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Chapter 1

Introduction

Vasculitis is a histopathological term used to describe inflammation of blood vessels. 

The inflammatory process targeting blood vessels can lead to vessel wall necrosis, 

scarring, thickening and narrowing of the vascular lumen resulting in reduced perfusion 

of organs affected or to hemorrhage. The deprivation of oxygen and nutrients induces 

end organ damage, and eventually may cause organ failure. All blood vessels throughout 

the body can be affected, ranging from large arteries and veins to small veins and 

arteries, arterioles and capillaries.

Although the development of vasculitis can be due to a wide range of causes, most 

commonly the cause is not identifiable and no underlying disease is present. When 

the cause is identified, the disease is termed secondary vasculitis and can be due to 

infections, drugs, cancer or is of autoimmune origin. Based on clinical symptoms, 

pathological findings and, the size of the affected vessels, vasculitis can be subdivided 

into large, medium, small or variable vessel vasculitis according to the Chapel Hill 

consensus criteria for vasculitis (1). This thesis will focus on Anti-Neutrophil-Cytoplasmic 

Antibody (ANCA) associated vasculitis (AAV), a form of medium to small vessel vasculitis 

of autoimmune origin.

ANCA associated vasculitis (AAV)

AAV constitutes a heterogeneous group of autoimmune syndromes hallmarked 

by pauci-immune necrotizing vascular inflammation. Characteristic for AAV is 

the presence of anti-neutrophil-cytoplasmic antibodies (ANCA); autoantibodies 

predominantly directed against neutrophilic lysosomal enzymes, in particular proteinase 

3 (PR3-ANCA) or myeloperoxidase (MPO-ANCA) (1). Based on ANCA specificity, clinical 

symptoms and affected organs, AAV can be subdivided into three disease entities; 

microscopic polyangiitis (MPA), eosinophilic granulomatosis with polyangiitis (EGPA) 

and granulomatosis with polyangiitis (GPA) (1-3). GPA is predominantly associated with 

the presence of PR3-ANCA whereas MPO-ANCA are more frequently observed in MPA 

and EGPA. More recently, it has been proposed that it may be more appropriate to 
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distinguish patients based on ANCA specificity as whole genome association studies 

indicated that PR3-ANCA and MPO-ANCA patients are genetically distinct and may have 

a different pathogenesis and clinical behavior (4, 5).

Although AAV may occur at any age, it is predominantly a disease of the elderly, with 

a peak age of onset between 64-75 years (6). Clinical presentation of patients with AAV 

is highly diverse as small to medium sized blood vessels throughout the body can be 

affected. Non-specific complaints, such as fatigue, weight-loss, myalgia and fever often 

are the first complaints of active disease. For patients with PR3-ANCA positive disease, 

kidneys, lungs and upper airways are frequently involved. For patients with MPO-ANCA 

positive disease, lung involvement may be predominant which results in fibrotic damage 

compared to PR3-ANCA positive patients. Moreover, MPO-ANCA positive patients 

also frequently have kidney involvement and are more likely to be detected in a later 

stage of disease (7-9). For EGPA, only 50% of patients are ANCA positive with the vast 

majority presenting with MPO-ANCA. Moreover, EGPA is characterized by eosinophilic 

inflammation and infiltration, which distinguishes it from GPA and MPA (10). Symptoms 

often mimic allergic asthma, but with an onset later in life and without demonstrable 

allergy. In this thesis, the focus will predominantly be on GPA and MPA. Therefore, EGPA 

will not be discussed further.

Onset and pathogenesis of ANCA associated vasculitis

The development of AAV is multifactorial in which genetic susceptibility, aberrations 

in immune regulatory mechanisms, environmental factors and infections likely play 

a role. Several genome wide association studies (GWAS) have identified genes that 

increase the risk for AAV development. The strongest associations were found for major 

histocompatibility complex (MHC) class 2 genes identifying variants in the HLA-DP locus 

as a genetic risk factor for PR3-ANCA positive disease whereas variants in the HLA-DQ 

locus are associated with MPO-ANCA positive vasculitis (4,5). Besides MHC class 2, other 

gene variants reported to be associated with GPA include SERPINA1 (encoding α1-

antitrypsin), PRTN3 (encoding PR3), PTPN22 (tyrosine protein phosphatase non-receptor 

type 22) and SEMA6A (semaphorin 6A) (11, 12).

