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Chapter 6

Summary, discussion and future perspectives

The anti-neutrophil-cytoplasmic autoantibody (ANCA) associated vasculitis (AAV) are 

a heterogeneous group of rare autoimmune diseases characterized by the presence of 

ANCAs and pauci-immune necrotizing vasculitis of the medium to small sized vessels 

throughout the body. Based on clinical symptoms and the presence of ANCAs either 

directed against proteinase 3 (PR3-ANCA) or myeloperoxidase (MPO-ANCA) AAV can 

be divided into three distinct diseases, namely granulomatosis with polyangiitis (GPA), 

microscopic polyangiitis (MPA) and eosinophilic granulomatosis with polyangiitis (EGPA) 
(1,2). In this thesis I primarily focused on GPA and MPA.

Over the last decades, the pathogenesis of AAV has been studied extensively. Although 

the exact pathogenesis remains unclear, it is evident that dysregulation of the immune 

system plays an important role in the induction and enhancement of the specific 

autoimmune responses in AAV (3-5). Under healthy conditions, regulatory and effector 

immune mechanisms are tightly balanced. In AAV, however, regulatory functions are 

reduced whereas effector functions are increased, shifting the balance in favor of an 

activated immune system and loss of immune homeostasis.

In the pathogenesis of AAV, T cells play an important role and can exert both regulatory 

and effector functions. Previously, both reduced regulatory T cell (Treg) function and 

over-activated effector T cells have been demonstrated in AAV patients although the 

exact mechanisms responsible for this failure of immune homeostasis remain unclear 
(6-11).

The main aim of the studies presented in this thesis was to gain more insight into the 

factors and mechanisms involved in the disturbed function of Tregs and, to a lesser 

extent, effector T cells in AAV. To this end, we investigated whether the reduced Treg 

suppressive capacity in AAV was due to numerical, phenotypical or intrinsic functional 

changes or combinations thereof. We furthermore studied if the persistence of effector 

T cell activation and ability to withstand Treg mediated suppression was due to changes 

in post transcriptional regulation.
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Overexpression of miR-142-3p is linked to reduced Treg function in GPA

Tregs are one of the most important regulatory cell types by which the immune system 

regulates and dampens (pathological) immune responses. Under normal conditions, 

Tregs can modulate and inhibit immune effector cell responses by multiple modes 

of suppression (12). Abnormalities in Treg number or function have been implicated in 

several autoimmune diseases including AAV (10, 13-17).

In AAV, there is ample evidence that Treg frequencies and function are altered (8, 10, 

18-21). Although discrepancy exists, most studies to date report increased proportions 

of Tregs in AAV patients yet their suppressive function seems to be impaired (8, 10, 18-21). 

Tregs of AAV patients were unable to inhibit effector T cell proliferation effectively in 

in vitro experiments (8, 10, 18). However, the exact mechanisms underlying the impaired 

suppressive function of Tregs in AAV patients are currently unknown.

For normal T cell and Treg function, a complex network of regulated transcriptional 

activity is required. One of the mechanisms by which protein synthesis is regulated 

is via microRNAs (miRNAs). miRNAs are small, noncoding RNA fragments, which can 

bind, based on complementarity, to messenger (m)RNA. The binding of miRNA to 

mRNA reduces protein synthesis, therefore, miRNAs are considered to act as post 

transcriptional regulators of protein synthesis (22, 23). Recent studies indicated that 

aberrant miRNA expression can alter T cell function and this has been linked to several 

autoimmune diseases including systemic lupus erythematosus (SLE) and Rheumatoid 

arthritis (RA) (24, 25). In chapter 2, we therefore studied miRNA profiles of Tregs in AAV 

to investigate whether reduced Treg function in AAV could be due to differentially 

expressed miRNAs.

The studies described in chapter 2 demonstrated an approximately twofold increase 

of miR-142-3p levels in MTregs of GPA patients in remission that could, at least in part, 

explain their functional impairment. This was evidenced by the observation that 

overexpression of miR-142-3p in sorted Tregs from HCs led to a reduced suppressive 

capacity. Moreover, in these experiments, miR-142-3 levels were inversely correlated 

with the degree of suppression. A recent study identified adenylate cyclase 9 (ADCY9) 

as a target of miR-142-3p and showed that miR-142-3p overexpression in mouse 

6
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Tregs reduced their suppressive activity by reducing ADCY9 levels (26). Under healthy 

conditions, ADCY9 is a critical enzyme in Treg mediated contact dependent suppression. 

