV-patient groups. AAV-patients with active renal 
involvement exhibited a significant increase in percentages of CD4+TEM cells 
in urine as compared to both AAV-patients in remission (with or without 
renal involvement) and AAV-patients with active non-renal disease (Figure 
1C). In contrast, we observed lower percentages of CD4+TEM cells in 
peripheral blood from AAV-patients with active renal disease when 
compared to those who were in remission (Figure 1D). Thus, decreased 
circulating CD4+TEM cells in VVA-patients with active renal involvement are 
accompanied by their reciprocal increase in urine. 
 
 
Quantification of urine CD4+TEM cells is a useful tool for monitoring 
disease activity in AAV-patients with renal involvement 
  

Since urine CD4+TEM cells were increased in AAV-patients with 
active renal disease compared to AAV-patients in remission, we questioned 
whether changes in urine CD4+TEM cells occurred during induction of 
remission. To this end, we analyzed absolute numbers of urine CD4+TEM in  
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Figure 1: CD4+TEM cells in urine and peripheral blood in AAV-patients.  
Absolute counts of urine CD4+TEM cells (A), ratios to urine creatinine concentration (B), and percentages 
of CD4+TEM cells in urine (C) and peripheral blood (D) in AAV-patients without renal involvement in 
remission (non rR-AAV, n=12), AAV-patients with renal involvement in remission (rR-AVV, n=17), active 
AAV-patients without renal disease (non rA-AAV, n=5), and active AAV-patients with renal disease (rA-
AAV, n=10). Flow cytometry was performed as described in Materials and Methods. Horizontal lines show 
mean values. P values were determined by nonparametric Mann-Whitney U test. 

 
 
8 patients at the time of active renal disease and at several time points 
during remission induction therapy. Results were corrected for urine 
creatinine concentration. As shown in figure 2, ratios of urine CD4+TEM cells 
/ urine creatinine concentration in AAV-patients clearly decreased during 
treatment and were lower during remission induction as compared to that in 
the active phase of the disease. In 6 AAV-patients, the number of urine 
CD4+TEM cells decreased coinciding with a drop in the level of serum 
creatinine. Further analysis showed that the presence of high numbers of 
CD4+TEM cells in urine was associated with active glomerular disease as 
assessed by microscopic urine sediment analysis. These results reflect a 
link between numbers of urine CD4+TEM cells and the activity of renal 
disease in patients with AAV.      
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Figure 2: Longitudinal follow-up of urine CD4+TEM cell (solid circles) and serum creatinine (open 
circles) in 8 AAV-patients at the time of disease flare and at several weeks following treatment.  
Left ordinate show the number of urine CD4+TEM cells (cell/mL) divided by renal creatinine (μMol/mL) 
and the right ordinate show the concentration of serum creatinine (μMol/L). The abscissae show 
intervals in weeks. The plus and minus symbols used to represent the active- and inactive urinary 
sediment, respectively, defined by microscopic examination as described in Materials & Methods. 
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Negative correlation between urine- and peripheral blood CD4+TEM 
cells in AAV-patients 
 

To further support the hypothesis that decreased proportions of 
circulating CD4+TEM cells in AAV-patients with active renal disease were the 
result of increased migration of these cells towards areas of inflammation, 
we assessed the relationship between their percentages in peripheral blood 
and urine in the 8 patients included in the longitudinal study (Figure 3). We 
observed a significant negative correlation between the percentages of 
urine CD4+TEM cells and circulating CD4+TEM (R = -0.40, p = 0.003). These 
results are in line with the hypothesis that reduced circulating CD4+TEM cells 
in AAV-patients with active disease occur due to their migration towards 
sites of inflammation. 
 
 

 
Figure 3: Correlation between the percentages of CD4+TEM cells in urine and 
their percentages in peripheral blood from 8 AAV-patients during the follow-
up period. Spearman rank correlation coefficients (R) and P values are given. 

 
 



Chapter 4 

 62 

Discussion 
 

In this report we describe an increase in urine CD4+ effector 
memory T-cells in concordance with a decrease in circulating CD4+TEM cells 
in AAV-patients with active renal disease. Elevated numbers of CD4+TEM 
cells in urine were associated with active renal disease as these numbers of 
CD4+TEM cells clearly decreased or disappeared during induction of 
remission. Thus, detection of CD4+TEM cells in urine seems to be associated 
with renal disease severity in patients with AAV. 

Numerous studies have demonstrated the involvement of CD4+TEM 
cells in the pathogenesis of autoimmune diseases. It has been shown that 
autoreactive T-cells in type-1 diabetes mellitus, multiple sclerosis, and 
rheumatoid arthritis are predominantly CD4+TEM cells17-20. These cells lack 
the chemokine receptor CCR7, which prevents their entry into lymphoid 
organs, but they express other chemokine receptors such as CCR5 and 
CCR3, along with selectins and adhesion molecules, which have a pivotal 
role in trafficking of these cells into inflammatory areas. Indeed, enrichment 
of these effector cells was demonstrated in synovial fluid of patients with 
rheumatoid arthritis or juvenile idiopathic arthritis, in skin lesions of patients 
with psoriasis, in infiltrates occurring in multiple sclerosis brain tissue, as 
well as in glomeruli and periglomerular interstitial lesions in patients with 
glomerulonephritis12;21;22. Our previous study on the distribution of circulating 
CD4+T-cell subpopulations in AAV-patients demonstrated a significant 
decrease in CD4+TEM cells during active disease compared to that in 
complete remission, which is consistent with increased migration of these 
cells to sites of inflammation once disease activity occurs9. Our current 
results extend these findings and strongly suggest an increase in the 
numbers of CD4+TEM cells in target organs such as the kidneys during active 
disease, and provide a plausible explanation for the observed decrease in 
circulating CD4+TEM cells in active AAV. 

Appearance of CD4+TEM cells in urine of AAV-patients may reflect 
cell-mediated immunity in the pathogenesis of renal lesions in this disease. 
It has recently become evident that CD4+TEM cells act as key effectors of 
tissue injury. Shiao and colleagues23 have demonstrated that adoptive 
transfer of human CD4+TEM cells into a SCID chimera model bearing human 
skin graft, results in infiltration of the graft and destruction of endothelial 
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cells in the graft. Likewise, a recent report demonstrates the contribution of 
effector CD4+T-cells to tissue injury in a model of MPO-ANCA-associated 
glomerulonephtritis24. In an experimental autoimmune anti-MPO 
glomerulonephritis mouse model, depletion of effector CD4+T-cells 
significantly reduced the development of crescentic glomerulonephritis and 
attenuated effector cell influx in glomeruli as compared with control-treated 
mice. This confirms the role of effector CD4+T-cells in renal injury in ANCA-
associated vasculitis. In agreement with these findings, the current study 
demonstrates higher numbers of urine CD4+TEM cells during active renal 
disease, whereas these cells clearly decreased or disappeared during 
remission. Importantly, levels of circulating CD4+TEM cells correlated 
negatively with their percentages in urine. These results support migration 
to and involvement of CD4+TEM cells in renal lesions in AAV. It could provide 
a new approach for assessing disease severity in AAV-patients with renal 
involvement. This approach has the advantage over a renal biopsy that it 
can be repeated as often as necessary and offers the opportunity for 
monitoring response to therapy. It is important to note that the design of our 
study did not include the immunohistochemistry analysis of renal biopsies. 
In addition, the number of patients in each study group was small. Owing to 
these limitations, further studies are required in order to strengthen our 
finding. 

Induction of tissue injury by CD4+TEM cells may require cell-cell 
contact with the targeted tissues. It has been shown previously that HLA-DR 
antigens are strongly expressed on renal vascular endothelial cells25. In 
addition, a recent report by Shiao et al.23 demonstrates that the target 
endothelial cells deliver costimulatory signals to CD4+TEM cells via 
interaction of LFA-3 (on endothelial cells) with CD2 (on CD4+TEM cells). 
Although the in vivo function of HLA-DR expression on endothelial cells has 
not been fully elucidated, antigen presentation by cultured human 
endothelial cells augments trans-endothelial migration of CD4+ memory T-
cells26. This suggests that endothelial cells are capable of mediating 
CD4+TEM cell activation and migration in an MHCII-dependent manner. 

On the other hand, CD4+TEM cells share phenotypic as well as 
functional features with natural killer cells (NK) which secrete cytolytic 
molecules, perforin and granzymes, and express killer receptors (NKRs) 
that serves as a co-stimulation molecule in the absence of CD28 to induce 
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cytotoxic activity27-29. It has been shown that triggering of stimulatory 
KIR2DS2 (a member of NKRs) on cytotoxic CD4+T-cells from patients with 
unstable angina induces cytotoxic activity and effectively kills endothelial 
cells in vitro in perforin-dependent way30. In addition, the cytotoxic 
molecules (perforin and granzymes) effectively induce morphological 
alteration as well as apoptosis of cultured endothelial cells and contribute to 
intimal thickening of vessels in cardiac transplants in mice31;32. Next to 
KIR2DS2, costimulation via NKG2D also enhances tissue destruction and 
inflammatory response. It was shown that CD4+NKG2D+T-cell clones from 
patients with Crohn's disease can kill targets that express major 
histocompatibility complex class I chain-related molecule A (MICA) via 
NKG2D-MICA interaction33. Based on these findings, it is possible that renal 
injury in AAV-patients occurs due to the cytotoxicity of CD4+TEM, but 
costimulatory triggering of these cells through NKRs must be present which 
is essential to achieve their cytotoxic function. Indeed, upregulation of MICA 
has been demonstrated in peritubular endothelium and glomerular epithelial 
cells of the kidney in AAV-patients during active disease, whereas no 
expression of MICA was observed in normal kidneys34. It is, therefore, 
possible that MICA induces the cytotoxicity of CD4+TEM cells in renal tissues 
in AAV-patients and may contribute to renal injury and disease progression. 
In this regard, further studies are needed to delineate the cytotoxicity of 
CD4+TEM cells in AAV. 

In summary, the current study demonstrates prominent increase of 
urine CD4+TEM cells in association with active renal disease in AAV. This 
finding, together with our previous observations, suggest that CD4+TEM cells 
migrate towards inflammatory sites and act as effector cells in renal injury in 
AAV-patients. Thus, detection of elevated urine CD4+TEM cells appears 
clinically useful for evaluating and monitoring renal disease activity in AAV-
patients. 
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Abstract 
 

 Breakdown of tolerance is a hallmark of autoimmune diseases. Over 
the past 10 years, there has been increased interest in the role of regulatory 
T-cells (TReg cells) in maintaining peripheral tolerance. Dysbalance in these 
cells is now believed to play a major role in the development of autoimmune 
diseases. In this review, we discuss development, classification, molecular 
characterization, and mechanisms of suppression of TReg cells. In addition, 
we describe recent data on their role in several systemic autoimmune 
diseases and discuss possible therapeutic applications. 
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Introduction 
 

One of the major challenges in immunology is the understanding of 
cellular and molecular mechanisms involved in the discrimination between 
pathogens and self. Thymic clonal deletion and induction of anergy or 
apoptosis of self-reactive T-cells upon exposure to self-antigen have been 
considered as major mechanisms maintaining self tolerance. Nevertheless, 
autoreactive T-cells may escape these mechanisms and can be detected in 
the peripheral blood of most individuals1. Autoimmunity, however, manifests 
in only 5% of the general population, suggesting the existence of other 
control mechanisms to prevent autoimmune responses.  

The theory that T-cells are able to suppress immune responses was 
first described in the early 1970s by Gershon and Kondo2;3, but the precise 
phenotype of suppressor T-cells has remained unknown for almost 20 
years. In the mid 1990s, Sakaguchi and coworkers reintroduced the 
paradigm of T-cell-mediated self-tolerance by identifying a subset of 
peripheral CD4+T-cells expressing the interleukin (IL)-2 receptor α-chain 
(CD25), which was shown critical for preventing autoimmunity4. They 
showed that adoptive transfer of CD4+T-cells depleted of CD25+T-cells from 
normal mice into syngeneic athymic nude mice induced spontaneous 
development of multi-organ autoimmune disease in the recipients whereas 
disease development was prevented by co-transfer of CD25+CD4+T-cells 
together with CD25-T-cells. This observation defined the primary phenotype 
of suppressor T-cells, also termed regulatory T-cells (TReg cells) which 
represent approximately 5-10% of peripheral CD4+T-cells in mice. 
Subsequently, in vitro studies showed that human TReg cells constitute only 
those CD4+T-cells with the highest level of CD25 expression, and represent 
only 1-2% of circulating CD4+T-cells5. A decrease in frequency and/or 
impaired function of TReg cells has been observed in several autoimmune 
diseases in humans, which suggests a role of these cells in the 
pathogenesis of autoimmunity making them, therefore, an appropriate target 
for treatment. 
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Development and classification of TReg cells 
 

Several lines of evidence, based on studies in experimental 
animals, support the hypothesis that TReg cells are generated in the thymus. 
It has been observed that 5% of CD4+CD8- thymocytes express CD25. The 
frequency and functional characteristics of these lymphocyte derived cells 
are similar to cells with the same phenotype found in the peripheral blood6. 
As CD4+CD8- thymocytes depleted of CD25+ cells from mature mice 
produce a spectrum of autoimmune pathology when transferred into 
syngeneic athymic nude recipient mice, one might conclude that the normal 
thymus produces functionally mature CD25+CD4+T-cells capable of 
controlling autoimmune pathogenic T-cells6. In addition, mice deficient for 
MHC class II on their thymic cortical epithelium fail to develop 
CD4+CD25+TReg cells, suggesting that these cells are positively selected in 
the thymus7. However, the precise signals that promote CD4+CD25+ 
thymocyte development are unknown. Studies in transgenic animals favor a 
model of thymic selection somewhat distinct from classical positive and 
negative selection processes, in which thymocytes that develop into TReg 
cells express T-cell receptors (TCR) with  an affinity range to self-peptides 
higher than that of conventional CD4+CD25- T-cells but not high enough as 
to lead to their clonal deletion8;9. Signals provided by accessory molecules 
expressed on thymic stromal cells could also contribute to the generation of 
TReg cells10;11. Once generated, the thymic TReg cells are released into the 
circulation to prevent and control auto-reactive responses. These TReg cells 
are referred to as natural or innate regulatory T-cells (nTReg cells).   