1
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Figure 1: Proposed pathogenesis of AAV. 
Upon a microbiological threat, the innate immune system is acti vated. Dendriti c cells are 
acti vated and produce pro-infl ammatory cytokines such as IL-6 and TGF-β. These cytokines 
induce the diff erenti ati on of naïve T cells into T helper 17 cells (Th17). The IL-17A produced 
by the Th17 cells, induces the producti on of IL-1β and TNF-α by macrophages and acti vates 
neutrophils. The pro-infl ammatory cytokines in combinati on with the microbiological threat and 
the acti vated complement system induce the formati on of neutrophil extracellular traps (NETs). 
NETs are coated with intracellular components and increase the immunogenicity of MPO and 
PR3. Next, PR3 and MPO are presented to auto-reacti ve T helper cells, and induce the maturati on 
of autoreacti ve B cells into ANCA producing plasma cells. The ANCAs produced then bind to 
primed neutrophils and acti vate these neutrophils to produce reacti ve oxygen species (ROS) 
and release proteolyti c enzymes resulti ng in endothelial damage. Moreover, acti vated T helper 
cells, such as TEM cells enhance the vascular infl ammati on, via the secreti on of cytotoxic enzymes. 
Under healthy conditi ons, Tregs are able to augment and inhibit the enhanced autoimmune 
response. In AAV however, Tregs have a diminished suppressive functi on and are unable to 
suppress the acti vati on and proliferati on of TEM cells eff ecti vely.
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The presence of predisposing genes alone is insufficient for the development of AAV. 

Clinical observations have linked the occurrence of AAV to infections, especially with 

Staphylococcus aureus. Our group and others previously identified that chronic nasal 

carriage of S. aureus was significantly higher in GPA and MPA patients compared to 

healthy individuals and is associated with relapse. In addition, treatment with the 

antibiotic cotrimoxazole reduced the risk of disease relapse in these patients (13, 14). 

Moreover, other infectious agents, such as hepatitis B and Heliobacter pylori, have also 

been linked to active disease as high antibody titers against these microbes were found 

in serum of active patients (15).

The exact mechanisms by which infections in general and Staphylococcus aureus 

infections specifically can breach tolerance towards the ANCA antigens in AAV is 

currently unknown. However, some hypotheses have been put forward. First, some 

data exist suggesting the existence of a protein expressed by S. aureus that contains 

a peptide that is highly homologues to human PR3. This complementary PR3 protein 

is translated from the antisense DNA strand from the PR3 gene. Based on idiotype-

anti-idiotype reaction, antibodies are formed against PR3. Mice immunized with the 

complementary PR3 protein indeed form PR3-ANCAs. However, data in humans on 

antibodies directed against complementary PR3 are less conclusive as only a small 

fraction of patients appears to possess these antibodies (16, 17).

More recently, it has been suggested that proteins derived from Staphylococcus aureus 

that directly interact with the ANCA antigens PR3 and MPO, could facilitate the break 

of tolerance. Staphylococcal peroxidase inhibitor (SPIN) and extracellular adherence 

protein (Eap) are proteins expressed and secreted by S. aureus that form complexes with 

MPO and PR3, respectively. These Eap-PR3 and SPIN-MPO complexes can be recognized 

by naturally occurring anti-MPO or anti-PR3 B cells (18, 19). Upon internalization and 

processing of these complexes, bacterial fragments are presented in the context of MHC 

II to Eap or SPIN specific T helper cells. Upon recognition, the T helper cells stimulate 

ANCA producing B cells, promoting antibody isotype switching and affinity maturation 

that may lead to high affinity, potentially pathogenic, PR3 or MPO specific IgG’s (20).

1
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Additionally, the formation of neutrophil extracellular traps (NETs) may also play a 

role in the increased immunogenicity of PR3 and MPO (21). NETs are extracellular traps 

formed by activated neutrophils containing DNA and intracellular proteins, mainly from 

granules. NET formation is initiated in order to restrain potential microbiological threats, 

such as Staphylococcus aureus. The formation of NETs is closely regulated as extensive 

NET formation can lead to angiopathy (22-24). Among other damage associated molecular 

patterns (DAMPs), PR3 and MPO are present in NETs. The combination of DAMPs and 

proteins such as PR3, MPO and chromatin fibers can increase the antigenicity of MPO 

and PR3 (25). Although this might be a nonspecific process, a disturbance in the effective 

clearance of NETs has been reported in several autoimmune diseases including AAV (26, 

27) and may promote the autoimmune response by exposing ANCA antigen-chromatin 

complexes to the immune system.