Upon activation, ADCY9 converts ATP into cAMP that can be transferred to effector cells 

via gap junctions. The sudden increase in cAMP induces ICER expression in effector cells 
(26-29) which in turn reduces NFAT expression resulting in diminished cytokine production 
(28-30). In line with this, we found that overexpression of miR-142-3p in MTregs indeed 

lowered ADCY9 mRNA and cAMP levels in vitro. In addition, in MTregs of GPA patients 

in remission without treatment, we also found reduced ADCY9 mRNA and cAMP levels 

(Chapter 2). Overexpression of miR-142-3p therefore inhibits the suppressive capacity 

of Tregs, at least partially, via a reduction of ADCY9 mediated cAMP production.

This finding prompted us to study if cAMP elevating agents could restore Treg function in 

miR-142-3p overexpressed and functionally impaired MTregs in vitro. Indeed, treatment 

with Forskolin, a cAMP elevating agent, induced a significant increase in intracellular 

cAMP levels and restored Treg suppressive function (Chapter 2). This finding further 

supports the contention that miR-142-3p reduces Treg function by targeting and 

lowering ADCY9 and its product cAMP.

In addition, miRNAs are formed out of pre-miRNA, a hairpin shaped structure, which is 

cleaved into a sense and an anti-sense strand each with their separate functions. The 

miR-142 pre-miRNA forms an anti-sense strand, miR-142-3p and a sense-strand, miR-142-

5p. A recent study showed that the expression of miR-142-5p is also of key importance 

in the suppressive function of Tregs. miR-142-5p can target phosphodiesterase-3b (PDE-

3b), an enzyme which hydrolyses cAMP. Increased miR-142-5p expression has been 

found essential for Tregs function as miR-142 knockout led to a lethal autoimmune 

phenotype in mice. All in all, these results support a model whereby lowered miR-

142-3p expression (and subsequent increased ADCY9) as well as increased miR-142-5p 

expression (which leads to lowered PDE-3b) represent parallel components of the same 

important mechanism, which strengthen Treg function.
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Besides ADCY9/cAMP mediated suppression, other validated and predicted targets 

of miR-142-3p include proteins involved in various cellular processes important for 

Treg function, such as proliferation, stability and migration. First, proliferation of 

Tregs can be affected upon miR-142-3p overexpression in two ways. Reduced cAMP 

levels, as a result of reduced ADCY9 levels, promote proliferation (31). In addition, miR-

142-3p overexpression also lowered glycoprotein A repetitions predominant (GARP), 

which reduced Treg proliferation significantly (32). Therefore, miR-142-3p has both 

a stimulatory and inhibitory effect on proliferation. The net effect on proliferation 

is however unknown and, in our studies, presented in Chapter 2 we did not detect 

any differences in Treg proliferation. Second, the migratory capacity of Tregs can be 

affected by changes in miR-142-3p expression as miR-142-3p can target several proteins 

important for migration including Rac Family Small GTPase 1 (RAC1) and Rho Associated 

Coiled-Coil Containing Protein Kinase 2 (ROCK2). RAC1 and ROCK2 are important 

proteins in the rearrangement of the cytoskeleton of T cells in order to migrate. In 

patients with atherosclerosis, miR-142-3p was shown to be downregulated which 

promoted the migration of T cells towards the atherosclerotic lesions (33). It could be 

hypothesized that upregulation of miR-142-3p, as seen in MTregs of GPA patients, could 

inhibit RAC1/ROCK2 expression and therewith inhibit Treg migration. This contention 

is supported by observations in tumor cells, which show reduced invasiveness upon 

overexpression of miR-142-3p (34). Collectively, these data suggest that the increase in 

miR-142-3p expression in Tregs of GPA patients may also impair their migratory capacity, 

which warrants further investigation.

In line with these results, other predicted targets of miR-142-3p are also important for 

cell migration. One of these predicted targets is Ras-related protein 2 (RAB2), a small 

GTPase that controls anterograde and retrograde trafficking between the endoplasmic 

reticulum and cell membrane (35). Both C-C Motif Chemokine Receptor 5 (CCR5) and 

C-X-C Motif Chemokine Receptor 4 (CXCR4) are among the proteins transported by 

RAB2 35 both of which promote Treg migration towards the site of inflammation (35-37). To 

date, only two small studies have investigated CCR5+Tregs in AAV. In one, enrichment of 

CCR5+Tregs was found in inflamed renal tissue compared to their circulating frequency 

6
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(38) suggesting that migration of CCR5+Tregs towards the site of inflammation is important 

as an attempt to dampen the local inflammatory response. Another small pilot study 

showed that, compared to other inflammatory diseases of the kidney such as acute 

toxic nephritis, affected kidneys of AAV patients contain low Treg numbers (39). These 

relatively low Treg numbers could indicate that Tregs in AAV patients have a reduced 

migratory capacity, which can be potentially linked to aberrant miR-142-3p expression. 

Interestingly, in Chapter 3 we showed that frequencies of CCR5+Tregs were significantly 

lower in patients who experienced a relapse within 1 year after sampling. One could 

speculate that in patients at risk of relapse, miR-142-3p levels are relatively increased 

which, via its effect on RAB2 expression, reduces the number of CCR5+Tregs. However, 

so far, direct evidence linking miR142-3p and CCR5 expression by Tregs in AAV is lacking.