In addition to nTReg cells, accumulating evidence suggests that 
another type of TReg cells arise from conventional naïve CD4+T-cells upon 
encountering of antigen in the periphery (figure 1). It has been shown that 
prolonged subcutaneous infusion of low doses of peptides and intravenous 
or oral administration of antigens convert naïve T-cells into antigen-specific 
CD4+CD25+TReg cells that can persist, even in the absence of antigen, and 
provide specific immunologic tolerance12;13. The TReg cells that develop 
extrathymically are termed induced TReg cells (iTReg cells). Generation of 
iTReg cells from naïve T-cells require antigenic stimulation in combination 
with exposure to TGFβ in the absence of IL-614. These iTReg cells are 
divided into 2 classes: T regulatory 1 (Tr1) and Th3 regulatory cells15-17. 
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Their suppressive effect is contact-independent and mainly mediated by the 
secretion of immunosuppressive cytokines, whereas nTReg cells act via a 
contact-dependent but cytokine-independent way. Tr1 cells produce high 
levels of IL-10 with or without TGFβ, and, unlike other TReg cells, lack the 
transcription factor FoxP3 (see later) and do not express high levels of 
CD2518. Functional studies have shown that Tr1 cells have 
immunosuppressive properties, mainly mediated by IL-1019;20. In contrast to 
Tr1 cells, the suppressive function of Th3 regulatory cells is mediated via 
their production of TGFβ21. In addition to these iTReg cell subsets, very recent 
data by Waever et al. indicate a third iTReg cell subset which is FoxP3+IL-10+ 
cells who arise in the periphery from FoxP3+ and FoxP3- thymic progenitors 
by a mechanism dependent on TGFβ and independent of IL-1022.   

Although the role of iTReg cells in controlling pathological immune 
responses has been described in mouse models, data relating to their role 
in human diseases are currently lacking. Therefore, we will focus in this 
review on the role of nTReg cells in human systemic autoimmune diseases.  
 
 
Molecular characterization of TReg cells 
 

A major advance in the understanding of nTReg cell function was the 
discovery of the uniquely expressed transcription factor FoxP3, which 
controls the development and function of TReg cells. The gene FoxP3, 
encoding the so-called Scurfin protein, was first identified as a mutated 
gene in the Scurfy mouse strain which is an X-linked recessive mouse 
mutant. This mutation leads to lethality of hemizygous males 16 to 25 days 
after birth in association with proliferation and infiltration of CD4+T-cells in 
combination with overproduction of cytokines by these cells23. Similarly, the 
mutated FoxP3 gene was identified in humans as a causative gene for the 
X-linked syndrome IPEX (immuno-dysregulation, polyendocrinopathy, 
enteropathy, X-linked syndrome)24-26. Further analysis revealed that both in 
scurfy mice and IPEX-patients TReg cells expressing CD4 and CD25 are 
lacking. Furthermore, retroviral transduction of naïve CD25-CD4+T-cells with 
FoxP3 can convert them into nTReg cells, both phenotypically and 
functionally27. These findings demonstrate the importance of FoxP3 as a 
master regulator of nTReg cell development and function. However, FoxP3 
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expression in human T-cells was not directly correlated with their 
suppressive capabilities and FoxP3 was shown to be expressed also in 
activated non-TReg cells and to be absent in Tr1 cells, indicating that FoxP3 
is not a unique marker to identify human TReg cells18;28. A recent paper by 
Kubach et al. identified galectin-10 as an intracellular protein expressed in 
human TReg cells that was specifically associated with their anergic state 
and suppressive properties29. Most importantly, this protein is not expressed 
in activated T-cells. So, galectin-10, rather than FoxP3, might constitute the 
most specific intracellular marker for TReg cells. 

Concerning the surface characteristics of TReg cells, a number of 
molecules have been reported to be constitutively expressed on TReg cells 
which include, in addition to CD25, the cytotoxic T-lymphocyte-associated 
antigen 4 (CTLA-4)30, lymphocyte activation gene 3 (LAG-3)31, 
glucocorticoid-induced tumor necrosis factor receptor (GITR)32, L-selectin 
(CD62L)33, integrin αEβ7 (CD103)34, CCR733, CCR435, CCR835, and 
Neuropilin-136. No surface marker was found to definitively distinguish TReg 
cells from conventional activated CD4+T-cells since the majority of the 
aforementioned surface markers are also expressed on activated T-cells. 
Finally, IL-7R (CD127) has recently been identified as a new biomarker to 
distinguish regulatory from activated effector T-cells37;38. TReg cells down-
regulate the expression of CD127 and its expression is inversely correlated 
with FoxP3 expression and suppressive function. This marker, therefore, is 
useful to isolate a highly purified population of TReg cells via cell sorting. In 
addition, a recent report demonstrates that nTReg cells constitutively express 
high amounts of folate receptor 4 (FR4)39. High expression of FR4 in 
combination with CD25 can specifically distinguish nTReg cells from effector 
or memory T-cells, and provides an additional strategy for sorting of nTReg 
cells. Taken together, despite expanding interest to define the phenotype of 
nTReg cells, the specific surface marker(s) that are instrumental in the 
contact-dependent suppressive mechanisms of nTReg cells have as yet 
remained elusive and await further studies (Table 1). 
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Table 1: Characteristics of natural and induced TReg cells. 

 

CTLA-4, cytotoxic T-lymphocyte-associated antigen-4; FR4, folate receptor 4; GITR, 
glucocorticoid induced tumor necrosis factor receptor; IL-2Rα, Interleukin-2 receptor alfa; LAG-
3, lymphocyte activation gene-3; nTReg, natural regulatory T-cells; TGF-β, Transforming growth 
factor-beta.; Th3, T-helper-3; Tr1, T-regulatory-1. 
 
 
Mechanisms of suppression by TReg cells 
 

Numerous in vitro studies have shown that TReg cells control the 
expansion of naïve T-cells, suppress the activation and cytokine production 
of effector cells30;40, and inhibit B-cell proliferation, immunoglobulin 
production, and class switch41;42. Multiple modes of action have been 
proposed for the suppressive function of TReg cells, including cell contact–
dependent (for nTReg cells) or cytokine-dependent mechanisms (for iTReg 
cells) (Figure 1). In vivo and in vitro studies have demonstrated that 
suppression is mediated by interaction between CTLA-4 and CD80/CD86 
(B7) on TReg cells and antigen presenting cells (APC), respectively. 
Blockade of CTLA-4 abrogates in vitro the suppressive function of TReg 

cells30. Furthermore, mice deficient for CTLA-4 or B7 develop severe 
autoimmunity43;44. Ligation of B7 on APC by CTLA-4 triggers induction of the 
enzyme indoleamine 2,3-dioxygenase (IDO) in APC which leads to 
tryptophan catabolism and deficiency in free tryptophan that is essential for 
activation of naïve T-cells. As a result, apoptosis of T-cells occurs in a 
tryptophan-deprived environment45. Since in vitro studies advert that TReg 
cells can function also in the absence of APCs, this IDO-dependent 
mechanism is only one of several suppressive mechanisms. 

Phenotype / Feature nTReg Tr1 Th3 

IL-2Rα (CD25) ++ +/- + 
FoxP3 + - + 
LAG-3 + ? ? 
GITR + - ? 
CTLA-4 + + + 
IL-10 - ++ +/- 
TGF-β +/- +/- ++ 
Galectin-10 (intracellular) + + + 
FR4 ++ ? ? 
Place of origin Thymus Periphery Periphery 
Specificity Self-antigen Foreign antigen Foreign antigen 
Mechanism of suppression Cell contact-dependent 

Cytokine-independent 
Cytokine-dependent 
Contact-independent 

Cytokine-dependent 
Contact-independent 
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Figure1: Overview of TReg cell subsets and the proposed mechanisms of suppression. 
Natural TReg cells (nTReg) and conventional naïve T-cells are generated from the thymus. 
Induced TReg cells (iTReg) arise from naïve T-cells, upon encounter with antigen in the 
periphery, induce suppression in a cytokine-dependent way and include 2 distinct subtypes: T-
regulatory-1 (Tr1) and T-helper-3 (Th3) cells, which secrete IL-10 and TGF-β, respectively. 
These immunosuppressive cytokines inhibit the activation and proliferation of effector cells. On 
the other hand, nTReg cells, which are specific for antigens present in the thymus, act in a cell 
contact-dependent way in the presence and absence of APC. nTReg cells can suppress effector 
cells by either reducing the antigen-presenting capacity of APC or by triggering indoleamine 
2,3-dioxygenase (IDO) activity in APC, resulting in the generation of suppressive metabolites. 
In addition, nTReg cells can interact directly with effector cells, even in the absence of APCs, to 
inhibit their activation or induce death of effector cells by release of cytotoxic factors. 

 
 
Recent data suggest that LAG-3 is a promising functional marker of 

TReg cells. LAG3 (also called CD223) is expressed on TReg cells and binds to 
major histocompatibility complex (MHC) class II molecules31. In the 
presence of antibodies against LAG3 TReg-induced suppression is 
abrogated, and transduction of LAG3 into naïve T-cells convert them into 
cells with suppressive activity31. Moreover, TReg cells from LAG3-deficient 
mice exhibit reduced regulatory activity in vitro31. These data imply that 
LAG3 is crucial in the contact-dependent suppression process of TReg cells 
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and may explain how TReg cells act in the absence of APC, as other cells 
also express MHC II molecules.  

Another model of TReg-mediated suppression suggests a cytotoxic 
mechanism by which TReg cells induce death of effector T-cells (Teff) via 
release of granzymes in a perforin- and Fas-independent way46;47. 
Accordingly, TReg cells from granzyme-B deficient mice showed a reduced 
capacity to suppress Teff proliferation. Otherwise, activated TReg cells were 
recently reported to suppress B-cell proliferation in vitro by inducing 
apoptosis of these cells via a granzyme-B-mediated kill mechanism in a 
perforin-dependent way48. This suggests involvement of granzyme-B in a 
cell contact-dependent kill mechanism. 

Whereas cell contact-dependent mechanisms are operative in nTReg 

cells, soluble factors such as IL-10 and TGFβ were found to play a key role 
in cell contact-independent suppression by Tr1 and Th3 cells, respectively. 
In vitro findings strongly suggest a role for these cytokines in preventing 
autoimmune reactions. It has been observed that IL-10 knockout mice 
spontaneously develop colitis, and moreover, TReg cells isolated from IL-10 
knockout mice lack the intrinsic capacity to protect immunodeficient mice 
from colitis49-51. In addition, treatment with anti-IL10 receptor antibodies 
accelerated graft rejection52. Similarly, TGFβ-deficient mice manifest a 
spontaneous autoimmune syndrome, whereas neutralizing antibodies to 
TGFβ abrogate TReg mediated suppression of inflammatory bowel disease 
(IBD)53-55.  

In addition to its effects in a soluble form via Tr1 cells, TGFβ is also 
operative as a surface-bound protein on nTReg cells. It has been shown that 
FoxP3+ nTReg cells suppress T-cell autoimmunity in nonobese diabetic 
(NOD) mice in a TGFβ-dependent way56. Surface-bound TGFβ induces 
suppression through TGFβ–TGFβR interaction between the nTReg cell and 
the autoaggressive cell42. This has established TGFβ as an additional 
instrument for suppression by nTReg cells. In agreement, blockade of cell-
surface TGFβ disrupts the suppressive function of nTReg cells42.   

In addition to the aforementioned mechanisms, recent data show 
that intracellular galectin-10 is involved in the suppressive action and anergy 
of TReg cells, as knocking-down of galectin-10 in human CD25+CD4+T-cells 
abrogates their suppressive activity and reverses the hypo-responsiveness 
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of TReg cells in vitro29. Finally, it has been demonstrated that the inhibitory 
cytokine IL-35 is produced by TReg cells and contributes to their suppressive 
activity57;58.     

In summery, although many data have been collected on the 
suppressive mechanisms involved in the function of TReg cells, the precise 
routes of suppression need further studies. 
 
 
TReg cells in human systemic autoimmune diseases 
 

Alteration in TReg cell number or function is associated with several 
autoimmune diseases. Studies involving peripheral tolerance in systemic 
autoimmune diseases have focused predominantly on abnormalities in 
nTReg cell numbers and/or function, whereas studies on the role of iTReg cells 
are scarce. Here we summarize data concerning the involvement of nTReg 
cells in several human systemic autoimmune diseases (Table 2). 
 