Although the exact pathogenesis of AAV is not yet fully unravelled, it most likely 

involves a complex interplay between the innate and adaptive immune system (28, 29). 

Upon an infection with for example S. aureus, antigen presenting cells (APCs) start to 

phagocytose the threat and present antigens to naïve T cells in the context of MHC class 

II. Concomitantly, the APCs produce pro-inflammatory cytokines such as tumor growth 

factor β (TGF-β) and IL-6 which upon antigen recognition by the T cells promote T cell 

differentiation towards activated T helper 17 (Th17) cells. The production of IL-17A by the 

activated Th17 cells stimulates macrophages to produce IL-1β and tumor necrosis factor 

α (TNF-α). IL-1β and TNF-α activate and prime neutrophils to express and release MPO 

and PR3 and initiate the binding of neutrophils to the endothelium. Following, circulating 

ANCA will bind to MPO or PR3 expressed on the surface of primed neutrophils inducing 

excessive neutrophil activation via Fc receptor mediated interactions (28). Neutrophil 

activation leads to the formation of NETs and the release or proteolytic enzymes and 

reactive oxygen species (ROS) in the microenvironment ultimately causing endothelial 

cell damage and perpetuation of the inflammatory response (29-31).
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Treatment of ANCA associated vasculitis and the occurrence of relapses

Before the introduction of immunosuppressive agents, GPA and MPA were fatal diseases 

with only a small percentage of patients surviving the first year after diagnosis. Since 

the introduction of immunosuppressive medication, patient survival has increased 

dramatically. For example, treatment with prednisolone and later cyclophosphamide 

led to a steep increase in survival rates of 75 to 83% at 5 years after diagnosis (32-35). 

However, prolonged treatment with high doses of these immunosuppressive agents to 

induce remission and prevent relapses comes at the cost of, often severe side effects. Of 

these side effects, hypertension, osteoporosis, glucocorticoid induced diabetes mellitus, 

opportunistic infections and cancer are the most prominent. Therefore, the challenge 

for the treating clinician is to find the right balance in immunosuppressive therapy to 

prevent both over and under treatment of patients (10).

In recent years, knowledge pertaining to specific immune mechanisms and immune 

cells involved in autoimmune inflammatory responses has increased considerably and 

has led to the introduction of biologicals that target immune cell populations more 

specifically. For AAV, the introduction of rituximab, an anti-CD20-antibody that depletes 

B-cells, has been shown to be equally effective as cyclophosphamide in inducing and 

maintaining disease remission (36).

Current immunosuppressive therapy for AAV consists out of two phases, induction of 

remission and maintenance treatment. During the induction phase, immunosuppressive 

treatment regimens (most commonly cyclophosphamide or rituximab in combination 

with high dose corticosteroids) are given to induce disease remission. In around 90% of 

patients, remission is established (35, 37). The optimal combination of immunosuppressive 

agents is still under investigation as the PEXIVAS study showed that a 60% reduced 

corticosteroid regimen was as effective as standard glucocorticoid regimens and 

resulted in a reduced risk of infection (38). Moreover, a recent observational study 

suggests that combining low dose intravenous cyclophosphamide with rituximab with a 

short course of glucocorticoids also induces remission effectively (39). After the induction 

of remission, patients are treated to maintain disease remission. Over the last decades 

the effectiveness of azathioprine as an agent for maintenance immunosuppressive 

1
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treatment has been demonstrated in several studies showing azathioprine to be 

superior in reducing relapse rates compared to mofetil mycophenolate as well as being 

associated with a lower risk of side effects compared to methotrexate (40). More recently, 

in a head-to-head comparison, rituximab was found to be superior over azathioprine 

in maintaining remission (41).