Why is miR-142-3p overexpressed in MTregs of GPA patients?

Although we demonstrated that miR-142-3p is overexpressed in MTregs of GPA patients, 

the underlying mechanisms remain unclear. One potential explanation relates to the 

way in which miR-142-3p expression is regulated and the role of FoxP3 in particular. 

Studies by Huang and colleagues provided evidence for a direct link between FoxP3 

and miR-142-3p levels in vitro by demonstrating that the induction of FoxP3 expression 

in CD4+CD25-FoxP3- effector T cells led to significantly decreased miR-142-3p levels (26). 

In line with these results, we found that miR-142-3p levels were low in FoxP3high
MTregs 

compared to those in FoxP3-TEM and FoxP3+
NTregs (Chapter 2) further supporting a direct 

role of FoxP3 in miR-142-3p regulation.

 Besides full length FoxP3, several FoxP3 isoforms have been identified of which FoxP3 

lacking exon 2 (FoxP3dE2) and FoxP3 lacking exon 2 and 7 (FoxP3dE2E7) are the most 

frequent. The expression of FoxP3 isoforms, such as FoxP3dE2 and FoxPdE2E7, affects 

Treg function negatively (10, 14, 40, 41) whereas frequency of FoxP3dE2+Tregs has been found 

to correlate inversely with their suppressive function (10). Interestingly, in our studies 

presented in Chapter 3 we found increased frequencies of FoxP3dE2+Tregs in GPA 

patients confirming previous observations by Free and colleagues (10).

136878_Gerjan_Dekkema_BNW-def.indd   144136878_Gerjan_Dekkema_BNW-def.indd   144 26-4-2020   17:31:1526-4-2020   17:31:15



145

Summary, discussion and future perspecti ves

Given that the proporti on of FoxP3dE2+Tregs negati vely correlates with suppression 

and that miR-142-3p levels are controlled by the expression of full length FoxP3, one 

could hypothesize that FoxP3 isoform expression renders Tregs dysfuncti onal due to 

ineff ecti ve control of miR-142-3p expression. Although this hypothesis clearly requires 

further investi gati on, the apparent link between FoxP3 and miR-142-3p expression is of 

parti cular interest as increased proporti ons of FoxP3dE2+Tregs have been reported in 

several autoimmune diseases including rheumatoid arthriti s (RA) and giant cell arteriti s 

(GCA) (14,41) suggesti ng that miR-142-3p expression could also play a role in Treg functi on 

in these diseases. The potenti al eff ects of miR-142-3p expression on Treg functi on in 

AAV, summarized in fi gure 1. 

Figure 1: Proposed mechanism of inhibiti on of Treg functi on by miR-142-3p. 
miR-142-3p expression is increased in Tregs of GPA pati ents. miR-142-3p expression is, at 
least parti ally, under infl uence of FoxP3. FoxP3 expression reduces miR-142-3p levels. In GPA, 
increased expression of FoxP3 isoforms were found which might not fully decrease miR-142-3p 
compared to FoxP3 full length and may therefore underlie the increase in miR-142-3p expression. 
Increased miR-142-3p expression alters Treg functi on via the inhibiti on of suppressive functi on, 
migrati on and proliferati on. Treg suppression is targeted via the inhibiti on of adenylate cyclase 

6
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9 (ADCY9). ADCY9 is essential in the conversion of ATP into cAMP. Under normal conditions, high 
levels of cAMP can be transferred into effector T cells via Gap Junctions (GJ) and induce metabolic 
disruption and therewith suppression. Increased miR-142-3p expression lowers ADCY9 mRNA 
and cAMP levels and reduces Treg function. Moreover, increased cAMP levels also induce CTLA-4 
expression and further enhance contact mediated suppression. Besides suppression, miR-142-
3p also targets Treg proliferation. Lower cAMP levels enhance Treg proliferation whereas miR-
142-3p lowers glycoprotein A repetitions predominant (GARP) which reduce Treg proliferation. 
The net effect on proliferation of miR-142-3p overexpression is unknown. Lastly, miR-142-3p 
overexpression also targets Treg migration. miR-142-3p targets Ras-related C3 botulinum toxin 
substrate 1 (RAC1) and Rho associated coiled-coil containing protein kinase 2 (ROCK2). miR-
142-3p overexpression lowers RAC1/ROCK2 mediated rearrangement of the actin cytoskeleton 
and reduces Treg migration. Moreover, Ras-related protein-2 (RAB2) is a predicted target of 
miR-142-3p. RAB2 is known to control anterograde and retrograde traffic of CCR5 and CXCR4, 
both important in the migration towards inflammatory lesions. We found reduced CCR5+Tregs 
in GPA patients at risk of relapse, this might also be an effect of miR-142-3p overexpression. 
In conclusion, miR-142-3p overexpression can target several cellular processes within Tregs of 
which the suppression, proliferation and migration are the most important.