 
Systemic lupus erythematosus 
 

Although the etiology of systemic lupus erythematosus (SLE) is 
unknown, recent data suggest a role of TReg cells in disease pathogenesis. 
An in vivo study by Hayashi et al. demonstrated that depletion of 
CD25+CD4+T-cells in BWF1 lupus mice, 3 days after birth, induces an 
increase in anti-nuclear antibodies and accelerates the development of 
glomerulonephritis59. Another in vivo experiment by Hsu et al. showed that 
lupus mice whose CD25+ cells are depleted produce higher titers of serum 
anti-dsDNA antibodies after being immunized with dendritic cells pulsed with 
apoptotic cells60. In line with this observation, Lee et al. reported an inverse 
relation between the percentage of circulating CD4+CD25+T-cells and serum 
levels of anti-dsDNA antibodies in pediatric patients with SLE61. Other 
studies evaluating levels of circulating CD4+CD25HighT-cells in SLE-patients 
are consistent in their results demonstrating a decrease in absolute 
numbers as well as in the proportion of CD4+CD25HighT-cells in active SLE-
patients as compared to healthy controls62-64. The proportion of circulating 
CD4+CD25HighT-cells in SLE-patients correlates negatively with the clinical 
severity of SLE64. Miyara et al. reported that CD4+CD25HighT-cells from SLE-
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patients are hypersensitive to in vitro Fas-induced apoptosis suggesting that 
these cells could be depleted in vivo via inappropriate induction of apoptosis 
during the course of lupus flares64. In addition, CD4+CD25HighT-cells from 
patients with active-SLE have diminished suppressive activity compared to 
those from healthy individuals65;66. Besides increased proportions of 
circulating CD4+CD25+T-cells in patients with active-SLE, evaluating FoxP3-
expression in CD4+CD25+T-cells demonstrates a significant increase in 
percentage and absolute numbers of circulating CD4+CD25+FoxP3+ T-cells 
in active-SLE-patients compared to healthy controls, and the frequency of 
these cells was positively correlated with disease activity67;68. Since reduced 
suppressive function of CD4+CD25+T-cells has been observed in SLE-
patients, the expression of FoxP3 in CD4+T-cells from SLE-patients 
primarily reflects activation of CD4+T-cells and does not indicate an increase 
in functional TReg cells68. Importantly, the suppressive activity of 
CD4+CD25HighT-cells from active SLE-patients could be restored after in 
vitro activation with anti-CD3 in the presence of IL-266. This suggests that in 
vivo other factors may be involved in altering the function of TReg cells. 
Indeed, TReg cells in active-SLE exhibited increased expression of tumor 
necrosis factor receptor II (TNFRII) in vivo, and addition of TNF and 
signaling through TNFRII completely down modulated TReg cells function in 
vitro without influencing its anergic phenotype66. Thus, overproduction of 
TNF in vivo may contribute to the defective function of TReg cells66, and, 
therefore, TNF-blocking agents may be of value in restoring TReg cells 
function in active SLE-patients. Collectively, a reversible defect in TReg cells 
suppressive function may contribute to flares of disease activity in SLE-
patients. Further investigations directed at enhancing the function of TReg 
cells in vivo are warranted.  
 
 
Rheumatoid arthritis and juvenile idiopathic arthritis 
 

 TReg cells in patients with rheumatoid arthritis (RA) and juvenile 
rheumatoid arthritis (JRA), both from synovial and peripheral blood origin, 
have been reported to exhibit all of the features of normal TReg cells, not only  
in phenotype but also in their suppression of T-cell proliferation in vitro69-71. 
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However, circulating TReg cells isolated from patients with active RA are 
unable to suppress the release of proinflammatory cytokines by activated T-
cells and monocytes71. Importantly, as in SLE, TNFα appeared to be 
involved in the decrease of TReg cells function, and treatment with TNFα-
blocking agents restored their capacity to inhibit the production of 
proinflammatory cytokines71. This may explain the dysfunction of TReg cells 
in vivo, since TNFα is abundantly present in sera and joints of patients72. 
Recently, Amelsfort and coworkers73 proposed that TReg cells in synovial 
fluid receive increased costimulatory signals, as well as TNFα and IL-7, 
after interaction with activated synovial monocytes which leads to a 
decrease in their suppressive capacity. Therefore, besides TNFα blocking, 
targeting of activated monocytes may hold therapeutic promise for this 
disease. 
 
 
Goodpasture’s disease 
 

 Goodpasture's disease is considered a prototypical model for an 
autoantibody-mediated autoimmune disease, and is characterized by rapidly 
progressive glomerulonephritis frequently combined with diffuse alveolar 
haemorrhage74. Tissue injury is mediated by anti-glomerular basement 

membrane (anti-GBM) antibodies that bind to the α3(IV) collagen chain 
which is found only in basement membranes in kidney, lung, cochlea and 
eye75. Evidence supporting a role of TReg cells in anti-glomerular basement 
membrane glomerulonephritis (anti-GMB GN) came from experiments by 
Wolf and coworkers76 in a murine model. They found that transfer of TReg 
cells into a murine model of experimental anti-GMB GN significantly 
attenuated glomerular injury and reduced T-cell and macrophage infiltration 
when compared with animals that received CD4+ effector T-cells. 
Furthermore, they demonstrated a significant reduction in Th1-type effector 
cells in renal tissue from animals that received TReg cell injection. The role of 
TReg cells in patients with anti-GBM disease has been studied by Salama 
and coworkers77. They analyzed the frequency of IFNγ-producing cells in 
vitro in response to the Goodpasture autoantigen using PBMCs isolated 
from patients with Goodpasture’s disease before and after depletion of TReg 
cells. The percentage of autoantigen-specific T-cells was significantly 
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increased in cultures following TReg cell depletion. Importantly, autoantigen-
specific TReg cells were present during disease convalescence but absent at 
the time of disease presentation. These observations suggest that TReg cells 
are involved in preventing relapses in Goodpasture’s disease. Adoptive 
transfer in vivo of in vitro generated/expanded autologous auto-antigen 
specific TReg cells might induce long term remission in this disease. 
 
 
Wegener’s granulomatosis 
 

 Wegener’s granulomatosis (WG) is an autoimmune inflammatory 
disease affecting small to medium sized vessels, and associated with 
antineutrophil cytoplasm autoantibodies (ANCAs) mainly directed against 
proteinase 3 (PR3). This disorder is characterized by granulomatous 
inflammation, particularly of the airways, and pauci-immune vasculitis and 
glomerulonephritis78. Several lines of evidence suggest involvement of T-
cells in this disease79-81. Since TReg cells suppress the proliferation of other 
T-cells, an increase in CD4+ effector memory T-cells in WG-patients might 
point to impaired TReg cell function81;82. In a recent study83, we have 
analyzed the proportion and function of circulating TReg cells in WG-patients 
in remission. We found that TReg cells exhibiting a memory phenotype 
(CD45RO+) were significantly increased in WG-patients as compared with 
controls. Increased TReg cells would be expected during remission of an 
autoimmune disease. In contrast, we found that the percentages of 
FoxP3+CD4+ effector memory T-cells in WG-patients with active disease 
were not lower than in WG-patients in remission81. However, we observed a 
defective suppressor function of TReg cells from WG-patients83. Crisscross 
experiments revealed that impaired function of TReg cells was unrelated to 
either responder cell resistance or altered survival of TReg cells83. However, 
since it has been shown that FoxP3 is upregulated in CD4+ non-TReg cells 
following activation28, it is possible that the FoxP3-expressing CD4+T-cells in 
WG-patients are rather activated T-cells than TReg cells. It has been reported 
that maximal suppressive function is present in human TReg cells 
coexpressing two FoxP3 isoforms84. It is, therefore, possible that the 
inconsistency between increased TReg cells and the defective function of 
these cells in WG-patients is due to a deficiency in one FoxP3 isoform. 
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Further studies are necessary to evaluate the expression levels of both 
FoxP3 isoforms in TReg cells in WG-patients. 
 
 
Sarcoidosis 
 

Sarcoidosis is a systemic disease of unknown etiology 
characterized by the accumulation of activated T-cells, primarily of the CD4-
positive phenotype, and macrophages in the affected organs, resulting in 
noncaseating granulomatous inflammation. The presumably autoimmune 
inflammatory process leads to tissue damage affecting, amongst others, 
lungs, lymph nodes, eyes, liver, kidneys, and skin. Although it has been 
shown that activated CD4+T cells in patients with sarcoidosis express CD25, 
the precise involvement of these cells in disease pathogenesis has not been 
elucidated85. Miyara et al.86 have evaluated the proportion and function of 
TReg cells in this disease. Surprisingly, they observed an increase in the 
percentage of TReg cells in peripheral blood and bronchoalveolar lavage 
(BAL) fluid in patients with active sarcoidosis compared to either healthy 
individuals or patients with inactive disease, whereas no difference was 
found between healthy controls and inactive sarcoidosis-patients. They 
propose that amplification of TReg cells in active sarcoidosis might occur due 
to spontaneous release of IL-2 by lung T-cells. Although TReg cells from 
active patients exhibited a phenotype as normally seen in these cells and 
potent in vitro suppressive activity on the proliferation of autologous CD25-

CD4+T-cells, they failed to inhibit secretion of TNFα and IFNγ by autologous 
and allogeneic cells. This defect in inhibiting cytokine production of effector 
cells might contribute to chronic inflammation in sarcoidosis, as TNFα plays 
a key role in granuloma formation87. Further studies are needed to elucidate 
the apparent inability of TReg to control this systemic disease. 
 
 
Kawasaki disease 
 

Kawasaki disease (KD) is an acute systemic vasculitis of childhood 
affecting small-to-medium-sized vessels88. The immune dysfunction in this 
disease comprises, amongst others, the presence of increased levels of 
anti-endothelial cell antibodies (AECA) which correlate with disease 
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activity89. One recent study addressed the possibility that alteration in 
numbers of TReg cells may be associated with disease activity in patients 
with KD90. Furuno and coworkers have evaluated the proportion and 
numbers of CD25+CD4+T-cells and analyzed the mRNA expression level of 
FoxP3, CTLA-4, and GITR in circulating CD4+T-cells from patients at the 
acute and convalescent phases of KD90. They found that CD25+CD4+T-cells 
were significantly decreased in the acute phase and returned to a level at 
the convalescent phase of KD comparable with that of healthy controls. The 
expression levels of FoxP3, CTLA-4, and GITR in purified CD4+T-cells 
showed a similar tendency, suggesting that the decrease in CD25+CD4+T-
cells during active disease represents a decrease in TReg cells. Since 
functional analysis of TReg cells has not been performed in this study, further 
studies are needed to fully understand the role of TReg cells in this disease. 
 
 
Hepatitis C associated mixed cryoglobulinemia vasculitis 
 

Mixed cryoglobulinemia (MC) is a chronic autoimmune systemic 
vasculitis characterized by the presence of type II cryoglobulins and is 
frequently associated with hepatitis C virus (HCV) infection, which is 
considered a triggering factor of the disease91. HCV-associated MC is 
characterized by polyclonal B-cell activation, monoclonal IgM rheumatoid 
factor production, and deposition of circulating cold-precipitable immune 
complexes of HCV antigen-antibody and complement in small-sized 
vessels. To address the role of TReg cells in this disease, Boyer el al.92 have 
evaluated the proportion and suppressive function of circulating 
CD25+HighCD4+T-cells. They found that, although TReg cells displayed a 
normal suppressive function, the frequency of these cells was significantly 
reduced in patients with symptomatic MC as compared to those with 
asymptomatic MC or controls, or HCV+ patients without MC.  Thus, despite 
the normal function of TReg cells, symptomatic hepatitis C associated mixed 
cryoglobulinemia is associated with a quantitative deficiency of TReg cells. 
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TReg cells as a specific immunotherapy 
 

 TReg cells may become an important target of intervention in human 
systemic autoimmune diseases. Modulation of TReg cell number or function 
in vivo could be curative and provide an alternative to conventional therapy. 
Studies in mice models have demonstrated that re-injection of in vitro 
expanded TReg cells can reverse autoimmunity and inflammation93;94. Recent 
experimental evidence has shown that the FR4 marker enables isolation of 
TReg cells following ex vivo autoantigen-specific expansion39. In addition, the 
immunosuppressive drug rapamycin could be used to expand TReg cells and 
inhibit the differentiation of proinflammatory IL17-producing cells (Th17)95;96. 
Thus, the adoptive transfer of ex vivo expanded and isolated antigen-
specific TReg cells by rapamycin and FR4, respectively, may correct the 
balance between TReg cells and effector cells and provide a specific 
treatment of human autoimmune diseases. 
 
 
Conclusion 
 

TReg cells are the cornerstone in peripheral tolerance. It is now clear 
that TReg cells are involved in the pathogenesis of several systemic 
autoimmune diseases. Although decrease in number and/or function of TReg 
cells may favor pathogenic autoimmune responses in systemic autoimmune 
diseases, the etiology of this defect still remains unresolved and needs 
further studies. The mechanisms by which TReg cells exert their suppressive 
function are still elusive. Understanding the exact mechanism of 
suppression and defining the suppression-associated surface molecules of 
TReg cells is necessary for therapeutic intervention. Since transfer of ex vivo 
expanded autologous TReg cells can reverse autoimmunity and inflammation 
in animal models, future perspectives for a specific therapy of human 
autoimmune diseases could be built on re-injection of well-defined 
autoantigen-specific TReg cells after ex vivo expansion and enhancement of 
suppressive function. 
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Abstract 
 

Objective: Accumulating data support the role of regulatory T-cells 
(TReg cells), a subset of CD4+T-cells that express CD25High and the 
transcription factor forkhead box P3 (FoxP3), in controlling and preventing 
autoimmunity. In Wegener’s granulomatosis (WG), an autoimmune 
vasculitis, up-regulation of CD25 on circulating CD4+T-cells has been 
observed, even in patients in remission. The objective of this study was to 
test whether the frequency and/or function of TReg cells from WG-patients in 
remission (R-WG) are disturbed.  

Methods: Peripheral blood mononuclear cells (PBMCs) were freshly 
isolated from 52 R-WG-patients and from 27 age- and sex-matched healthy 
control (HC) subjects. The proportion of circulating TReg cells was assessed 
by flow cytometry using CD4, CD25, FoxP3, and CD45RO markers. Anergy 
and suppressive function of CD25HighCD4+T-cells were determined using 
polyclonal stimulants and co-culture assay in 10 R-WG-patients and in 10 
age- and sex-matched HCs. 

Results: In R-WG-patients, a significant increase was observed in 
the percentage of circulating CD25HighCD4+ and CD25LowCD4+T-cells, 
whereas CD25-CD4+T-cells were decreased, as compared with HC. Among 
circulating CD4+T-cells, an expanded percentage of TReg cells 
(CD25HighFoxP3+) with memory phenotype was present in R-WG-patients. 
However, when the suppressive function of CD25HighCD4+T-cells was 
tested, CD25HighCD4+T-cells from R-WG-patients showed diminished or 
absent suppression of responder T-cell proliferation. The impaired 
suppression was not due to responder cell resistance (as shown by criss-
cross experiments with T-cells from HC) or altered survival of TReg cells. 