Although remission is induced in 90% of patients with AAV, around 50-70% of these 

patients subsequently experience a relapse within the first five to ten years after 

diagnosis (42, 43). Additionally, patients who experienced a previous relapse are at 

increased risk for additional disease relapses. Relapses are associated with an increase 

in morbidity and mortality by accumulation of organ damage as illustrated by the fact 

that recurrent relapses in GPA are strongly associated with end stage renal failure and 

dialysis dependency (44).

Currently, no reliable markers for the induction of remission or prediction of relapse 

have been identified. Although ANCA are an established diagnostic marker for AAV, 

the usefulness of prospectively measuring ANCA titers during follow up as a predictor 

of an upcoming disease relapse is still a matter of debate. Whereas some authors have 

reported a link between rising ANCA titers and renal disease relapse, others were unable 

to detect a correlation between ANCA titer and disease status (45). Therefore, ANCA 

detection is considered useful as a diagnostic tool but measuring ANCA levels during 

disease follow-up is currently not considered a reliable predictor of disease relapse.

Besides ANCA, several other markers have been proposed to act as indicators for 

active disease. For example, markers reflecting immune cell activation, such as T cells 

and macrophages have been identified (46-48). However, none of the currently available 

markers identify disease activity with high sensitivity and specificity, or reliably identify 

patients at risk for disease relapse. Therefore, accurate determination of episodes of 

active disease and prediction of disease relapses remain a challenge in AAV.
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Immune homeostasis in AAV

The immune system is a complex network of cells and factors necessary to eradicate 

microbiological threats and malignant cells while at the same ti me, maintaining 

tolerance. To maintain immune-homeostasis, several effector and regulatory 

mechanisms are in place, which, under physiological circumstances, is ti ghtly balanced. 

However, in autoimmunity, the balance between regulati on and acti vati on is shift ed 

towards an increase in eff ector functi ons and/or a decrease in regulatory functi ons. 

In this thesis, the balance between regulatory and eff ector functi ons within the T cell 

compartment, with an emphasis on regulatory T cells (Tregs), is studied.

Figure 2: Immune homeostasis. 
Under normal, healthy conditi ons, eff ector T cells and regulatory T cell functi ons are balanced. 
Under pathological conditi ons, such as autoimmunity, the balance is shift ed towards eff ector 
functi ons. This shift  might be due to an increase in eff ector functi ons and/or reduced Treg 
functi on. In AAV, both Tregs and eff ector T cells are present in diff erent numbers, have augmented 
functi ons and a changed phenotype then in healthy individuals. All these diff erences result in 
increased eff ector T cell functi ons and lowered Treg functi on, which leads to an imbalanced 
immune system.

1
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Regulatory T cells, key in autoimmunity?

One of the most prominent mechanisms by which the immune system is able to maintain 

immune homeostasis is via the action of immune cells with regulatory capacity. Of these, 

Tregs are considered to be the main regulatory subset in the immune system (49). Tregs 

were discovered decades ago as a population of CD4+T cells displaying high expression 

of the interleukin-2-receptor alpha chain (CD25) and capable of suppressing proliferation 

of effector T cells (50). Interestingly, depletion of CD4+CD25+ T cells in mice induced an 

autoimmune like phenotype with excessive inflammation. Moreover, upon transfer of 

CD4+CD25+ T cells into CD25 depleted mice, the autoimmune reaction was inhibited and 

immune homeostasis was restored (50). Subsequent research identified Forkhead box 

protein-3 (FoxP3) to be the master transcriptional regulator for Treg differentiation and 

function. FoxP3 was first discovered in scurfy mice, an x-linked recessive mouse mutant 

with enhanced proliferation of CD4+T cells, extensive multi-organ inflammation and 

elevation of cytokines. This mouse mutant was shown to have a mutation in the FoxP3 

region, which led to a non-functional FoxP3 lacking its forkhead domain (51). Moreover, 

mutations in the FoxP3 gene are linked to a lymphoproliferative, autoimmune disease 

in humans, named immune-dysregulation, polyendocrinopathy, enteropathy, X-linked 

(IPEX) which has an onset directly after birth (52). For both scurfy mice and IPEX patients, 

the absence of CD4+CD25+ T cells linked FoxP3 expression with Treg differentiation and 

maturation establishing FoxP3 as the signature transcription factor for Tregs (53). To date, 

FoxP3 is extensively studied as not only expression but also the epigenetic modulation 

of the FoxP3 gene is important in the stability and function of Tregs (54). Also, the Treg 

phenotype and function can be modulated by micro-environmental factors inducing a 

shift from a regulatory phenotype towards a more inflammatory function (55, 56).