Treg numbers and phenotype in AAV

Besides overexpression of miR-142-3p in MTregs of GPA patients, differences in Treg 

number and phenotype have been reported as well. With regard to circulating Treg 

numbers, discrepancies exist between studies. Our group and others previously reported 

an increase in Treg numbers (8, 10, 19), whereas others found reduced Treg numbers in GPA 

patients (18, 20, 21, 42). The difference between Treg numbers in these studies can, at least 

partially, be explained by differences in markers used to identify Tregs. Currently, two 

markers are generally used to identify Tregs, namely CD25 and FoxP3. In Chapter 2, we 

found that, based on CD25 expression, the number of MTregs was increased, whereas 

when MTregs were identified based on FoxP3 expression no differences were observed 

(Chapter 3). In this thesis, different methods of Treg characterization were used as in 

Chapter 2 we sorted cells which is technically only possible with extracellular markers 

such as CD25. In Chapter 3 we analyzed Tregs frequency and phenotype according to the 

classification of Miyara (see below), which is based on intracellular FoxP3 expression. 

Moreover, disease status (i.e. active or quiescent disease) as well as immunosuppressive 

treatment at time of sampling influences Treg numbers (21). Therefore, the method of 

Treg characterization and time of sampling may explain differences in Treg number 

described in literature.
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Recently, Miyara and colleagues proposed that within the CD4+ T cell compartment, three 

subsets can be distinguished based on CD45RA, FoxP3 or CD25 expression, suppressive 

function and cytokine production (43). Based on the expression of CD45RA, a naïve T 

cell marker, these subsets were characterized as naïve (N)Tregs (CD4+CD45RA+FoxP3+ 

or CD4+CD45RA+CD25+CD127-), memory (M)Tregs (CD4+CD45RA-FoxP3high or 

CD4+CD45RA+CD25highCD127-) and FoxP3+ effector T cells (CD4+CD45RA+FoxP3low or 

CD4+CD45RA+CD25lowCD127-). Both NTregs and MTregs were found as truly suppressive 

Tregs, whereas FoxP3+ effector T cells harbor no suppressive capacity (43).

Based on this functional classification, we studied Treg frequencies in GPA. We found 

that total FoxP3+ T cells were increased in GPA patients in remission, regardless of 

immunosuppressive treatment. However, both NTreg and MTreg frequencies within 

the CD4+T cell compartment were not affected (Chapter 3). Moreover, we did find 

decreased CD4+T cells compared to the total lymphocyte number. Therefore, given the 

reduced number of total CD4+ T cells, the absolute numbers of NTreg and MTreg might in 

fact be lower in GPA patients when compared to HCs. Although these data do not end 

the controversy concerning the Treg frequency, it suggests that Treg numbers might 

be affected in GPA.

Besides cell numbers, the differential expression of various intracellular and surface 

proteins has been linked to Treg function. Previously, several studies have highlighted 

the importance of the expression of several markers such as FoxP3FL, HLA-DR, CTLA-4, 

CCR5 and Helios for highly functional Tregs (10, 15, 44-48). However, no data concerning the 

expression of these markers in GPA is currently available. In chapter 3, we therefore 

studied the expression of these markers on Tregs from GPA patients in remission in 

comparison to age and sex matched healthy controls.

As mentioned above, we found increased proportions of FoxP3dE2+Tregs in GPA 

patients, irrespective of treatment and in both the MTreg and NTreg subsets. Besides 

the possible link with miR-142-3p expression, Tregs that express FoxP3 isoforms are 

considered less stable and have been found to exhibit the ability to convert more easily 

into pro-inflammatory effector T cells. As Tregs are not terminally differentiated, they 

can, under the right inflammatory circumstances, become pro-inflammatory T cells 

6
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(49). The expression of FoxP3 isoforms or reduced expression of stability markers such 

as Helios, facilitate the conversion of Tregs. Under normal conditions, FoxP3 interacts 

with the transcription factor RORyt and inhibits the transcription of cytokines such as 

IL-17. FoxP3dE2 is however unable to interact with RORyt, and upon stimulation with 

pro-inflammatory signals such as IL-6, RORyt expression is increased and stimulates IL-17 

production (10, 18). IL -17 producing Th17 cells are important in the protection against 

microbes, but excessive numbers of Th17 cells is also a hallmark of several autoimmune 

diseases (50). In AAV, an increase in Th17 cells and serum IL-17A has been reported (7, 

10, 51). Therefore, the increased proportion of FoxP3dE2+Tregs in AAV not only affects 

the suppressive function of these cells but may also promote skewing towards a pro-

inflammatory profile.