Conclusion: These data indicate that R-WG-patients have an 
expanded proportion of TReg cells which are functionally defective. This 
observation may be relevant in relation to the development and relapsing 
course of this autoimmune vasculitis. 
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Introduction 
 

Despite the presence of several mechanisms that sustain T-cell 
tolerance, such as thymic deletion of auto-reactive T-cells and induction of 
T-cell anergy to auto-antigens, auto-reactive T-cells can be detected in 
normal individuals who never clinically develop autoimmune disease1;2. 
Thus, additional regulatory mechanisms must exist to prevent clinically 
manifest autoimmunity. During the last decade, circulating regulatory 
lymphocytes (TReg cells), a subset of CD4+T-cells that express the 
interleukin (IL)-2 receptor α-chain (CD25), have been described in 
experimental animals and in humans as an additional mechanism that 
sustains tolerance. Adoptive transfer of TReg-depleted CD4+T-cells from wild-
type mice into thymectomized nude mice induced multi-organ autoimmune 
disease, whereas co-transfer of purified TReg cells resulted in disease 
prevention3. In humans, decreased frequencies and/or defective function of 
TReg cells have been documented in several autoimmune diseases, such as 
multiple sclerosis4;5, rheumatoid arthritis (RA)6, autoimmune polyglandular 
syndrome type-II7, Kawasaki disease8, myasthenia gravis9, type-I diabetes 
mellitus10, systemic lupus erythematosus (SLE)11, and psoriasis12. These 
observations demonstrate that TReg cells are an essential component of 
peripheral suppressor mechanisms and suggest a role of these cells in the 
pathogenesis of autoimmune diseases. 

TReg cells are characterized by high levels of surface expression of 
CD2513 and intracellular expression of the transcription factor forkhead box 
P3 (FoxP3)14;15. FoxP3, a member of the forkhead/winged helix family, is a 
master gene that controls development and function of TReg cells16;17, and is 
therefore a more specific marker for TReg cells. Further studies have shown 
that cytotoxic T-lymphocyte-associated protein-4 (CTLA-4) and 
glucocorticoid-induced tumor necrosis factor receptor (GITR) can also be 
considered additional markers for these cells18;19. 

Wegener’s granulomatosis (WG) is an autoimmune vasculitis of 
small- to medium-sized vessels, associated with anti-neutrophil cytoplasm 
auto-antibodies (ANCAs) with specificity for proteinase-3 (PR3)20, and 
characterized by granulomatous inflammation, particularly of the upper and 
lower airways, pauci-immune vasculitis, and glomerulonephritis21. Although 
the etiology of this disease is not yet known, the observation that remission 
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can be induced in WG-patients by drugs directed at removing T-cells 
suggests the involvement of T-cells in the pathogenesis of this disorder22. In 
addition, during remission, an increase in memory T-cells with a 
concomitant decrease in naïve T-cells within the circulating CD4+T-cell 
subset in WG-patients points to persistent T-cell activation23, which is 
associated with vasculitis severity24. Since TReg cells are important inhibitors 
of the activation and proliferative responses of both naïve and memory T-
cells25 and act on auto-aggressive T-cells and B-cells to inhibit maturation of 
auto-antibody responses26, a malfunction of these cells might sustain 
recurrence of auto-reactivity and chronic inflammation in WG. Although 
involvement of TReg cells in WG has not yet been elucidated, increased 
expression of CD25 and CTLA-4 (TReg cell markers) on circulating CD4+T-
cells has been reported in this disease27;28.  

In the present study, we sought to determine the frequency and 
function of circulating TReg cells derived from a group of patients with WG in 
remission, as compared with those from age- and sex-matched healthy 
individuals. We hypothesize that an altered frequency and/or function of 
circulating TReg cells from WG-patients in remission (R-WG) may contribute 
to loss of self-tolerance and underlie the relapsing course of this disease. 
 
 
Materials and Methods 
 
Study population 
 

Fifty-two patients with WG (table 1) and 27 age- and sex-matched 
healthy control subjects (17 males, 10 females, mean age 50 years, range 
22-83 years) were included in this study. The diagnosis of WG was 
established according to the Chapel Hill Consensus Conference 
classification criteria for WG29. Only patients without clinical signs and 
symptoms of active vasculitis and considered to be in complete remission, 
as indicated by a score of 0 on the Birmingham Vasculitis Activity Score 
(BVAS)30, were included in the study. Of the 52 patients, 35 were 
considered to have generalized-WG that included renal involvement, and 17 
patients were considered to have localized-WG in which the disease is 
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confined to the upper and/or lower respiratory tract. None of the patients or 
controls experienced an infection at the time of sampling. 

Thirty-seven of the 52 patients were receiving maintenance 
immunosuppressive therapy at the time of blood sampling. Seventeen 
patients were receiving monotherapy with azathioprine (n=13), cyclosporine 
(n=1), prednisolone (n=1), or cotrimoxazole (n=2), and 20 patients were 
receiving prednisolone in combination with either azathioprine, 
cyclophosphamide, or mycophenolate mofetil. 

The main clinical and laboratory data of the patients are 
summarized in Table 1. All study subjects 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 52 
No. male / no. female 34 / 18 
Age, mean (range) years 54 (17 – 87) 
No. with localized / generalized WG 17 / 35 
No. positive / negative for ANCA 40 / 12 
No. receiving / not receiving treatment 37 / 15 
Disease duration, mean (range) months 94 (5 – 409) 
No. of relapses, median (range) 2 (0 – 12) 

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

 
 
Measurement of ANCA titres 
  

ANCA titres were measured by indirect immunofluorescence on 
ethanol-fixed human granulocytes according to the standard procedure, as 
previously described31. ANCA titers lower than 1:20 were considered 
negative. 
 
 
Antibodies used in flow cytometry 
 

The following conjugated antibodies were used in flow cytometry: 
fluorescein isothiocyanate (FITC)-conjugated anti-CD45RO, FITC-
conjugated anti-CD8, FITC-conjugated anti-CD56, FITC-conjugated anti-
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γ/δTCR, phycoerythrin (PE)-conjugated or allophycocyanin (APC)-
conjugated anti-CD25, and APC- or peridin-chlorophyll protein (PerCP)-
conjugated anti-CD4. All antibodies were purchased from Becton & 
Dickinson (Amsterdam, The Netherlands). PE-conjugated anti-human 
FoxP3 (clone PCH101) was obtained from eBioscience (San Diego, CA, 
USA). Isotype matched control antibodies of irrelevant specificity were 
purchased from Becton & Dickinson and eBioscience. 
 
 
Isolation of peripheral blood mononuclear cells (PBMCs) and flow 
cytometry 
  

PBMCs were prepared from heparinized venous blood by density-
gradient centrifugation on Lymphoprep (Axis-Shield PoC AS, Oslo, Norway) 
immediately after blood was drawn. Cells recovered from the gradient 
interface were washed twice in phosphate buffered saline (PBS), pH 7.2,  
and adjusted to 1 x 107 cells/mL in RPMI 1640 (Cambrex Bio Science, 
Verviers, Belgium) supplemented with 5% human pool serum and 50μg/ml 
of gentamycin (Gibco, Paisley, UK). Foxp3 staining was performed using a 
Foxp3 staining set (eBioscience/ITK Diagnostic BV, Uithoorn, The 
Netherlands) according to the manufacturer's instructions. Briefly, freshly 
isolated PBMCs (0.5 x 106 cells in 100μL) were immediately incubated with 
appropriate concentrations of FITC-conjugated anti-CD45RO, PerCP-
conjugated anti-CD4, and APC-conjugated anti-CD25, for 30 minutes at 4 
oC in the dark. Cells were then washed with cold PBS, followed by fixation 
and permeabilization in Fix/Perm buffer (eBioscience) for 45 minutes at 4 
oC. Subsequently, cells were washed twice with cold 1X Permeabilization 
buffer (eBioscience). To block non-specific binding, normal rat serum was 
added for 10 minutes, followed by the addition of PE-conjugated rat anti-
human-FoxP3. After incubation for 30 minutes at 4 oC, the cell suspension 
was washed twice with cold 1X Permeabilization buffer, and four-color 
staining was immediately analyzed on FACS-Calibur (Becton & Dickinson).  

For all flow cytometry analyses, data for 105 cells were collected. 
Lymphocytes were gated by forward and side scatter patterns, and plotted 
using the Win-List software package (Verity Software House Inc, ME, USA). 
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Positively and negatively stained populations were calculated by quadrant 
dot plot analysis, as determined by the appropriate isotype controls.  
 
 
Purification of CD4+CD25-&Low and CD4+CD25High T-cells 
 

PBMCs from 10 of the WG-patients in remission and 10 of the age- 
and sex-matched healthy controls were immediately isolated from freshly 
drawn blood and incubated for 45 minutes at 4 oC with appropriate 
concentrations of APC-conjugated anti-CD4, PE-conjugated anti-CD25, and 
a cocktail of anti-CD8, anti-CD56, and anti-γ/δTCR, all of which were labeled 
with FITC. Cells were washed and sorted on a FACS MoFlo (Becton & 
Dickinson) according to their forward and side scatter properties. 
Subsequently, FITC-positive cells were excluded, and the CD4+T-cell 
fraction was sorted into a CD4+CD25-&Low population as responder T-cells 
(TResp) and a CD4+CD25High population as regulatory T-cells (TReg cells) 
(Figure 3A). The purity of the sorted TResp cells and TReg cells, as determined 
by flow-cytometric reanalysis, was >95% and >90%, respectively (Figure 
3A). 
 
 
Proliferation assays and suppression experiments 
 

Freshly sorted TResp cells (1x104) and TReg cells (1x104) were 
cultured in triplicate, either separately or in co-culture (1:1 ratio), in round-
bottommed 96-well plates in 200µL of complete RPMI1640 medium 
(containing 10% heat-inactivated human pool serum, 50μg/ml gentamycin, 
50μM 2-mercaptoethanol, and 25mM HEPES with 2,1 mM L-glutamine). 
Cells were incubated in the absence or presence of 10% soluble anti-CD3 
(supernatant of clone WT-32) and 10% soluble anti-CD28 (supernatant of 
clone 20–4996) (both from CLB, Amsterdam, The Netherlands) for 6 days at 
37°C in 5% CO2. For the last 18 hours of culture, 100µL of the supernatant 
was removed, and 1 µCi/well [3H]-thymidine (ICN Biomedical Inc., Costa 
Mesa, CA) was added. Cells were then harvested onto glass-fiber filters 
using a Skatron Combi Cell Harvester (Skatron Inc., Oslo, Norway), and 
sealed in plastic bags containing 4,5 mL of  Betaplate Scint cocktail (Wallac 
Inc., Turku, Finland).  
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[3H]-thymidine incorporation was counted on a 1450 Microbeta 
Trilux β-scintillation counter (Wallac) using Wallac 1450 Microbeta Trilux & 
Micobeta Jet software (version 4.01). Results were expressed as counts per 
minute (cpm). The percentage suppression of proliferation was calculated 
as follows:  
 
% Suppression = [1- (mean cpm of co-culture / mean cpm of responder cells 

alone)] x 100% 
 
 

Quantification of Apoptotic TReg cells 
 

Freshly sorted TReg cells (3 x104 cells) were cultured in 600µL of 
complete RPMI1640 medium in the absence or presence of soluble anti-
CD3 and anti-CD28 for 6 days at 37°C in 5% CO2. Thereafter, cell death 
was assessed using the Annexin V-FITC Apoptosis Detection kit (Becton & 
Dickinson) according to the manufacturer’s instructions. Briefly, cells were 
harvested and washed with annexin V-bending buffer and stained with 
FITC-conjugated annexin V for 15 minutes in the dark. Cells were washed 
and resuspended in 1μg/mL of propidium iodide (PI), followed by flow 
cytometry analysis. In this assay, viable cells (annexin V- PI-) can be 
distinguished from early apoptotic (annexin V+ PI-), late apoptotic (annexin 
V+ PI+Low), and necrotic (PI+High) cells.   
 
 
Statistical analysis 
 

Data are presented as the mean ± SD. Comparison of mean values 
between WG-patients and healthy controls was assessed using 
nonparametric Mann-Whitney U-test, and differences were considered 
statistically significant at two-sided P-values of less than 0.05. 
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Results 
 
Increased percentage of circulating CD25High and CD25Low memory 
CD4+T-cells in WG-patients in remission compared with healthy 
donors 
 

First, we compared the proportion of circulating CD25High, CD25Low, 
and CD25- cells within the CD4+T-cell population in WG-patients and 
healthy donors. A representative flow cytometric analysis for one patient 
and one age- and sex-matched healthy control subject is shown in figure 
1A.  

 
Figure 1: Surface expression of CD25 on circulating CD4+T-cells in Wegener’s granulomatosis (WG)-
patients in remission and in age- and sex-matched healthy controls (HC). 
(A) Representative flow-cytometric analysis of CD4 and CD25 expression on gated lymphocytes in freshly 
isolated peripheral blood mononuclear cells obtained from one WG-patient, and one HC. The gate strategy 
for CD25-, CD25Low, and CD25High populations is shown. The same gates were used for data analysis of each 
patient and HC. Values in each gate are the percentage of positive cells. Data were plotted using the Win-
List software package, and quadrants were established using isotype controls. (B) Percentage expression of 
CD25High, CD25Low, and CD25- cells among CD4+T-cells in peripheral blood from WG-patients and HC. The 
percentages of CD25High and CD25Low populations of CD4+T-cells are increased, whereas the percentages of 
CD25-CD4+T-cells are decreased, in WG-patients as compared with HC. (C) Percentage expression of 
CD25High, CD25Low, and CD25- on memory (CD45RO+) and naïve (CD45RO-) T-cells among the circulating 
CD4+T-cells from WG-patients and HC. Horizontal bars in B and C show the men. P-values were determined 
by nonparametric Mann-Whitney U-test. 
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WG-patients in remission had a significantly higher percentage of CD25High 
and CD25Low cells, and a significantly lower percentage of CD25- cells 
among their CD4+T-cells as compared with the control group (Figure 1B). 
Next, we investigated whether the relatively increased CD25High and 
CD25Low populations were confined to the naïve (CD45RO-) or memory 
(CD45RO+) CD4+T-cells. Within the CD4+T-cells from WG-patients, a 
significant increase was observed in the percentage of CD25High naïve and 
CD25High memory T-cells and in the percentage of CD25Low memory T-cells 
as compared to healthy controls. The percentage of CD25Low naïve CD4+T-
cells did not differ between the 2 groups (Figure 1C). In addition, the 
percentage of CD25- naïve cells among the CD4+T-cells was significantly 
lower in WG-patients, whereas no differences were seen in the percentage 
of CD25- memory T-cells between patients and healthy individuals. These 
results demonstrate a shift from CD25- naïve CD4+T-cells in WG-patients 
toward CD25High and CD25Low memory CD4+T-cells.  