Besides FoxP3, other markers have been put forward to characterize FoxP3 positive T 

cells. Recently, FoxP3+CD4+T cells have been subdivided into three phenotypically and 

functionally distinct subsets of which two were found to be highly suppressive (57). These 

two suppressive Treg subsets were defined in humans as naïve or thymic derived Tregs 

(NTregs; CD45RA+ Foxp3Low) and memory Tregs (MTregs; CD45RA- FoxP3High) (57). Many 
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studies have since then identified highly suppressive Tregs according to their expression 

of different surface markers (55, 58, 59).

Treg function

Although the exact mechanisms of Treg mediated suppression are not fully understood, 

at least four distinct mechanisms have been proposed to be involved in Treg function 

as will be briefly explained below (49).

First, Tregs can exert their suppressive function via the secretion of suppressive 

cytokines, such as IL-10, TGF-β and IL-35. IL-10 inhibits the production of pro-

inflammatory signals and the co-stimulatory signals needed for effector T cell activation 

such as CD28. TGF-β induces suppression by inhibition of T cell differentiation and 

proliferation. Additionally, TGF-β promotes the differentiation of naïve T cells into Tregs 

and can inhibit macrophage, dendritic cell and NK cell activation (60). IL-35 is a more 

recently discovered cytokine known to possess immunosuppressive activity, although 

its exact mechanism of action still needs to be elucidated.

Second, Tregs are able to induce effector T cell apoptosis via the secretion of granzymes 

and perforin. During interaction with effector cells, Tregs can release their granule 

contents containing granzymes and perforins. Once released, perforin molecules insert 

into the cell membrane of the target cell and form pores through which granzyme B 

enters the cell inducing caspase mediated apoptosis (49, 60).

Third, Tregs can suppress effector cells via metabolic disruption in various ways. Given 

the high expression of CD25, the high-affinity IL-2 receptor, on Tregs, these cells are 

considered to consume the majority of locally produced IL-2. By consuming IL-2, Tregs 

deprive proliferating effector T cells from IL-2 needed for their proliferation and survival 
(61, 62). However, controversy exists on whether Tregs express sufficient quantities of 

CD25 to consume all locally produced IL-2. Another example of metabolic disruption 

involves the enzymatic activity of the ectonucleotidases CD39 and CD73 expressed 

on Tregs which convert damage and inflammation associated extracellular adenosine 

triphosphate (ATP) into adenosine. Extracellular ATP is converted into adenosine 

monophosphate (AMP) by CD39 followed by CD73 mediated dephosphorylation of AMP 

1
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into adenosine. Extracellular adenosine binds to the adenosine A2A receptor on effector 

T cells and induces adenylate cyclase activity. Adenylate cyclases convert intracellular 

ATP into cAMP, which inhibits effector T cell functions. Increased cAMP levels induce 

the expression of ICER, which reduces effector cell functions via inhibition of cytokine 

production, potentially via the reduction of NFAT expression (63).

Besides the production of cAMP via extracellular adenosine generation, Tregs 

themselves also produce cAMP upon stimulation. Recent studies have shown that Tregs 

carry high intracellular cAMP levels, produced by adenylate cyclases (ADCY) such as 

ADCY9. ADCY9 is a membrane bound enzyme, which catalyzes intracellular ATP into 

cAMP. cAMP can be transferred into effector cells via gap junctions. By injection of 

cAMP, effector T cells are inhibited in function, as described above (64-66).

Lastly, Tregs can target dendritic cells (DCs) and modulate their maturation and function 

and, as DCs are required for the activation of T cells, modulate the immune response. 

Modulation of DCs by Tregs is thought to involve the co-stimulatory molecule cytotoxic 

T-lymphocyte antigen 4 (CTLA-4). CTLA-4 is expressed by Tregs which can bind to CD80/

CD86 and induce the production and release of indoleamine 2,3-dioxygenase (IDO), 

which promotes the production of pro-apoptotic metabolites (67). In addition, blockade 

of CTLA-4 with specific antibodies reduces Tregs mediated suppression via DCs of T 

cells, which underscores the importance of this mechanism (67, 68). In summary, Tregs 

can mediate suppression via different mechanisms and by targeting different cell types 

emphasizing the key role of functional Tregs in dampening immune responses and 

preventing autoimmunity.