Effector T cells in GPA: less naïve, more memory

Besides Tregs, differences in the effector T cell compartment further contribute to the 

pathogenesis of GPA. Various observations provide indirect evidence for a prominent 

role for effector T cell responses in GPA pathogenesis. These include the abundant T 

cell infiltrates in active GPA lesions (52-54), the persistence of activated T cells even in 

patients in remission, imbalances in circulating CD4+T cell subsets (6, 7, 55), the presence 

of auto-antigen specific T cells (56, 57), the presence of class switched ANCA isotypes 

requiring T cell help (58), and the induction of remission upon T cell targeted therapies 
(59). In addition, CD25dim effector T cells in GPA have previously been shown to be less 

susceptible to suppression by Tregs (10) although the exact mechanism by which these 

effector T cells are able to withstand Treg mediated suppression is not known. We 

therefore aimed to study how effector T cells can escape Treg mediated suppression 

in GPA patients.

The miRNA expression profile is not changed in T cell subsets from GPA 
patients in remission

In order to assess whether the increased resistance to suppression and persistent 

activation of effector T cells in GPA was due to differences in miRNA expression, we 
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generated miRNA profiles of naïve T cells (CD4+CD45RO+CD127+) and memory T cells 

(TEM) (CD4+CD45RO+CD127+) of GPA patients in remission and HCs. However, as shown in 

chapter 2, no overt differences in miRNA expression profiles of TNAIVE and TEM cells were 

observed when compared to those form HCs indicating that suppression resistance of 

effector T cells is not due to intrinsic differential miRNA expression. However, these 

findings should be interpreted with caution since we performed the miRNA analysis 

on bulk sorted TNAIVE and TEM subsets. As mentioned before, the suppression resistant T 

cells are phenotypically characterized as CD25dim T cells, a subset known to be present 

in both the naïve and memory T cell compartment (10). Therefore, differences in miRNA 

expression in these particular CD25dim T cells may have been missed. To conclusively 

determine whether differences in miRNA profiles exist, sorting of CD25dim T cells from 

patients and HCs followed by miRNA profiling would be required.

Although no differences were detected in miRNA expression, characterization of the 

circulating CD4+T cell revealed marked differences in frequencies and phenotype of 

these cells. First, CD4+T cell frequencies within the lymphocyte compartment were 

significantly lower in GPA patients compared to healthy controls (Chapter 2 and 

3). Second, and in line with previous data from our group, within the CD4+T cell 

compartment, effector memory T cells (TEM) were significantly increased whereas naïve 

T cells (TNAIVE) were significantly decreased in patients (6). Our group previously showed 

that although circulating TEM cells were decreased during active disease their number 

was concomitantly increased in urine of patients with renal involvement or in bronchial 

alveolar lavage fluid from patients with lung involvement (60, 61).

Others have attempted to further characterize the TEM cells and found that CD28 

expression was dramatically lower on TEM cells in AAV patients (56, 62). CD28 ligation is an 

important co-stimulatory signal needed for T cell activation. However, during chronic 

activation of the immune system e.g. due to persistent viral infections and autoimmunity, 

the expression of CD28 is reduced (63). Furthermore, the lack of CD28 on both CD4+ and 

CD8+T cells is considered a hallmark of terminally differentiated and proliferated T cells 
(64, 65). Interestingly, the frequency of circulating CD28-T cells is reduced during active 

disease, whereas in bronchio-alveolar lavage of patients with active pulmonary disease 

6
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the number of CD28-TEM is increased (61). This finding indicates that CD28-T cells are 

actively recruited to the site of inflammation. Although their exact role remains to be 

elucidated, some claims have been made to their destructive potential. For example, 

CD28-T cells express natural killer (NK)-cell receptors, important in activating their 

cytotoxic potential (63). Moreover, CD28-T cells produce pro-inflammatory cytokines 

such as TNF-α and IFN-ϒ and in synovial fluid of patients with Rheumatoid Arthritis, 

they also produce IL-17 (63).

In Chapter 4, we showed that the loss of CD28 on CD4+ and CD8+T cells is influenced by 

repetitive, clonal expansion and is associated with differential expression of defined 

miRNAs. Upon IL-15 induced proliferation, naïve CD28+T cells showed a gradual loss of 

CD28 expression, while the expression of miR-9-5p and members of the miR-23a~24-2 

cluster increased. Moreover, using luciferase reporter assays, functional binding of 

miR-9-5p and members of the miR-23a~24-2 cluster to the 3’UTR of CD28 could be 

demonstrated. Collectively, these data demonstrate that the gradual loss of CD28 

induced by persistent immune activation and aging, involves defined miRNAs.