No differences were found in the percentages of CD25High, CD25Low, 
and CD25- naïve and memory CD4+T-cells between patients with localized 
and generalized disease, or between patients who were ANCA-positive and 
those who were ANCA-negative at the moment of sampling (data not 
shown). 
 
 
Increased proportion of TReg cells in peripheral blood of WG-patients in 
remission 
 

Since CD25High is not a unique marker for TReg cells, it was 
appropriate to establish the identity of circulating CD25HighCD4+T-cells 
through expression of the FoxP3 marker, which is a master regulator and a 
more specific marker of TReg cells16;17. The expression level of FoxP3 was 
measured using FACS technique. To determine whether the expression of 
this transcription factor was specific for CD25HighCD4+T-cells, we compared 
FoxP3 expression in the CD25High, CD25Low, and CD25- populations of 
CD4+T-cells (Figure 2A). The majority of CD25HighCD4+T-cells expressed 
FoxP3 (>79%) and <20% of the CD25LowCD4+T-cells expressed FoxP3, 
whereas only 1.74% of the CD25-CD4+T-cells expressed FoxP3.  
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Figure 2: Frequency of circulating TReg cells in Wegener’s granulomatosis (WG)-patients in 
remission and in age- and sex-matched healthy controls (HC). 
(A) Flow cytometric analysis of forkhead box P3 (FoxP3) expression in CD25High (left), CD25Low 
(middle), and CD25- (right) CD4+T-cells. Values at the top of each plot are the percentage of FoxP3 
positive cells. (B) Representative example of FACS-plots and gating of CD25HighFoxP3+ cells among 
CD4+T-cells (left), and the expression of CD45RO in CD25HighFoxP3+ gated cells (right), in a WG-
patient and HC. Values in each gate are the percentage of positive cells. (C) The percentage of total 
TReg cells (FoxP3+CD25High), memory TReg cells (FoxP3+CD45RO+CD25High), and naïve TReg cells 
(FoxP3+CD45RO-CD25High) among CD4+T-cells from the peripheral blood of WG-patients and HC. 
Flow cytometry was performed as described in Materials and Methods. Horizontal bars show the 
mean. P-values were determined by nonparametric Mann-Whitney U-test. 
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Next, we examined the percentages of CD25HighFoxP3+ cells among 
the CD4+T-cell population in both healthy controls and WG-patients (Figure 
2B and C). Unexpectedly, a significantly increased percentage of 
CD25HighFoxP3+ cells was observed in the CD4+T-cell population in WG-
patients as compared with healthy controls. Since circulating TReg cells are 
found in both memory and naïve CD4+T-cell populations32, we determined 
the percentages of the memory and naïve FoxP3+CD25High T-cell 
populations. As shown in figure 2C, the increased percentages of TReg cells 
(CD25HighFoxP3+) in WG-patients were confined to memory T-cells, whereas 
percentages of naïve TReg cells did not differ between WG-patients and 
healthy controls. In addition, no difference was seen between patients with 
localized and those with generalized WG, nor between patients who were 
ANCA-positive and those who were ANCA-negative patients with respect to 
the percentage of FoxP3+CD25High CD4+T-cells, in both the naïve and 
memory populations (data not shown).   

Thus, based on phenotype analysis, these results imply that WG-
patients whose disease is in remission have an elevated percentage of 
circulating CD45RO+TReg cells as compared with normal individuals. 
 
 
No involvement of therapy in the relative increase in TReg cells in WG-
patients 
 

It has been reported that treatment may alter the frequency of TReg 
cells33-35. To further rule out the possibility that the increased proportions of 
TReg cells in WG-patients were the result of current treatment, the WG-
patient group was separated into treated (n=37) and untreated (n=15) 
patients, and the percentages of FoxP3+CD25High cells in naïve and memory 
CD4+T-cell population were compared. As shown in table 2, no significant 
differences in these percentages were observed between treated and 
untreated patients. Since patients with generalized-WG previously may 
have received more aggressive treatment in the past than patients with 
localized-WG, which might have influenced the distribution of lymphocyte 
subsets, we compared the percentages of naïve and memory TReg cells 
between currently untreated patients with generalized and localized WG. No 
differences were found between these patient groups (data not shown). 
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Table 2: Percentages of circulating TReg cells (naïve and memory) among 
the CD4+T-cell subset in untreated and treated patients with WG 
in remission.* 

 

TReg cell subset Untreated (n=15) Treated (n=37) P 

FoxP3+CD25High  5.9 ± 0.5 6.8 ± 0.5 NS 
FoxP3+CD45RO+CD25High  5.2 ± 0.5 5.9 ± 0.5 NS 
FoxP3+CD45RO-CD25High  0.8 ± 0.1 0.7 ± 0.1 NS 

 
*Thirteen of the 37 treated patients with Wegener’s granulomatosis (WG) received 
azathioprine, 2 received cotrimoxazole, 1 received cyclosporine, 1 received prednisolone, 
and 20 received prednisolone with a low-dose of either azathioprine, cyclophosphamide, or 
mycophenolate mofetil. Values are the mean ± SD percentages of positive cells in the 
CD4+T-cell subset. P-values for untreated versus treated WG were not significant (NS). 

 
 
Lack of correlation between clinical features of WG and increased 
percentages CD45RO+TReg cells 
 

Since CD4 memory TReg cells were relatively increased in WG-
patients, we addressed the question whether this increase was correlated 
with the clinical findings in WG-patients. The percentage of CD45RO+TReg 
cells showed no correlation with disease duration, age, total number of 
relapses, or ANCA-titre in patients with localized-WG or in patients with 
generalized WG (data not shown). 
 
 
Defective suppressor function of circulating TReg cells in WG-patients 
in remission 
 

In order to evaluate the immunosuppressive properties of TReg cells 
purified from WG-patients whose disease was in remission and from age- 
and sex-matched normal donors, proliferation and co-incubation studies 
were performed (Figure 3). Since cyclophosphamide inhibits the function of 
TReg cells33, patients receiving cyclophosphamide were excluded. Of the 10 
patients evaluated, 4 were untreated, 1 was receiving prednisolone plus 
mycophenolate mofetil, and 5 patients were receiving monotherapy with 
azathioprine (n=3), cyclosporine (n=1), or prednisolone (n=1). 

Upon induction by soluble anti-CD3 and soluble anti-CD28 
antibodies, sorted TResp cells from both patients and controls showed a high 
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level of proliferation. In contrast, sorted TReg cells from neither the patients 
nor the controls proliferated in response to these polyclonal stimuli. Next, we 
measured the ability of TReg cells to inhibit the proliferation of autologous 
TResp cells (at a 1:1 ratio) induced by polyclonal stimuli. In the healthy control 
group, the proliferation of TResp cells was strongly suppressed by TReg cells 
(mean 77%), whereas TReg cells from WG-patients induced a significantly 
lower level of suppression (mean 10%) (Figure 3C). Importantly, TReg cells 
from some patients induced increased proliferation of TResp cells instead of 
suppression. The results suggest an impaired suppressive function of 
circulating TReg cells in WG-patients.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B 

Figure 3: Isolation and functional characterization 
of TReg cells in Wegener’s granulomatosis (WG)-
patients in remission and in age- and sex-
matched healthy controls (HC).  
(A) CD4+T-cells freshly isolated from peripheral blood 
mononuclear cells were stained as described in 
Patients and Methods and separated into TResp 
(CD25-&Low) and TReg (CD25High) cells by FACS-sorting 
to a purity >95% and >90%, respectively. Values in 
each gate are the percentage of positive cells. (B) 
Proliferation of sorted TResp cells, TReg cells, or of both 
populations in a 1:1 ratio from a WG-patient and a HC 
in response to polyclonal stimuli with anti-CD3 plus 
anti-CD28. Cells were incubated for 6 days, and 
proliferation was measured by 3H-thymidine uptake. 
TReg cells from the WG-patient are less potent 
inhibitors of TResp cell proliferation than those from the 
control. Values are the mean and SEM of triplicate 
results. (C) Percentage suppression of TResp cell 
proliferation by autologous TReg cells (at a 1:1 ratio) 
from WG-patients (n=10) and HCs (n=10). Values 
were calculated from the proliferation assay in 
response to polyclonal stimulation (see Patients and 
Methods). Defective suppressor activity of TReg cells 
from WG-patients is observed compared with TReg 
cells from HCs. Horizontal bars show the mean. P-
values were determined by nonparametric Mann-
Whitney U-test. 
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Impaired suppression of TReg cells from WG-patient is unrelated to 
TResp cell resistance 
 

 Next, we analyzed whether the lack of suppression of WG-patients’ 
cells in co-culture assay was attributable to functional impairment of the TReg 
cells or to resistance of the TResp cells to suppression. To test both 
possibilities, we performed criss-cross experiments in which polyclonally 
stimulated TResp cells from WG-patients were co-cultured with autologous 
TReg cells or with TReg cells from a healthy donor and vice versa. As 
illustrated in figure 4 (A-C), TReg cells from HCs inhibited the proliferation of 
both autologous TResp cells (70% and 86%; Figures 4A and B, respectively) 
and TResp cells (56% and 77%; Figure 4A and B, respectively) from WG-
patients, whereas TReg cells from WG-patients failed to suppress the 
proliferation of either autologous TResp cells (-62% and 19%; Figures 4A and 
B, respectively) or TResp cells (-45% and 17%; Figure 4A and  in B) from 
HCs. Collectively, these findings indicate that the lack of suppression of TReg 
cells in WG-patients is related to a functional impairment of these cells, 
rather than to a resistance of TResp cells to suppression. 
 
 
No relationship between lack of suppression and altered survival of 
TReg cells from WG-patients 
 

It has been reported that TReg cells from patients are more 
susceptible to apoptosis than TReg cells from normal donors36. Therefore, it 
is possible that TReg cells from WG-patients fail to suppress the proliferation 
of TResp cells because they go into apoptosis. To exclude this possibility, we 
determined the rate of apoptosis of freshly isolated TReg cells from WG-
patients and controls after 6 days of culture in the presence and absence of 
polyclonal stimuli. Neither unstimulated TReg cells nor stimulated TReg cells 
from either WG-patients or HCs showed an increase of cell death (Figure 
4E). Furthermore, incubation of TReg cells derived from patients and HCs 
with 10% soluble anti-CD3 and IL-2 (100 units/mL) for 6 days induced a 
high degree of proliferation as compared with the proliferative response to 
anti-CD3 and anti-CD28 (Figure 4D). These results clearly suggest that TReg 
cells from WG-patients do not display enhanced susceptibility to apoptosis, 
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and therefore, failure of suppression was not due to altered survival of TReg 
cells. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: No link between defective suppressor function of TReg cells in Wegener’s granulomatosis 
(WG)-patients in remission and either TResp cell resistance or altered survival of TReg cells.  
(A and B) In 2 independent criss-cross in vitro proliferation assays, TReg cells from 2 WG-patients failed to 
inhibit the proliferation of either autologous TResp cells (solid bars) or TResp cells obtained from 2 age- and 
sex-matched healthy controls (HCs) (cross-hatched bars). TReg cells from 1 WG-patient (A) even increased 
the proliferation, instead of the suppression, of both autologous and control TResp cells. In contrast, TReg cells 
from HCs suppressed the proliferation of autologous TResp cells (open bars) and TResp cells isolated from 
WG-patients (diagonally-hatched bars). Values are the mean SEM of triplicate results. (C) Results from the 
proliferation assays in A and B are presented as percentages of suppression. Horizontal bars show the 
mean. (D) TReg cells derived from 2 WG-patients and 2 HCs exhibited a high degree of proliferation in 
response to anti-CD3 and interleukin-2 (IL-2) as compared with their proliferation in response to anti-CD3 
and anti-CD28. Values are the mean and SEM of triplicate results. (E) Percentage of viable (annexin V- PI-), 
early apoptotic (annexin V+ PI-), late apoptotic (annexin V+ PI+Low), and necrotic (PI+High) TReg cells in 2 WG-
patients and 2 HCs after 6 days of culture in medium alone versus medium supplemented with anti-CD3 and 
anti-CD28. TReg cells from WG-patients and HCs exhibit comparable levels of spontaneous apoptosis, and 
cells from neither WG-patients nor controls show a significant decrease in percentages of viable TReg cells 
after 6 days of culture. Values in each plot are the percentage of positive cells. 
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Discussion 
 

A reduction in number or impaired function of TReg cells has been 
observed in several autoimmune diseases4-12. In the present study, we 
examined whether a similar abnormality in TReg cells may occur in patients 
with WG whose disease was in remission. We demonstrated an increase in 
the percentage of circulating CD25+CD4+T-cells in WG-patients in 
remission, in accordance with a previous report27; however, in contrast to 
data from another study37, we found that circulating TReg cells 
(FoxP3+CD25High) exhibiting a memory phenotype were significantly 
increased in WG-patients as compared with age- and sex-matched healthy 
donors. Despite the increased proportion of circulating TReg cells in WG-
patients, the in vitro suppressive property of sorted CD25HighCD4+T-cells 
was significantly decreased. To the best of our knowledge, these data 
represent the first demonstration of a functional defect in TReg cells in 
patients with WG. 

