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1 |  INTRODUCTION

The term ‘vasculitis’ literally means inflammation of blood 
vessels. These diseases can be acute or chronic, and triggers 
include trauma, infection and reactivity against self-com-
ponents. A prominent feature of chronic vasculitis is im-
mune-mediated triggering that causes persistent or recurrent 
inflammation, which often co-occurs with an increase of 
anti-neutrophil cytoplasmic antibodies (ANCA). These fea-
tures identify ANCA-associated vasculitis (AAV), a chronic 
inflammatory rheumatic syndrome affecting small- and me-
dium-sized vessels and which can be subdivided into three 

different subgroups (see Figure  1A). The primary autoan-
tigens identified in AAV are two enzymes normally found 
in neutrophilic granules: proteinase 3 (PR3) and myeloper-
oxidase (MPO), respectively. Autoantibodies to these en-
zymes, PR3- and MPO-ANCA, are hallmarks of AAV, with 
PR3-ANCA being most common in granulomatosis with 
polyangiitis (GPA) while MPO-ANCA is most common 
in microscopic polyangiitis (MPA) and in approximately 
half of patients with eosinophilic GPA (EGPA). However, 
ANCA-negative cases with similar clinical presentation but 
without the presence of PR3 or MPO also occur and are 
today included in the AAV disease groups. Patients with 
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Abstract
ANCA-associated vasculitis (AAV) is a group of chronic inflammatory diseases 
of small- and medium-sized vessels, which are broadly subdivided based on organ 
manifestations and disease-specific autoantibodies. The so called anti-neutrophil 
cytoplasmic antibodies (ANCA) mostly target one of the enzymes, proteinase 3 
(PR3) or myeloperoxidase (MPO). Accumulating genetic data demonstrates that 
these two autoantibodies discriminate two distinct disease entities, more so than 
the clinical subdivision which is mainly criteria-based. Treatment of AAV includes 
heavy immunosuppression and is guided by organs that are involved. Generally, 
patients with PR3-ANCA display higher risk for disease relapse than patients with 
MPO-ANCA. In this review, we will focus on the autoimmune features of PR3+ 
AAV and our current understanding of its triggers and the potential translation into 
clinical practice.
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MPO-ANCA-positive GPA have been shown to have a sig-
nificantly different clinical courses compared to patients with 
PR3-ANCA-positive GPA,1 and how to best subclassify AAV 
patients remains an issue of debate.2 EGPA will not be fur-
ther discussed in this review. Several aspects of the patho-
genesis of AAV have been thoroughly reviewed recently, for 
example MPO-ANCA, the role of neutrophils and NETosis 
and animal models,3-5 but not the role of autoreactive CD4+ 
T cells and autoantibodies in pathogenesis of PR3-AAV.

In this minireview, we will focus on PR3-ANCA and PR3-
AAV in context of pathogenesis and antigen-specific T-cell 
responses. Although the MPA and GPA disease subsets partly 
overlap with regard to organ manifestation, autoantibody 
features and treatment options, it has been unequivocally 
demonstrated that patients with MPO- versus PR3-ANCA 
have distinctly different genetic associations,6 suggesting that 
the underlying autoimmunity in different forms of AAV is 

caused by distinct pathways. Moreover, patients with PR3-
ANCA have a higher risk of disease relapse,7 implicating that 
these patients are more reflective of autoimmune pathology. 
Here, our aim is to summarize the current understanding of 
PR3+ AAV from an autoimmunity perspective and provide 
implications for clinical translational for this disease.