T cells as markers of disease activity and prognosis

Biomarkers are invaluable tools in clinical medicine that can support diagnosis, 

response to treatment and prediction of disease flares. In AAV, ANCAs are considered 

pathognomonic for the disease and are widely used as markers for diagnosis. Reliable 

markers for disease activity and the prediction of relapses are however not available. 

Especially for renal involvement in AAV, disease markers are needed as eventually 

70% of all patients with AAV develop renal involvement (66-70). Renal involvement is 

associated with increased morbidity, end stage renal failure and increased mortality 
(69, 70). Therefore, early detection of renal relapses in AAV is important to prevent 

permanent renal dysfunction but so far, biomarkers that accurately reflect renal disease 

activity are lacking. By definition, the diagnosis of AAV includes a positive ANCA test (1). 

The use of prospective ANCA measurements for the prediction of disease relapses is 

however controversial and data are inconclusive. Some authors showed that ANCA titers 

increase upon active disease; in some cases up to a year before clinically active disease 
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(71). Others reported that longitudinal ANCA measurements are only useful for predicting 

relapses in patients with renal involvement, whereas in other studies no correlation 

was found between ANCA titer and future relapse (71). In addition to ANCA, markers, 

which directly reflect renal injury, are used to detect active renal disease including the 

presence of blood (hematuria) and high levels of protein (proteinuria) in the urine and 

elevated levels of serum creatinine. However, the detection of active renal disease at an 

early stage before overt organ damage has occurred remains of key importance in AAV.

Soluble CD25 complements soluble CD163 in the detection of active renal 
disease in GPA patients

Renal inflammation in AAV is characterized by abundant infiltration of macrophages 

and T cells and previous research has demonstrated that both macrophage and T cell 

associated markers can serve as competent markers for the detection of active disease 

in both serum and urine (72-75).

Recently, elevated levels of urine soluble CD163 (usCD163) were found to be a potent 

marker for active renal disease in the setting of a diagnosis of ANCA vasculitis (76). CD163 

is a scavenger receptor for Haemoglobin-haptoglobin and is shed after macrophage 

activation. Increased levels of usCD163 closely reflected active renal vasculitis and 

correlated with the renal infiltration of macrophages (76). However, between 13 to 27 

percent of patients with biopsy confirmed active renal disease tested false-negative 

using usCD163 suggesting that the use of usCD163 alone might be insufficient to detect 

renal active disease in all patients.

Besides macrophages, T cells are an important component of the inflammatory 

infiltrates seen in affected kidneys of AAV patients. As mentioned earlier, our group 

recently showed that CD4+TEM cells could be detected in the urine of patients with active 

renal disease (60). Accordingly, T cell activation markers have been proposed as potential 

indicators for disease activity. One of these, CD25, the T cell IL-2 receptor alpha (sIL-

2Rα), is shed from T cells after activation, and was previously shown to be increased in 

serum of AAV patients with active disease (77-79). In chapter 5, we showed that besides 

serum soluble (ss)CD25 also usCD25 is significantly increased in patients with renal 
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active vasculitis. In addition, usCD25 levels correlated positively with the abundance of 

CD4+T cells and CD4+ TEM cells in the urine. In a head-to-head comparison, the sensitivity 

and specificity of usCD25 and ssCD25 was lower than that of usCD163. However, when 

combined, the sensitivity for detecting renal active disease increased significantly. 

Interestingly, some patients with renal active disease who tested negative for usCD163 

displayed high ssCD25 and usCD25 levels. Of note, patients who tested positive of 

ssCD25 and usCD25 alone had higher C-reactive protein (CRP) levels and lower serum 

creatinine and proteinuria levels compared to the usCD163 positive patients suggesting 

that increased usCD25 and ssCD25 levels reflect an earlier stage of active renal disease 

when renal injury is still limited.

These findings indicate that measuring CD25 in urine and serum complements usCD163 

measurements in the detection of active renal disease in AAV patients. However, 

a limitation of usCD25, ssCD25 and usCD163 is that these markers are not disease 

specific being elevated in other forms of inflammatory renal diseases as well (80, 81). 

Thus, these markers can only be used in the context of an established diagnosis of AAV. 

Moreover, other markers of T cell and macrophage activation have been put forward 

as indicators of (renal) active disease in AAV including CD30 (Tumor necrosis factor 

receptor SF8), calprotectin and monocyte chemotactic protein (MCP)-1 (72, 77). Further 

research is needed to evaluate which marker or combination of markers is most reliable 

in detecting renal active disease. In addition, prospective studies are needed to evaluate 

whether these markers can be used to assess response to therapy and to predict disease 

activity before clinical symptoms and end-organ damage occurs. Therefore, further 

research is needed to firmly establish the clinical usefulness of these markers of active 

vasculitis in the kidney.

CCR5+Tregs as markers of sustained remission?