Although low percentages of naïve CD4+T-cells were found in our 
WG-patients in remission, which is consistent with previous studies23;37, we 
observed a significant increase in the percentage of CD25High naive CD4+T-
cells. Interestingly, the majority of these naïve CD4+T-cells from WG-
patients were positive for FoxP3; however, no difference was observed in 
FoxP3+CD25High naïve CD4+T-cells between patients and controls. In 
comparison with healthy controls, a clear increase of FoxP3-expressing 
CD25HighCD4+T-cells was found in the memory cell population of patients 
with WG. Since the WG-patients had received or were still receiving 
immunosuppressive therapy, it is possible that treatment could have 
increased the percentage of TReg cells34;35. Based on our data, it is unlikely 
that the proportional increase in TReg cells in WG-patients was due to 
exposure to immunosuppressive medication, since we did not find a 
relationship between the percentages of TReg cells and either current or 
previous immunosuppressive treatment. Likewise, treatment in patients with 
juvenile idiopathic arthritis or RA has been reported not to alter the 
percentage of circulating CD25+CD4+T-cells6;38. 

Despite the increase in circulating TReg cells, an impaired 
suppressive function of CD25HighCD4+T-cells was observed in WG-patients. 
As shown by criss-cross experiments with T-cells from healthy controls, the 



Chapter 6 

 108 

failure of TReg cells to suppress TResp cells was related to a functional 
impairment of the TReg cells rather to a resistance of the TResp cells to 
suppression or to an altered survival of TReg cells. Functional defects in TReg 
cells have recently been reported in patients with autoimmune polyglandular 
syndrome type II (APS-II)7. The percentage suppression induced by TReg 
cells from healthy controls in that study was comparable to the percentage 
suppression found in the present study. Interestingly, consistent with the 
data from the APS-II patients, TReg cells from some WG-patients not only 
failed to suppress, but in some cases even increased the proliferation of 
autologous and HC TResp cells, which indicates a complete defect in the 
suppressive capacity of TReg cells.  

The inconsistency between the increased percentage of circulating 
TReg cells and the defective function of this population in WG-patients needs 
to be explained. The normal expression of FoxP3 in functionally impaired 
TReg cells in other autoimmune diseases7;12 together with the finding that 
human CD25-CD4+T-cells upregulate FoxP3 expression following 
stimulation imply that not all FoxP3-positive cells can be considered 
regulatory T-cells39-41. It is possible that in WG-patients, the response of 
CD4+T-cells to an as-yet-unknown antigenic stimulus may induce the 
expression of FoxP3 in combination with the expression of CD25. Indeed, 
higher frequencies of CD25HighCD4+T-cells and FoxP3-expression have 
been found in patients with tuberculosis42. Therefore, persistent T-cell 
stimulation is probably a better explanation for the increase in the 
percentage of FoxP3+CD25HighCD4+T-cells in our WG-patients in remission. 

The biological basis for the defective function of TReg cells in WG 
remains undefined. Expression of a loss-of-function mutant FoxP3 in TReg 
cells from WG-patients could be a possible reason for the defective TReg cell 
function. Furthermore, it has recently been reported that human TReg cells 
co-express 2 isoforms of FoxP3 (FoxP3 and FoxP3∆2), and the suppressive 
activity of TReg cells was present only when both FoxP3 isoforms were 
simultaneously expressed43. It is, therefore, possible that some of the 
circulating TReg cells from WG-patients lack the FoxP3∆2 isoform, which 
may be one of several explanations for the inconsistency between the 
increased percentage of TReg cells in vivo and the defective function of 
sorted CD25HighCD4+T-cells in vitro. It should be stressed that although 
animal models of FoxP3 deficiency result in autoimmune disease, the 
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human inherited FoxP3 deficiency disease known as immune dysregulation, 
polyendocrinopathy, and enteropathy, X-linked syndrome (IPEX) does not 
result in SLE, RA, or WG. Therefore, other factors such as PTPN22 
polymorphism, which has been described as a risk factor for WG44, might be 
important as well in the development of autoimmunity in WG. 

Further studies are necessary to establish the exact causes for 
dysfunction of TReg cells in WG-patients. Nevertheless, imbalances in 
homeostasis of CD4+T-cell subpopulations23, skewing in Th1/Th2 
cytokines45;46, and the production of auto-antibodies (ANCAs) in WG-
patients might be related to uncontrolled auto-reactive T-cell activation and 
proliferation due to a dysfunction of TReg cells in this disease.  

In conclusion, this study is the first to demonstrate an expanded 
proportion and functional deficit of circulating regulatory T-cells in WG-
patients in remission, which may underlie loss of self-tolerance in this 
disease and may contribute to its pathogenesis. 
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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. 
 
 
 
 
 
 
 
 



Chapter 7 

 120 

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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Introduction 
 

 Although the pathogenetic mechanisms involved in Wegener’s 
granulomatosis (WG) are not completely understood, considerable evidence 
support the concepts that activated T-cells play an important role in disease 
expression. It is, however, not clear which subsets of T-cells are involved in 
the aberrant (auto)immune response in WG.  

In order to understand aberrant T-cell responses in WG, it is 
mandatory first to consider normal T-cell homeostasis. T-cell precursors 
arise in the bone marrow and migrate into the thymus. In the thymus, these 
cells enter a selection process and learn how to recognize antigens and to 
discriminate between self- and nonself antigens. Only around 5% of T-cells 
survive the selection process and leave the thymus as natural regulatory T-
cells (nTReg cells) or conventional naïve T-cells (single positive CD4 or CD8 
T-cells). The nTReg cells enter the circulation and control auto-reactive 
responses in a cell contact-dependent way. Conventional naïve T-cells 
migrate towards secondary lymphoid organs as lymph nodes via the high 
endothelial venules (HEV). This migration is guided by the expression of the 
lymph node homing receptor CCR7 on naïve T-cells, which is required for 
passage across HEV in the lymph node vasculature. Upon antigenic 
stimulation, naïve T-cells express the activation marker CD69 and undergo 
expansion and differentiation into different T-cell subsets (Th1, Th2, Th17, 
cytotoxic T-cells, and induced TReg cells) which are characterized by the 
production of distinct cytokines and effector functions. This diversification in 
functional subsets of T-cells is dependent on the balance of cytokines 
locally present at the time of their induction, and is more obvious for CD4+T-
cells compared to CD8+T-cells.  It is well known that IL12 promotes 
commitment to the Th1 lineage that secretes IFN-γ and TNF-α, thereby 
inducing cell-mediated immunity to combat intracellular pathogens1;2. Under 
the influence of IL4, T-cells can differentiate into the Th2 lineage that 
secretes IL4, IL5, IL10 and IL13, thereby providing help for B-cells and 
inducing humoral immunity which is essential for the elimination of 
extracellular pathogens2;3. In addition, the combination of TGFβ and IL6 
induce the development of Th17 cells that secrete IL17 and IL21, which play 
an important role in host defence against extracellular pathogens that are 
not efficiently cleared by Th1- and Th2 responses4;5. Moreover, TGFβ, in the 
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absence of IL6, induces the development of a subtype of regulatory T-cells 
termed induced TReg cells (iTReg cells) that secrete IL10 and TGFβ, which 
facilitate the suppression of autoimmune responses via cytokine-dependent 
mechanisms4.  
 In addition to the role of cytokines, the strength of antigenic 
stimulation is a major factor in determining T-cell differentiation. Cells 
receiving insufficient stimulation remain nonfit and die by neglect, whereas 
cells receiving excessive stimulation die by activation induced cell death 
(AICD). Only the fittest cells survive and enter the effector pool6;7. Following 
expansion of effector T-cells and elimination of pathogens, a contraction 
phase ensues where apoptosis of effector cells ensures a return to 
homeostasis, whereas a fraction of antigen-specific T-cells survives and 
differentiates into memory T-cells. Based on the strength of the antigenic 
signal, two types of memory T-cells develop, which are defined by the 
expression of the lymph node homing chemokine receptor CCR7. Naïve T-
cells receiving a relatively weak stimulus will develop preferentially into 
CCR7+ central memory T-cells (TCM) that predominantly home to lymph 
nodes, whereas priming by a strong stimulus results in differentiation 
towards CCR7- effector memory T-cells (TEM) that fail to migrate to lymph 
nodes but have acquired the capacity to home to nonlymphoid tissues8.  

Determination of the phenotype of these various subpopulations in 
the peripheral blood of WG-patients may give insights into T-cell 
homeostasis in this disease. Perturbation in this homeostasis and decrease 
in one of the subpopulations during active disease may indicate a selective 
migration of these particular cells from the peripheral blood into the tissues 
where they may contribute to granuloma formation and vascular damage.  
 
 
Summary 
 

In chapter 2, we reviewed the literature on the dysbalances in T-cell 
phenotypes and pathogenic roles of CD4+T-cells, especially CD4+ effector 
memory T-cells, in the induction and expression of various autoimmune 
diseases including ANCA-associated vasculitis. In chapter 3, we examined 
the distribution of peripheral naive and memory CD4+- and CD8+T-cells in 
WG-patients in remission and during active disease, in order to investigate 
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the phenotype of T-cells involved in the setting of vascular injury in WG. We 
observed a persistent expansion of CD4+TEM cells with a reciprocal 
decrease in naïve CD4+T-cells in WG-patients during remission, whereas no 
differences were found in the distribution of CD8+T-cell subpopulations. The 
skewing towards CD4+TEM cells provides an important hint for the presence 
of a strong and persistent antigenic trigger in WG-patients, as generation of 
TEM cells requires both a strong and persistent immunological stimulus. 
Interestingly, our cross-sectional and follow-up data demonstrated that WG-
patients with active disease exhibited a significant decrease in circulating 
CD4+TEM cells compared with WG-patients in remission. For the 
interpretation of these results, two possibilities have been taken into 
consideration. The first possibility is that a decrease in the CD4+TEM-pool in 
active disease occurred due to migration of those cells into sites of 
inflammation. The second possibility is that CD4+TEM cells are regulatory T-
cells, which might operate by maintaining remission when increased, 
whereas a decrease in this cell populations occur during or preceding a 
relapse. 

The first possibility has been explored in chapter 4. Since infiltrating 
T-cells could contribute to renal inflammatory lesions of WG-patients with 
renal involvement, these cells were expected to appear in the urinary 
sediment. We have analysed the phenotype of CD4+T-cells in the urinary 
sediment and in the peripheral blood of patients with ANCA-associated 
vasculitis (AAV) with and without renal involvement, both during remission 
and disease relapse. We demonstrated that the majority of CD4+T-cells in 
the urine of AAV-patients belong to the TEM population. Most interestingly, 
we observed an increase in urine CD4+TEM cells in concordance with a 
decrease in circulating CD4+TEM cells in WG-patients with active renal 
involvement compared to patients in remission and to patients with active 
non-renal disease. The number of these cells clearly decreased in the urine 
following treatment, and their percentages in the urine were negatively 
correlated to their percentages in the peripheral blood. Therefore, we state 
that CD4+TEM cells migrate towards inflammatory sites and act as effector 
cells in tissue injury and disease expression in WG. 

To evaluate the second possibility, we determined the expression of 
FoxP3 (TReg cell marker) in CD4+TEM cells from WG-patients (chapter 3). 
Interestingly, the expanded CD4+TEM cells from WG-patients in remission 
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had a non-regulatory phenotype (FoxP3-CD4+TEM), whereas no difference 
was observed in the percentages of regulatory CD4+TEM cells 
(FoxP3+CD4+TEM) between WG-patients in remission and WG-patients with 
active disease. These data indicate that expansion of CD4+TEM cells is not 
owing to an enrichment of TReg cells, and raises an obvious question why 
relapses occur in WG if both patients in remission and patients with active 
disease have similar percentages of TReg cells. It has been suggested that 
abnormalities in TReg cell numbers and/or function are involved in the 
pathogenesis of several autoimmune diseases (as reviewed in chapter 5). 
Therefore, in chapter 6 we questioned whether a similar abnormality in TReg 
cells might occur in patients with WG. We found that TReg cells 
(FoxP3+CD25HighCD4+T-cells) exhibiting a memory phenotype (CD45RO+) 
were significantly increased in the peripheral blood of WG-patients as 
compared with healthy controls. The increase in TReg cells in WG-patients 
did not appear to be due to the effects of immunosuppressive treatment. 
Next, we evaluated in vitro the suppression capacity of TReg cells purified 
from WG-patients in comparison to age- and sex-matched healthy controls. 
Indeed, we observed an impaired suppressor function of TReg cells from 
WG-patients, and we demonstrated that lack of suppression was not 
attributed to either altered survival of TReg cells or to a resistance of 
responder cells towards inhibition. As FoxP3-expression is also observed in 
human activated non-regulatory CD4+T-cells9-11, it is possible that the 
FoxP3-expressing CD4+T-cells in WG-patients are rather activated T-cells 
than TReg cells. 
 The defect in TReg function may underlie loss of self-tolerance and 
may result in an inappropriate Th1/Th17/Th2 response. To this end, in 
chapter 7, we evaluated the distribution of circulating Th1, Th2, and Th17 
cells in WG-patients, and we analysed the cytokine pattern of PR3-activated 
CD4+T-cells. Antigen specific T-cell responses were determined by 
detecting de novo expression of the early activation marker CD69 and the 
intracellular cytokine expression of IFNγ, IL17, and IL4 as markers for Th1-, 
Th17-, and Th2-cells, respectively, following antigenic stimulation in vitro. 
We demonstrated a skewing towards Th17 and Th2 cells following in vitro 
stimulation of peripheral blood from WG-patients in remission. Most 
interestingly, increase in PR3-specific Th17 cells was exclusively observed 
in ANCA-positive WG-patients. This may indicate a role of Th17 cells in 
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induction of the humoral autoimmune response in this disease. In support of 
this, a study in patients with lupus nephritis revealed a direct role of IL17 in 
overproduction of autoantibodies12. On the other hand, IL17 may participate 
indirectly in the pathogenesis of WG by priming of neutrophils resulting in 
translocation of PR3 to their surface. In addition, IL17 is capable to attract 
and recruit neutrophils to the site of inflammation. 
   
 Taking all these observations into account, future perspectives for 
an active therapy for WG could be built on depletion of circulating CD4+TEM 
cells, manipulation of TReg cell function, and neutralization of IL17.  
 