2 |  CLINICAL FEATURES OF 
PR3+ AAV

AAV patients are mainly seen at rheumatology or nephrology 
clinics, depending on where the major disease manifestations 
occur. For the GPA/PR3 group, ear, nose and throat (ENT), 
kidney and lungs are commonly involved, while in the MPA/
MPO group kidney manifestations are more common. At 
time of diagnosis, AAV usually presents as an inflammatory 

F I G U R E  1  AAV disease subsets and immune features: 
(A) Most AAV patients present with one of the ANCA autoantibodies, typically PR3- or MPO-ANCA. These roughly correlate with disease 
subgroup, so that EGPA and MPA patients have MPO-ANCA while GPA patients have PR3-ANCA. This subdivision is, however, not absolute, 
and therefore, PR3+ AAV is a more distinct subgroup than GPA. (B) PR3+ AAV patients may have more or less prominent autoimmunity versus 
general inflammation as schematically illustrated. The genetic risk alleles and autoreactive immune cell responses drive the autoimmune side 
of the spectrum whereas the inflammatory side is more related to innate immune triggers (eg infections). Patients with prominent autoimmunity 
may hence have better long-term outcome from therapies targeting T and/or B cells, while general immunosuppression may be more beneficial in 
patients having the inflammatory phenotype
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disease and is treated with high dose of glucocorticoids and 
immunosuppressants including biological treatment with 
rituximab, a B-cell–depleting (BCD) therapy. The goal for 
treatment is remission, or at least minimizing organ damage 
and disease flares and thereby improving quality of life and 
life expectancy. In some cases, AAV presents as a very ag-
gressive disease requiring dramatic intervention, for example 
plasmapheresis, which will clear the circulation from anti-
bodies and inflammatory mediators. Despite treatment, the 
risk of relapse is relatively high, and currently, there are no 
good prediction tools for future disease recurrence.

Granuloma formation has historically been associ-
ated with disease phenotype in AAV.8 Granuloma is better 
known and characterized as a containment response from 
invading pathogens, particularly intracellular microbes such 
as Mycobacterium tuberculosis. It is an organized structure 
formed by entrapment of pathogen by epithelial and phago-
cytic cells, primarily macrophages, which are surrounded 
by T cells and B cells. Indeed, macrophages and giant cells 
along with phagocytosed apoptotic bodies and apoptotic 
neutrophils have been shown in granulomatous regions in 
PR3+ AAV 9 implicating that all the components of an au-
toimmune response are present locally in the tissue. Today 
however, granulomas are rarely seen in affected ENT or kid-
ney tissues in PR3+ AAV, but sometimes in affected lung.

3 |  PREDISPOSING FACTORS

3.1 | Genetic factors contributing to PR3+ 
AAV

Ethnicity has been implicated to contribute as a predispos-
ing factor for AAV,10 where GPA (PR3+ AAV) was less 
commonly observed in patients of non-European origin than 
MPA.10 This has been confirmed in studies across the globe 
(as reviewed in Watts et al).11 Variation in HLA-alleles was 
shown to be responsible for this geographical bias in inci-
dence, and HLA-DPB1*0401 was found to be a risk allele for 
PR3+ AAV.6,12 The HLA-DP family of MHC class II mol-
ecules serve (just as HLA-DR and HLA-DQ) for presentation 
of peptides to CD4+ T cells. This indicates that autoreactive 
immune responses in PR3+ AAV are HLA-DP restricted. In 
addition, genetic association in close vicinity to the PR3 gene 
itself has also been demonstrated in PR3+ GPA, indicating 
altered expression levels or gene regulation.13

Additionally, SNPs in the vicinity of PTPN22, CTLA4 
and SERPINA1 (α-1-antitrypsin gene) have also been shown 
to be risk alleles in PR3+ AAV.6,12,14,15 Collectively, these 
genome-wide association studies (GWAS) and small cohort 
studies all point towards an autoimmune nature of the disease, 
a genetic predisposition to anti-PR3 response (ie ANCA) and 
a significant association of HLA-DP (Figure 2).