Although the detection of soluble proteins, such as usCD25, ssCD25 and usCD163 reflect 

active (renal) disease, markers that predict upcoming disease activity are currently 

lacking. Such markers are of great clinical importance since clinicians are currently 
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unable to predict disease relapses resulting in some GPA patients being undertreated 

whereas others receive too much immunosuppression.

In Chapter 3, we studied the Treg phenotype in different stages of the disease and 

found that GPA patients with a relatively low frequency of CCR5+Tregs experienced a 

relapse within 5-12 months after sampling. In contrast, patients with a high frequency 

of CCR5+Tregs were considered to be in sustained remission as these patients displayed 

a low or no ANCA titer, low relapse rates and had a prolonged period of treatment free 

survival.

If patients can indeed be stratified based on their frequency of circulating CCR5+Tregs, 

this could have major implications for their treatment. To date, all patients generally 

receive the same treatment although differences between patients in terms of relapse 

risk exist. However, further research is necessary to confirm the apparent differences 

in circulating CCR5+Treg frequencies between GPA patients at risk of relapse and those 

in sustained remission. Moreover, since our study was cross-sectional in design and no 

patients with active disease were included no firm conclusions can be drawn on the 

stability of CCR5 expression on Tregs. Hence, the usefulness of CCR5+Treg frequencies 

as a predictor of future disease activity in GPA patients remains to be established.

Future perspectives

Treg mediated therapy for AAV?

The research documented in this thesis contributes to our understanding of regulatory 

T cell (dys)function in AAV patients. We have found that overexpression of miR-142-3p 

in Tregs of GPA patients was associated with reduced suppressive function whereas 

increased FoxP3dE2 and CCR5 expression on Tregs of GPA patients associated with an 

increased risk for relapse. Although additional research in independent patient cohorts 

is necessary to validate and substantiate our observations, these findings lend support 

for the concept that therapies aimed to restore or stimulate Treg function could offer a 

new and exciting immunotherapeutic approach for AAV and perhaps other autoimmune 

diseases as well. Interestingly, in recent years, several strategies have been proposed 

6
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to restore Treg function in autoimmune diseases, including the application of cAMP 

elevating agents, low dose IL-2 therapy and chimeric antigen receptor (CAR)-Tregs, some 

of which are currently being actively explored.

In chapter 2, we demonstrated that the reduced suppressive capacity of Tregs in 

GPA was, at least partially, due to a reduction in ADCY9 mediated cAMP production. 

Interestingly, in this study, we were able to restore the suppressive function of miRNA-

142-3p overexpressed MTregs by treatment with the cAMP elevating agent Forskolin. 

In line with our findings, other cAMP elevating agents such as cholera toxin have been 

used previously to boost Treg function (82). Besides the increase in intracellular cAMP 

levels, the expression of cytotoxic T-lymphocyte–associated antigen 4 (CTLA-4) and 

FoxP3 was also significantly increased enhancing Treg function in vitro after treatment 

with forskolin (83). The effect of cAMP elevating agents on other (immune) cells remains 

however unclear. Currently, low dose of 10 mg forskolin is already being used in humans 

as a treatment for obesity as forskolin induces cellular activation and accelerates the 

metabolism. Although conclusive data are lacking that forskolin induces weight loss, 

these studies do indicate that forskolin treatment is safe and no major adverse effects 

have been reported. Interestingly, cAMP based therapies are currently used in the 

treatment of Psoriasis. Apremilast, a phosphodiesterase-4 (PDE-4) blocker, inhibits the 

degradation of cAMP, and results in increased Treg function via the increase in cAMP 

levels (84). Moreover, cAMP levels are also increased in effector cells and innate immune 

cells, which inhibits their function. In clinical studies, apremilast has been found to 

inhibit psoriatic arthritis and was found to be safe for use in patients with chronic 

infections (85-88). Moreover, in mice, treatment with apremilast ameliorates the induction 

of arthritis, which was associated with an increase in Treg function, and inhibition of 

Th17 and Th1 cells (89).

Overall, strategies that increase cAMP levels in Tregs, either by promoting cAMP 

production or by preventing its degradation, might offer a novel, easy and safe 

therapeutic approach for AAV patients. However, more research is needed to establish 

whether such treatments indeed promote the suppressive function of Tregs before 

these can be applied to patients suffering from autoimmune diseases.
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Another interesting option to promote functional Tregs is treatment with low dose 

IL-2 since this cytokine is essential for the differentiation, proliferation and function of 