The role of Tregs in AAV

It has been proposed that in AAV the balance between immune effector responses and 

immune regulation is disturbed leading to persistent immune cell activation. Given 

the crucial role of Tregs in immune regulation, such a misbalance could be due to 

aberrancies in the Treg compartment in these patients, either because Treg numbers are 

diminished or because their function is impaired. To date, most studies agree on the fact 

that Treg mediated suppression is impaired in AAV, but whether this is due to numerical 
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differences, impaired function or a combination of both is still a matter of debate. 

There is a discrepancy between studies that assessed the number of circulating Tregs. 

Several studies, including previous work from our group, have shown that the frequency 

of circulating of Tregs (CD25+FoxP3high) is increased in AAV patients in remission (69-71). 

However, others have reported reduced Treg numbers in AAV patients compared to 

healthy controls (72-75). This discrepancy can, at least partially, be explained by differences 

in the markers used to identify Tregs including expression of CD25, FoxP3 or both.

Nonetheless, almost all studies to date have demonstrated that Treg function is 

diminished in AAV patients (55,69,72,75) as evidenced by a reduced capacity of patients’ 

Tregs to suppress effector T cell proliferation in vitro. The exact mechanisms behind 

their impaired suppressive behavior have however not been fully elucidated but could 

be due to either impaired Treg stability, differential expression of FoxP3 isoforms or 

changes in expression of other markers associated with their function.

First, Tregs have been shown to lose their suppressive capacity and to convert into 

effector T cells depending on the local cytokine environment. For example, Tregs 

present in a pro-inflammatory environment, with high levels of IL-6 and TGF-β, can 

convert into functional T helper 17 (Th17) cells (56). In support of this contention are 

reports that Th17 cell percentages and circulating IL-17 levels are increased in AAV 

patients (72, 76).

Second, Tregs can express different FoxP3 isoforms, of which the Tregs expressing the 

full-length form of FoxP3 are considered to be suppressive. Expression of other FoxP3 

isoforms have been reported in several autoimmune diseases, and increased expression 

of FoxP3 lacking exon 2 (FoxP3d2) has been found in Tregs of AAV patients. Moreover, 

the percentage of FoxP3d2+ Tregs is inversely correlated to Treg function (55). This is most 

likely because the FoxP3d2 isoform is unable to interact with RORyt to inhibit genes 

such as IL-17. The inability to interact and suppress RORyt diminishes the stability of 

Tregs in AAV (72).

Finally, based on the expression of markers other than FoxP3, Tregs from AAV patients 

appear to be phenotypically different from those of healthy individuals. For example, 

1
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expression of the IL-2β receptor (CD122) was found to be significantly decreased on Th 

cells and Tregs of AAV patients compared to healthy controls (76). As discussed above, 

IL-2 is of significant importance in stimulating Tregs to exert their function. Therefore, 

if Tregs are less responsive to IL-2, their ability to exert their suppressive function may 

be impaired (77). However, the exact mechanisms underlying the diminished suppressive 

capacity of Tregs in AAV patients remain to be elucidated.

The role of effector T cells in AAV

Effector T cells are considered to play an important role in the pathogenesis of AAV 

as evidenced by the presence of abundant T cell infiltrates in active GPA lesions (78-

80), persistent T cell activation, imbalances in circulating CD4+T cell subsets (81-83) auto-

antigen specific T cells (83-85), T cell mediated class switch of immunoglobulins (86), 

and the induction of remission upon T cell targeted therapies (87). Moreover, besides 

disturbances in the Treg compartment in AAV patients, differences in effector T cell 

subset distribution, activation and decreased susceptibility to suppressive mechanisms 

have been described as well.