 
General discussion and future perspectives 
 

 In this thesis, we demonstrated that CD4+TEM cells are expanded in 
the peripheral blood of WG-patients in remission and that the number of 
these cells reduces during active renal disease and appear in the urine, 
which is consistent with increased migration of these cells to sites of 
inflammation once disease activity occurs. This suggests that CD4+TEM cells 
contribute to tissue injury and granuloma formation in this disease.  
 A growing body of evidence implicates CD4+T-cells as a major 
factor in the generation of a mononuclear granulomatous response, which 
supports our findings. In CD4-deficient mice, delayed and poorly organized 
granuloma formation was observed following Mycobacterium tuberculosis 
infection13;14. In HIV-infected patients, depletion of CD4+T-cells leads to 
defective granuloma formation in pulmonary reactivity to Mycobacterium 
tuberculosis15. In WG-patients with active disease, CD4+T-cells with a 
memory phenotype are enriched in granulomatous lesions and broncho-
alveolar lavage fluid16;17. Most interestingly, Ruth et al. have recently 
demonstrated a key role for CD4+T-cells in the expression of crescentic 
glomerulonephritis18. They induced experimental autoimmune anti-MPO 
associated glomerulonephritis by immunizing C57BL/6 mice with human 
MPO and administration of anti-mouse GBM to induce cell influx into 
glomeruli. Mice depleted of CD4+T-cells at the time of administration of anti-
mouse GBM developed significantly less glomerular crescent formation and 
cell influx when compared to control mice. In contrast, B-cell-deficient mice 
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developed similar severe crescentic glomerulonephritis with accumulation of 
effector cells as control mice. These findings suggest that CD4+T-cell 
mediated immunity is a major effector pathway of injury in 
vasculitis/glomerulonephritis. In patients with ANCA-associated “pauci-
immune” glomerulonephritis, T-cells expressing a memory phenotype 
(CD45RO) were prominently present in glomeruli19. This finding corresponds 
well with our results presented in chapter 4 where a remarkable increase of 
CD4+TEM cells was observed in the urinary sediment of WG-patients with 
active renal involvement compared to patients in remission and patients with 
active non-renal disease. These cells clearly decreased or disappeared 
from the urine during remission, which reflects their participation in renal 
injury. Indeed, the capability of CD4+TEM cells to infiltrate and destroy 
microvessels has been recently reported by Shiao et al.20. They found that 
human CD4+TEM cells transferred into a SCID chimera model bearing a 
human skin graft, infiltrated this graft and destroyed human microvessel 
endothelial cells in the graft. Thus, the appearance of CD4+TEM cells in the 
urine of WG-patients confirms their involvement in renal injury and disease 
development. Detection of CD4+TEM cells in the urine using flow cytometry 
technique could provide a new approach for assessing disease severity in 
WG-patients with renal involvement. This procedure has advantage over the 
renal biopsy in that it can be repeated as often as necessary and thus 
facilitates monitoring of the progression and regression of renal lesions over 
time. 
 Several lines of evidence confirm the central role of TEM cells in the 
pathogenesis of autoimmune diseases. First, autoantigen-specific T-cells in 
patients with diabetes mellitus type-121 and patients with multiple sclerosis 
are TEM cells22. Second, TEM cells are the predominant cells in the synovium 
of patients with rheumatoid arthritis 21;23, in the skin lesions of patients with 
psoriasis 23;24, and in multiple sclerosis inflammatory brain infiltrates25. Third, 
experimental autoimmune encephalomyelitis, an animal model for multiple 
sclerosis, was induced by transfer of myelin-specific TEM cells into naïve 
recipients26. Last, colitis has been induced in SCID mice by adoptive 
transfer of colitogenic lamina propria CD4+TEM cells obtained from inflamed 
mucosa of colitic SCID mice27;28. According to the aforementioned evidence 
and our own findings, we believe that CD4+TEM cells act as a key trigger of 
disease expression and relapse in WG. It is possible that endothelial cells, 
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during active WG, express ligands for CD4+TEM cells that augment their 
trans-endothelial migration and effector function. Indeed, the kidney 
endothelium from WG-patients with active disease express the major 
histocompatibility complex class I chain-related molecule A (MICA)29. This 
molecule provides a costimulatory signal to CD4+TEM cells via interaction 
with NKG2D, a member of the killer immunoglobulin-like receptor family that 
mediates their cytotoxic function. It has been shown that NKG2D+CD4+T-
cells can kill targets via NKG2D-MICA interaction30. Therefore, it is possible 
that the same mechanism contributes to renal injury and disease 
progression in WG-patients.  Accordingly, selective targeting of CD4+TEM 
cells without impairing other parts of cellular immunity might have value in 
the treatment of WG. Recent studies revealed the presence of high levels of 
the voltage-gated Kv1.3 K+ channel on activated TEM cells. Inhibition of the 
Kv1.3 channel effectively decreases cytokine production and suppresses 
proliferation of autoantigen-specific TEM clones from patients with 
rheumatoid arthritis and patients with type-1 diabetes mellitus23. In addition, 
blockade of the Kv1.3 channel effectively prevented autoimmune disease in 
experimental autoimmune encephalomyelitis (EAE) and suppressed 
delayed-type hypersensitivity (DTH) in rats26;31. Therefore, selectively 
targeting of CD4+TEM cells using Kv1.3-blockers may hold therapeutic 
promise for WG. 
 
 Since TReg cells inhibit the proliferation of both naïve and memory T-
cells32 and reduce transendothelial migration and recruitment of T-cells33, a 
defect in suppressive function of TReg cells that we observed in WG-patients 
can sustain the persistent expansion and migration of CD4+TEM cells 
towards inflammatory sites, thereby contributing to granuloma formation in 
this disease. Although malfunction of TReg cells may favor pathogenic 
responses in several autoimmune diseases, the etiology of this malfunction 
still remains unresolved and needs further study. Future studies will have to 
demonstrate whether pharmacological manipulation of TReg cell function is a 
promising therapeutic approach for WG and other autoimmune diseases. 

Beside the key role of TReg cells in the manifestation of autoimmune 
diseases, a recent breakthrough has revealed a new target that is 
represented by the finding that Th17 cells are the main subset capable of 
inducing autoimmunity. It was assumed, until recently, that multiple sclerosis 
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and its mouse model, that is experimental autoimmune encephalomyelitis 
(EAE), are caused by IFNγ-producing Th1 responses34. However, mice 
deficient in either the Th1-polarizing cytokine IL12, IFNγ, or the IFN-
receptor, show increased susceptibility to EAE35-37, whereas induction of 
disease was blocked in mice deficient in IL17 or in the Th17 polarizing 
cytokine IL2337;38. Similarly, blocking IL17 in rodent models of arthritis 
protects against inflammation and bone destruction, whereas administration 
of IL17 exacerbates disease39. In addition, increased expression of IL17 in 
humans has been observed in a growing list of autoimmune and 
inflammatory diseases40-44. These data suggests a role for Th17 cells, rather 
than Th1 cells, in the pathogenesis of autoimmune inflammatory diseases. 
Consistent with these findings, we found a significant increase in the 
percentages of Th17 cells in in vitro stimulated peripheral blood from WG-
patients as compared to healthy controls, whereas no difference was 
observed in the percentages of Th1 cells. Most importantly, we found a 
relative increase in PR3-specific Th17 cells, rather than Th1 cells, in ANCA-
positive WG-patients in comparison to ANCA-negative WG-patients and 
controls. This suggests involvement of Th17 cells in the process of 
autoantibody production in WG. The role of IL17 in overproduction of anti-
dsDNA autoantibodies has been investigated in patients with lupus 
nephritis45. More recently, Hsu et al. reported that IL17 promotes the 
formation of autoantibody-producing germinal centers in autoimmune BXD2 
mice46. This suggests a pathogenic potential of Th17 cells in WG 
comparable to other autoimmune diseases. Apart from induction of 
autoantibody production, IL17 is capable of priming neutrophils and 
promoting their migration. It has also been shown that IL17 promotes the 
release of IL1β and TNFα from macrophages47. These proinflammatory 
cytokines prime resting neutrophils resulting in translocation of proteinase 3 
(PR3) on their cell surface48 and induce upregulation of adhesion molecules 
on neutrophils as well as on the vascular endothelial cells49;50, which creates 
conditions for ANCA-induced neutrophil-dependent endothelial cell lysis. In 
addition, 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 myeloperoxidase51;52. 
Thus, increased Th17 response in WG-patients may contribute to neutrophil 
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recruitment and granuloma formation. Interestingly, induction of PR3-
expression on neutrophils by IL17, together with the breakdown of TReg-
mediated self-tolerance mechanisms, may trigger an autoreactive T-cell 
response against PR3 ending up in PR3-ANCA production in WG-patients. 
In this way, Th17 cells trigger both innate and adaptive arms of the immune 
response in WG. This finding will lead to a better understanding of the 
pathogenesis of WG, and generate new concepts with therapeutic 
implications. 

Different subpopulations of T-cells have distinct functions and their 
interplay is crucial in eliminating microbes. Imbalances in immune 
homeostasis due to disturbed distribution of these T-cell subpopulations can 
be damaging to the host. In WG, the trigger that leads to an imbalance in T-
cell homeostasis remains to be defined. It is generally accepted that the 
initial trigger of pathogenic immune responses in WG takes place in the 
respiratory tract, since the involvement of the respiratory tract frequently is 
the initial manifestation of this disease. Chronic nasal carriage of 
Staphylococcus aureus has been reported to be a strong risk factor for 
relapse in WG and to be associated with ANCA positivity53. This exogenous 
trigger can elicit an inflammatory response resulting in PR3-release from 
neutrophil granulocytes. Due to a dysfunction of TReg cells in WG-patients, 
naïve CD4+T-cells may undergo repeated PR3 autoantigenic stimulation 
and differentiate into pathogenic CD4+TEM cells that migrate quickly to sites 
of inflammation and contribute to tissue damage. In addition, PR3 induces 
activation of Th17 cells that release IL17. This cytokine enhances the 
production of proinflammatory mediators and aggravates priming of 
neutrophils. Moreover, IL17 may promote germinal center responses and 
induce the production of ANCA autoantibodies. ANCA mediated neutrophil 
activation also triggers reactive oxygen radical production and causes 
degranulation and release of the proteolytic enzymes that damage the 
endothelial cells ending up in vasculitis.  

Collectively, the dual limbs of adaptive immunity, cellular and 
humoral, as well as the innate immunity are all involved in the pathogenesis 
of WG. This revised view on the pathophysiology of vasculitis may lead to 
the identification of possible new targets for therapeutic intervention.   
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De ziekte van Wegener: 
 

 De ziekte van Wegener is een aandoening waarbij om onbekende 
redenen ontstekingen van kleine bloedvaten op allerlei plaatsen in het 
lichaam kunnen ontstaan (zogenaamde systeemvasculitis). Daarnaast wordt 
deze ziekte gekenmerkt door ophoping van ontstekingscellen, in de vorm 
van een zogenaamde granulomateuze ontstekingsreactie, vooral in de 
bovenste luchtwegen (neus en neusbijholten), maar ook op andere plaatsen 
in het lichaam. Bij de meeste patiënten begint deze ziekte sluimerend in de 
bovenste luchtwegen (gelokaliseerde fase) met verschijnselen zoals 
neusbloedingen, verstopte neus, koorts, gewichtsverlies en vermoeidheid, 
en kan zich verder verspreiden naar andere organen (gegeneraliseerde 
fase) waarbij de nieren veelal zijn aangedaan, een vaak levensbedreigende 
situatie. 
 Deze ziekte komt weinig voor (26/miljoen in de Verenigde Staten en 
40-60/miljoen in Europa) en dan (nog) vooral bij leden van het Kaukasische 
ras. De patiënten genezen meestal niet, maar de ziekte is vaak wel te 
onderdrukken. In het algemeen worden medicijnen gebruikt die het 
afweersysteem onderdrukken en het optreden van ontstekingsreacties 
afremmen.  
 De ziekte van Wegener is genoemd naar de Duitse patholoog 
Friedrich Wegener die deze ziekte in 1939 voor het eerst beschreef. Later, 
in de jaren 80, werd duidelijk dat deze ziekte als een auto-immuunziekte 
beschouwd kan worden. Er werd namelijk aangetoond dat patiënten met 
deze ziekte antistoffen maken tegen lichaamseigen eiwitten 
(autoantistoffen). Deze antistoffen zijn gericht tegen enzymen die aanwezig 
zijn in de korrels van eigen neutrofiele granulocyten en monocyten, vooral 
tegen het enzym proteïnase-3 (PR3). In wetenschappelijke termen worden 
deze autoantistoffen ANCA genoemd als afkorting van Anti-Neutrofiele 
Cytoplasmatische Antistoffen. Aantonen van ANCA in het bloed is van 
belang bij het stellen van de diagnose. Het feit dat de ANCA-spiegel in het 
bloed fluctueert met de klinische ziekte-activiteit doet vermoeden dat deze 
autoantistoffen een rol spelen in het ziekteproces. Gegevens uit studies in 
het laboratorium en diermodellen van de ziekte ondersteunen deze 
hypothese. Aangetoond is dat PR3-moleculen op het celoppervlak van 
neutrofiele granulocyten verschijnen mogelijk als gevolg van een locale 
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infectie. Deze bij een lokale infectie geactiveerde granulocyten kunnen zich 
hechten aan de binnenbekleding van bloedvaten. Vervolgens binden in het 
bloed circulerende ANCA zich aan het PR3 op de neutrofiele granulocyten. 
Als gevolg hiervan storten deze cellen allerlei schadelijke enzymen en 
zuurstofradicalen uit. Hierdoor zal schade aangebracht worden aan de 
wand van (kleine) bloedvaten, waardoor deze verstopt raken wat leidt tot 
schade aan omliggend weefsel. In dit model spelen ANCA dus een hele 
duidelijke rol in het ziekmakende proces.  
 ANCA autoantistoffen worden, evenals andere antistoffen, door 
antistofproducerende cellen (B-cellen) gemaakt nadat deze een boodschap 
hebben ontvangen van andere cellen (T-cellen). Met andere woorden, T-
cellen spelen een grote rol bij de productie van ANCA en kunnen zo een 
essentiële betekenis hebben bij het ontstaan van deze ziekte. Voordat wij in 
detail de rol van T-cellen bij de ziekte van Wegener bepreken, is het van 
belang om een algemeen overzicht te geven over het ontstaan en de 
ontwikkeling van verschillende soorten van T-lymfocyten (T-cel subsets) en 
hun rol in het afweersysteem.  
 