Tregs. The rationale for this approach initially came from observations in SLE patients 

and lupus-prone mice showing reduced IL-2 production by T cells (90). Besides pro-

inflammatory effects of high dose IL-2 on effector T cells, low dose IL-2 preferentially 

affects Tregs stimulating their expansion and suppressive function as these cells highly 

express the IL-2 receptor (CD25) when compared to effector T cells (43). Indeed, in the 

first small, proof of concept clinical studies, it was shown that low dose treatment with 

aldesleukin, a recombinant form of IL-2, increased the proportion of circulating Tregs to 

up to 40% of total CD4+T cells within 10 days of treatment (91,92) which was associated 

with significant clinical improvement in SLE patients. These results were validated in 

a clinical trial in 38 SLE patients who received low dose IL-2 therapy, which resulted in 

a marked increase in Tregs and a significant reduction of Th17 and T follicular helper 

cells after 12 weeks of treatment (93). In addition, low dose IL-2 treatment significantly 

decreased disease activity scores (SLEDAI) in these patients. More recently, the efficacy 

and safety of low dose IL-2 administration was tested in a phase I-IIa study in 48 patients 

with a wide range of autoimmune diseases, including GPA. In this study, all patients 

showed an increase of circulating Treg numbers without activation of effector T cells 

and no serious side effects were observed. Moreover, no activation of effector T cells 

was detected (94). Although low dose IL-2 therapy offers a promising new therapeutic 

option, further clinical studies are eagerly awaited to establish whether low dose IL-2 

treatment is indeed an effective therapy for autoimmune diseases in general and AAV 

in particular (95).

A different approach to increase the number of functionally competent Tregs comes 

from the oncology field where intriguing new forms of cellular immunotherapy are 

being developed based on genetic engineering of autologous T cells. Chimeric antigen 

receptor (CAR) T cells are T cells genetically modified to express a chimeric receptor 

consisting of an antigen-binding domain coupled to signaling domains of the TCR and 

co-stimulatory molecules. In this way, CAR T cells can bind to specific antigens and 

induce cell activation without the necessity of MHC-mediated antigen presentation 

6
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and co-stimulation by APCs. To date, the most promising results for CAR T cell based 

therapies have been achieved in B cell malignancies such as non-Hodgkin lymphoma, 

employing CD19-targeted CARs (96,97).

The fact that CARs can be designed to recognize virtually any antigen provides 

tremendous opportunities for cellular therapy beyond cancer. Besides effector CAR T 

cells aimed to eliminate malignant cells or autoreactive B cells, the concept of employing 

CAR Tregs for the treatment of autoimmune diseases has also been suggested. CAR 

Tregs can be engineered to recognize auto-antigens on antigen presenting cells (APCs) 

or B cells and induce suppression of both (98). Upon recognition of these autoantigens 

by autoreactive cells activates these Tregs and induces suppression of these cells (98, 99).

In summary, therapeutic strategies aimed to promote functionally competent Tregs 

could be attractive options to restore immune tolerance in autoimmune diseases such 

AAV. The challenge for the future will be to determine the safety and effectiveness of 

such Treg targeted therapies.

How to detect active renal vasculitis?

Active renal disease is associated with decreased renal function, end stage renal 

failure and increased mortality. As duration of active disease negatively influences 

renal function and mortality, early detection is of key importance to prevent renal 

damage. Currently, renal flares are detected using markers, which reflect renal damage, 

such as reduced renal function (i.e. increase in serum creatinine or increase in blood 

pressure), hematuria or proteinuria. The current markers detect renal damage more 

than renal involvement. Proteinuria and hematuria can remain elevated even after the 

induction of remission, which lowers their usefulness in the detection of a new renal 

flare. However, other options have been put forward as methods to detect active renal 

flares accurately. Of which the measurement of markers associated with inflammation 

are the most promising.

The detection of markers of active inflammation has a strong biological rationale, as 

the inflammatory process seen in AAV is responsible for the end organ damage. Over 
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the last years several of these markers have been put forward, such as T cell associated 

markers CD25 (or IL2αR), CD30, B cell activator of the tumor necrosis factor family 

(BAFF), IL-17, and IL-18 (72,77,100,101). Moreover, also macrophage activation markers have 

been studied such as monocyte chemotactic protein 1 (MCP-1), CD163, calprotectin and 

macrophage colony stimulating factor (M-CSF) (72, 76,102, 77,100). Lastly, also complement 

components C5a, C3a in plasma and urine have previously been suggested as markers 

for active renal vasculitis (72).

In this thesis, we found that the combined measurement of sCD25 and sCD163 

complements the detection of renal active vasculitis when compared to sCD163 alone. 

The benefit of sCD25 and sCD163 as markers for renal active disease is that their levels 

decrease quickly upon treatment because they are a reflection of ongoing inflammation 

rather than renal injury.

In summary, markers associated with the inflammatory process instead of organ damage 

(i.e. proteinuria, hematuria and increased serum creatinine levels) might offer a novel 

approach to detect active renal vasculitis. Potentially, dipstick tests can be designed 

with a combination of these markers as a simple but effective method to detect renal 

flares early. However, more research is needed to validate these inflammatory factors 

as markers for active renal disease and to establish which combination of markers is 

most optimal in terms of sensitivity and specificity.
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