Concerning the distribution of CD4+T cell subsets, our group has previously identified 

an increase in circulating CD4+T effector memory (TEM) (CD4+CD45RA-CCR7-) cells in GPA 

patients during remission (82). Further analysis revealed that frequencies of Th17 TEM 

(TEM17) cells were increased in GPA patients whereas Th1 TEM (TEM1) cells were decreased 
(88). Moreover, in these patients the frequency of TEM17 cells correlated with disease 

severity and their tendency to relapse. In line with these observations, in GPA patients, 

increased levels of serum IL-17 and increased IL-17 production by T cells after stimulation 

in vitro has been reported as well (83). Remarkably, whereas the frequency of TEM cells in 

remission is increased, their frequency is decreased during active disease (82). An increase 

in number of TEM cells was subsequently observed in urine and bronchial alveolar lavage 

of patients with renal or lung involvement respectively suggesting migration to sites of 

active inflammation (89, 90).

Besides changes in TEM numbers, T cell expression of costimulatory markers appears to 

be altered in AAV patients as well with several studies showing reduced proportions of 

136878_Gerjan_Dekkema_BNW-def.indd   22136878_Gerjan_Dekkema_BNW-def.indd   22 26-4-2020   17:31:0226-4-2020   17:31:02



23

Introduction and aim of the thesis

CD28 positive CD4+ and CD8+ T cells. Loss of CD28 is considered a hallmark of terminally 

differentiated T cells. CD28 negative T cells are predominantly of the memory (CD45RA-

CCR7-) phenotype (85, 91). Interestingly, the frequency of circulating CD28-T cells is even 

lower during active disease, whereas in bronchio-alveolar lavage the numbers of CD28-

TEM cells are increased (90). This observation indicates that besides the TEM phenotype, 

the presence of CD28-TEM cells is a hallmark for disease and that these cells are actively 

recruited to the site of inflammation. Although the exact role of these cells is unknown, 

loss of CD28 is associated with ageing as well as cytomegalovirus or Epstein-Barr virus 

infections (91, 92).

In addition, evidence exists that in AAV patients T cells are activated, even during 

disease remission. For example, serum levels of markers such as CD25 (IL-2a receptor) 

and CD30 (Tumor necrosis factor receptor SF8), which are shed from activated T cells, 

have been found to be elevated during active disease and their levels remain high upon 

induction of remission and immunosuppressive treatment (46,47,93,94). Additionally, the 

frequency of activated T cells, which express HLA-DR, was found to be increased in AAV 

patients and correlated with disease severity (71).

Lastly, Free and colleagues showed that CD25dim expressing nonTregs were found to be 

increased in AAV patients compared to healthy controls. After further characterization, 

CD25dim T cells were found to be predominantly of the memory phenotype, which 

is in line with previous findings showing that memory T cells are increased in AAV. 

Interestingly, these CD25dim T cells were resistant to Treg mediated suppression in vitro 
(55).

Collectively, these data on altered effector T cell distribution, persistent T cell activation 

and relative resistance of T cells to suppressive mechanisms in AAV patients strongly 

indicate a prominent role for T cell mediated responses in AAV pathogenesis.

MicroRNAs, regulators of protein synthesis

For normal development, maturation and function, all cells require a complex network 

of transcriptional activity. This is also true for T cell subsets, which have distinct 

1
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gene expression patterns. This process of expression of messenger RNA (mRNA) and 

protein translation is for most proteins regulated by the expression of micro RNAs 

(miRNAs). miRNAs are single stranded, 19 to 22 nucleotide long, non-coding RNA 

molecules that regulate gene expression at a post-transcriptional level. miRNAs can 

bind complementary to the 3’UTR of target mRNA and, based on the complementarity, 

either induce mRNA degradation or translational inhibition of target mRNA (95, 96).

Differential expression of miRNAs has been shown to be associated with autoimmune 

diseases. Moreover, in vitro experiments have shown that overexpression of even 

one miRNA can change T cell function significantly. Recently, studies into several T 

cell mediated autoimmune diseases, including systemic lupus erythematosus (SLE), 

rheumatoid arthritis (RA), psoriasis and ulcerative colitis (97-103) have shown that 

differences in miRNA expression altered T cell function and resulted in aberrant 

and pathological T cell behavior. For example, studies have shown that after in vitro 

activation, miR-146a was less upregulated in T cells, including Tregs, from patients 

with rheumatoid arthritis compared to those from healthy controls. This diminished 

upregulation of miR-146a facilitated a pro-inflammatory phenotype of Tregs via 

increased STAT1 levels, a direct target of miR-146a (100). In addition, in SLE, decreased 

miR-142-3p/5p expression in T cells has been linked to T cell activation, increased 

production of IL-10 and increased expression of CD84 (member of the signaling 

lymphocyte activation molecule (SLAM) family) which acts as an adhesion molecule 

and is needed in receptor mediated signaling. T cell activation, partly via IL-10 and CD84, 

led to B cell hyper stimulation and hyperimmunoglobulinaemia that is a characteristic 

feature of SLE (98). Therefore, slight changes in the transcriptional network of T cells 

might have great consequences for T cell function and the progression of autoimmune 

diseases.