 
T-cel subsets 
 

 Voorlopercellen van T-lymfocyten migreren vanuit het beenmerg 
naar de thymus, waar de uitrijping van T-lymfocyten plaats vindt. In de 
thymus vindt selectie van de T-lymfocyten plaats, waarbij onderscheid wordt 
gemaakt tussen T-lymfocyten die lichaamseigen eiwitten herkennen en T-
lymfocyten die lichaamsvreemde eiwitten herkennen. Een minderheid (5%) 
van deze cellen, namelijk die welke niet tegen lichaamseigen eiwitten 
reageren, overleven dit selectie proces en verlaten de thymus als repertoir 
T-cellen, die tegen lichaamsvreemde eiwitten kunnen reageren, of als 
regulerende T-cellen (regulatoire T-cellen genoemd) die de reactie van 
repretoire T-cellen reguleren. Hoewel autoreactieve T-cellen (T-cellen die 
lichaamseigen weefsel herkennen en beschadigen) worden verwijderd in de 
thymus, ontsnapt een deel van deze cellen aan dit proces en circuleren in 
het perifere bloed. Regulatoire T-cellen zorgen er tevens voor dat 
ongewenste immuunreacties door autoreatieve T-cellen worden onderdrukt 
om zo schade aan lichaamseigen cellen te voorkomen.  
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 De repertoir T-cellen migreren naar de secundaire lymfoïde 
organen, zoals de lymfknopen of milt. In het secundair lymfoïd weefsel 
komen deze T-cellen voor het eerst in contact met lichaamsvreemde stoffen 
(antigenen) die gepresenteerd worden door zogenaamde antigeen 
presenterende cellen. Specifieke T-cellen die dit antigeen herkennen raken 
geactiveerd waardoor deze gaan prolifereren (vermenigvuldigen) en hierbij 
ontstaan T geheugen cellen (‘memory’ T-cellen) en T-helper cellen (Th). 
Geactiveerde Th-cellen brengen B-cellen tot activatie door directe interactie 
en door het uitscheiden van zogenaamde cytokines 
(ontstekingsbevorderende eiwitten). Na activatie produceren B-cellen 
antistoffen die zullen binden aan een bepaald antigeen waardoor andere 
componenten van het immuunsysteem dit complex herkennen en kunnen 
verwijderen. 
 Th-cellen kunnen onderverdeeld worden in diverse subsets, 
afhankelijk van het type geproduceerde cytokinen die de functie van Th-
cellen kunnen bepalen. De eerste subset van Th-cellen (Th1-cellen, 
gekarakteriseerd door de productie van het cytokine gamma-interferon 
[IFNγ]) zorgt voor het stimuleren van cel-gebonden afweer tegen 
intracellulaire ziektevewekkers. Naast de Th1-cellen bestaan er nog andere 
subsets zoals Th2-cellen (gekarakteriseerd door de productie van de 
cytokines interleukine (IL)-4, IL-5, IL-10 en IL-13), die een belangrijke 
functie vervullen in de afweer tegen extracellulaire bacteriën en parasieten. 
Onlangs heeft men een derde Th-cel subset ontdekt die Th-17 genoemd is 
(gekarakteriseerd door de productie van IL-17 en IL-21). Th-17 cellen 
spelen een belangrijke rol in de afweer tegen ziektevewekkers die niet 
efficiënt opgeruimd worden door de genoemde immuunreacties opgewekt 
door Th1- en Th2-cellen. 
 Na de activatie-fase en verwijdering van ziektevewekkers volgt een 
afsterf-fase (apoptose) van repretoir- ofwel effector T-cellen om zo terug te 
keren naar de uitgangssituatie, terwijl een deel van de geactiveerde T-cellen 
overleven en zich ontwikkelen tot geheugen T-cellen. De signaalsterkte die 
de naïeve T-cel ontvangt beïnvloedt de soort geheugen T-cellen die 
ontstaan. Een zwak signaal leidt tot de ontwikkeling van zogenaamde 
centrale geheugen cellen (TCM) die terug kunnen migreren naar het 
secundair lymfoïd weefsel, terwijl naïeve T-cellen die langdurig een sterk 
signaal ontvangen zich ontwikkelen tot effector geheugen T-cellen (TEM) die 
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naar alle lichaamsweefsels kunnen migreren behalve naar het lymfoïd 
weefsel. 
 
 
T-cellen bij de ziekte van Wegener 
 

 Er zijn sterke aanwijzingen dat T-cellen een belangrijke rol kunnen 
spelen bij de ziekte van Wegener. Geactiveerde T-cellen zijn aangetoond in 
het bloed van WG-patiënten niet alleen tijdens actieve ziekte, maar ook 
tijdens de rustige fase. Dit suggereert dat T-cellen door permanent 
aanwezige prikkels geactiveerd raken. Opmerkelijk is dat T-cellen, vooral 
memory Th-cellen, migreren naar en ophopen op plaatsen met 
granulomateuze ontsteking en zo weefselschade veroorzaken. Uit humaan 
onderzoek bleek verder dat ziekte-activiteit bij WG-patiënten geremd kan 
worden door het verwijderen van T-cellen met behulp van antistoffen. 
Gezamenlijk verwijzen deze bevindingen naar de rol van T-cellen als 
ziekteverwekkend bij de ziekte van Wegener.  
 Hoewel de betrokkenheid van T-cellen in deze ziekte tot op heden 
in verschillende studies is onderzocht, is de vraag betreffende het fenotype 
en de functie van ziekteverwekkende T-cellen nog niet beantwoord. Het 
doel van het onderzoek beschreven in dit proefschrift was om na te gaan of 
de homeostase van T-cellen in patiënten met de ziekte van Wegener 
verstoord is. En indien dat zo zou zijn, na te gaan welke subsets van T-
cellen een rol spelen bij de opvlamming van deze ziekte. Sinds enkele jaren 
is er hernieuwde aandacht voor de rol van regulatoire T-cellen bij 
autoimmuun ziekten. Een ander belangrijk doel van dit onderzoek was 
daarom om na te gaan of de functie en/of het aantal van regulatoire T-cellen 
verstoord zijn bij WG-patiënten.  
 
 
Dit proefschrift: 
 

Wij hebben allereerst (hoofdstuk 2) de literatuur samengevat 
betreffende de dysbalans in het fenotype van T-cellen en hun rol, vooral van 
CD4+ effector geheugen cellen, bij het ontstaan van systemische auto-
immune vasculitis, waaronder de ziekte van Wegener. In hoofdstuk 3 
hebben wij de verdeling van de circulerende naïeve- en geheugen T-cellen 
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onderzocht bij WG-patiënten in remissie en tijdens actieve ziekte. Wij 
vonden dat het aantal circulerende CD4+ effector geheugen T-cellen relatief 
was toegenomen met tegelijkertijd een daling van het aantal naïeve CD4+T-
cellen bij WG-patiënten in remissie in vergelijking met gezonde personen, 
terwijl geen verschillen werden gevonden in de CD8+T-cel subsets. Hieruit 
blijkt dat naïeve CD4+T-cellen gestimuleerd worden door een sterke en 
persisterende stimulus die leidt tot proliferatie en differentiatie in de richting 
van CD4+ effector geheugen T-cellen. Interessant genoeg en tot onze 
verbazing waren de CD4+ effector geheugen T-cellen sterk afgenomen in 
het perifere bloed van WG-patiënten met actieve ziekte in vergelijking met 
patiënten in remissie. Het verschil in aantal CD4+ effector geheugen T-
cellen tussen patiënten in remissie en patiënten met actieve ziekte kan op 
twee manieren geïnterpreteerd worden. De eerste is dat de daling in 
circulerende CD4+ effector geheugen cellen bij actieve ziekte plaats vindt 
vanwege de migratie en infiltratie van deze cellen in het ontstekingsweefsel 
tijdens actieve ziekte. De tweede is dat deze CD4+ effector geheugen T-
cellen regulatoire T-cellen kunnen zijn, die zorgen voor de onderdrukking 
van ziekte activiteit, waarbij afname van deze cellen leidt tot actieve ziekte. 
 

De eerste mogelijkheid is onderzocht in hoofdstuk 4. Aangezien er 
tijdens een actieve nierontsteking ten gevolge van de schade aan het 
nierweefsel, infiltrerende T cellen in de urine terecht kunnen komen, 
veronderstelden wij dat het urinesediment wellicht een beter compartiment 
is om T-cell fenotypering in te verrichten. Bestudering hiervan zou iets 
kunnen zeggen over het type gemigreerde cellen. Het aantal CD4+TEM 
cellen werd bepaald in zowel perifeer bloed als urinesediment tijdens 
remissie en actieve ziekte bij patiënten met ANCA-geassocieerde vasculitis 
met en zonder nierschade. Het absolute aantal van deze cellen werd ook 
longitudinaal gevolgd bij patiënten met actieve nierschade, vóór en tot een 
aantal weken na behandeling. Hieruit bleek dat de T-cellen in de urine van 
patiënten behoren tot de subset van CD4+TEM cellen. Het aantal CD4+TEM 
cellen in de urine was relatief toegenomen samen met afname van het 
aantal CD4+TEM in het perifere bloed bij patiënten met actieve nierschade in 
vergelijking met rustige ziekte. Het aantal CD4+TEM cellen nam sterk af in de 
urine na behandeling, en hun percentage in de urine was negatief 
gecorreleerd met hun percentage in het perifere bloed. Dit doet vermoeden 
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dat migratie van CD4+TEM cellen vanuit het perifere bloed plaatsvindt naar 
ontstekingweefsel (zoals de nier) tijdens actieve ziekte.  

 
Om de tweede mogelijkheid te onderzoeken, hebben wij de 

percentages van regulatoire T-cellen bepaald binnen de circulerende 
CD4+TEM cellen bij WG-patiënten in remissie en tijdens actieve ziekte 
(hoofdstuk 3). Wij vonden bij beide patiëntengroepen hetzelfde percentage 
regulatoire T-cellen binnen de populatie van CD4+TEM cellen. Dus, de 
toename van circulerende CD4+TEM cellen bij WG-patiënten in remissie kan 
niet beschouwd worden als toename van regulatoire T-cellen. Deze 
resultaten leidden tot de vraag of er misschien iets mis is met de functie van 
regulatoire T-cellen bij patiënten met de ziekte van Wegener.  
 
 Men heeft aangetoond dat regulatoire T-cellen een remmend effect 
kunnen uitoefenen op de afweerreactie tegen lichaamseigen eiwitten en 
hiermee auto-immuunziekten kunnen voorkomen (hoofdstuk 5). Bij 
patiënten met een auto-immuun aandoening is er sprake van een verlaagd 
aantal regulatoire T-cellen of een vermindering van hun remmende functie. 
Om verder inzicht te krijgen in de rol van regulatoire T-cellen bij WG, 
hebben wij in hoofdstuk 6 de aanwezigheid en de functie van regulatoire T-
cellen bij WG-patiënten onderzocht. Het bleek dat WG-patiënten in remissie 
weliswaar een hoger percentage regulatoire T-cellen hebben ten opzichte 
van gezonde controlepersonen, maar dat deze T-cellen een verstoorde 
suppressie capaciteit vertonen. De defecte functie van regulatoire T-cellen 
bij WG-patiënten kan, voor een deel, het ontstaan van deze auto-
immuunziekte verklaren. Verbetering van de functie van regulatoire T-cellen 
biedt voor de toekomst wellicht een alternatieve therapeutische strategie 
voor deze ziekte.  
 

De verstoorde functie van regulatoire T-cellen betekent dat er geen 
controle wordt uitgeoefend op specifieke T-cellen die reageren met 
lichaamseigen antigenen en dit kan een verstoord evenwicht tussen 
Th1/Th2/Th17 cellen tot gevolg hebben. Dit werd onderzocht in hoofdstuk 
7. Hiervoor werd het bloed van zowel gezonde donoren als ANCA-positieve- 
en ANCA-negatieve-patiënten gestimuleerd met PR3 en controle 
stimulantia. Hierdoor zullen de T-cellen met specificiteit voor deze antigenen 
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uitgroeien en cytokines produceren. Het cytokine profiel van deze T-cellen 
werd via flowcytometrische analyse bepaald middels expressie van 
oppervlakte activatie-markers en intracellulaire cytokinekleuring. Uit de 
resultaten van deze studie bleek dat Th17 cellen relatief zijn toegenomen bij 
WG-patiënten in vergelijking met gezonde controles. Een toename in PR3-
specifieke Th17 cellen werd uitsluitend gezien bij ANCA-positieve patiënten, 
in tegenstelling tot ANCA-negatieve patiënten en gezonde controles. Dit 
suggereert dat Th17 cellen mogelijk een rol kunnen spelen bij de productie 
van ANCA. De betrokkenheid van IL-17 bij toename van autoantistof-
productie is eerder beschreven bij patiënten met SLE. Daarnaast is IL-17 
indirect van belang bij de stimulatie en migratie van neutrofiele 
granulocyten. Dus, de Th17-respons bij WG-patiënten kan een schakel 
vormen tussen het adaptieve en aangeboren afweersysteem. Deze 
resultaten werpen een nieuw licht op de rol van Th17 cellen bij de 
pathogenese van de ziekte van Wegener. 

 
Concluderend heeft de studie, beschreven in dit proefschrift, een 

bijdrage geleverd aan ons inzicht in de cellulaire immuun respons bij de 
ziekte van Wegener. Hopelijk leidt dit in de toekomst tot een meer specifieke 
behandeling van de ziekte van Wegener. 
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