Outline of this thesis

Over the last two decades, our understanding of the pathogenesis of AAV has advanced 

considerably implicating T cells as important cellular players in the induction and 
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perpetuation of the autoimmune response in AAV. The crucial role of T cells in the 

disease pathogenesis is reflected by the persistent state of activation of T cells, their 

aberrant numbers and phenotype, their presence in inflammatory lesions and the 

induction of remission upon T cell targeted treatment. Moreover, in AAV, evidence 

exists that T cell homeostasis is skewed towards a state of increased and persistent 

activation of effector T cells with a concomitant reduced function of Tregs. Although 

both effector T cell and Treg functions seem to be disturbed, the underlying mechanisms 

for these aberrancies are largely unknown. The overall aim of the studies presented in 

this thesis was to unravel the factors and mechanisms involved in the disturbed function 

of Tregs and, to a lesser extent, effector T cells in AAV.

Previous studies have linked differences in miRNA expression to aberrant T cell function 

in autoimmunity. In chapter 2, we hypothesized that differentially expressed miRNAs 

underlie the diminished suppressive function of Tregs in GPA. To this end, miRNA arrays 

were performed on memory (M)Tregs, naïve T cells and effector memory T(EM) cells 

sorted from GPA patients in remission and age and sex matched healthy controls. Upon 

comparison of the miRNA profiles, a selected number of differentially expressed miRNAs 

in MTregs was validated by quantitative PCR and their potential contribution to the 

impaired suppressive function of MTregs in GPA patients was examined by in silico and 

in vitro analyses.

Besides intrinsic differences in expression of miRNAs, numerical or phenotypic 

differences of Tregs may also contribute to a diminished function of Tregs in GPA patients. 

Therefore, in Chapter 3, we assessed circulating Treg numbers and characterized their 

phenotype in a cohort of AAV patients and compared the results to those obtained from 

healthy controls. This unique cohort consisted of patients in remission and at risk of 

relapse, and therefore offered the opportunity to assess Treg numbers and phenotype 

in the context of disease stage.

GPA is predominantly a disease of the elderly with a peak incidence in those aged 65– 

74 years. Lower proportions of naive T cells and higher proportions of memory T cells 

characterize the composition of the T cell compartment of older people. This is also 

true for GPA patients in remission demonstrating reduced frequencies of naïve T cells 

1
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but significantly higher frequencies of circulating TEM cells. T cell aging is characterized 

by various changes in the expression of cell surface proteins of which the loss of the 

co-stimulatory molecule CD28 is most notable. The exact mechanisms involved in the 

aging related decline of CD28 expression are, however, unknown. In chapter 4, we 

studied the involvement of miRNAs in clonal expansion and IL-15-regulated expression 

of CD28 by T cells.

In AAV patients, the assessment of active (renal) disease remains a clinical challenge, 

as currently no reliable biomarkers are available. By early recognition of active 

disease, treatment can be installed promptly, preventing organ damage. Moreover, 

the identification of patients not at risk of disease, or in sustained remission is also 

eminent to prevent overtreatment. In a previous study, urinary soluble (us)CD163 was 

found to identify patients with active renal disease, yet a subset of patients with renal 

active disease still tested negative using usCD163 alone. In chapter 5, we studied if 

sCD25, as a marker associated with T cell activation, in conjunction with sCD163, can 

be used to accurately determine active renal disease in AAV patients. To this end, levels 

of soluble CD25 and soluble CD163 in urine and serum of AAV patients with or without 

active renal disease were measured.

Finally, in chapter 6, the work presented in this thesis is summarized and discussed 

in the context of our current knowledge on AAV pathogenesis and autoimmunity in 

general.
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