3.2 | Environmental factors contributing to 
PR3+ AAV

In addition to genetic predisposition, environmental factors 
might also contribute to disease pathogenesis (Figure 2). A 
relatively high prevalence of disease in middle-aged and el-
derly individuals along with similar prevalence in both gen-
ders suggests a role for environmental triggers, which would 
supplement the genetic risk factors.11 The effect of environ-
ment is further strengthened by seasonal variations in inci-
dence of disease, which might be contributed by infectious 
triggers or UV radiation due to latitude differences.11 Such 
an infection theory is also strengthened by the observations 
in a recent study showing cyclic occurrence of PR3+ AAV.16

Various bacterial infections have been shown to precede 
disease onset and also recurrence, indicating a role of infec-
tions in the pathogenesis of AAV. The association with disease 
onset implicates that infections could be a trigger (cause) of 
disease events, while the association with disease recurrence 
could implicate the same or be a side effect of the immu-
nosuppressive therapies (consequence). As seen in Figure 2, 
both bacterial and viral infections have been implicated in 
AAV. Presence of Staphylococcus aureus in nasal carriage 
has been shown to be correlated with relapse in PR3+ AAV,17 
but there are contradictory studies as well. This heterogeneity 
in association between presence of bacterium and disease de-
velopment can be partly explained by genetic differences in 
the isolates of S. aureus in different groups of patients. This 
theory is partly supported by a recent study showing differ-
ences in isolates from PR3+ AAV patients and MPO+ AAV 
as compared to controls, indicating a possible role for pore 
forming leucocidins in PR3+ AAV.18 Additionally, S. au-
reus is known for expressing several so called superantigens, 
which are capable of activating T cells in a HLA-independent 
fashion by interacting directly with the T-cell receptor and 
which has been suggested to at least partly explain the associ-
ation with relapse.17 Still, this feature does not explain the as-
sociation with HLA-DP. An alternative scenario could be the 
phenomenon of molecular mimicry as complementary PR3 
identified as autoantigen (see further below in the autoreac-
tivity paragraph) has been shown to be similar to translatable 
peptides from Ross river virus,19 S. aureus 20 and Entamoeba 
histolytica.21 Two recent studies showed a lower microbiome 
diversity in upper respiratory tract of GPA patients,22,23 but 
differences in presence of S. aureus were only observed in the 
European study 22 and not in the US study.23

Another viral infectious entity often discussed in conjunc-
tion with AAV is human cytomegalovirus (HCMV). A recent 
study showed that HCMV exposure results in generation of 
virus-specific CD4+ CD28 null T cells, which exhibit Th1 
phenotype and express endothelium homing markers. This 
was also independently associated with increased arterial 
stiffness.24 A clinical trial to test outcome of the anti-viral 
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drug valaciclovir to prevent CMV-mediated adverse immune 
responses is ongoing,25 and data are awaited.

4 |  AUTOREACTIVITY TO 
PROTEINASE 3 (PR3)

Proteinase 3 (PR3) is the PRTN3 gene encoded elastase-re-
lated serine protease present in neutrophil granules and on 

neutrophil cell membrane. Other enzymes in this subfamily 
include cathepsin G, N-elastase and neutrophil serine pro-
tease. PR3 is the most abundant protease in this family and 
is contained in azurophilic granules within neutrophils and 
monocytes. The other ANCA target MPO, despite also being 
present in the same granules, is not a member of this protease 
family. An immunological difference between PR3- and 
MPO-positive diseases also becomes evident from the dem-
onstration that MPO-ANCA injection resulted in induction 

F I G U R E  2  Pathogenesis of PR3+ AAV—plausible mechanisms: 
Predisposition is likely a multifactorial process, influenced by (A) environmental factors, for example exposure to smoke, dust and radiations 
and/or (B) molecular mimicry due to exposure of antigens from bacteria, for example S. aureus derived cPR3 peptides and/or (C) genetic factors 
including HLA-DPB1*04:01 and endogenous exposure of autoantigens by increased NETosis and defects in clearance of apoptotic bodies and/or 
(D) other infections due to known/unknown agents. Immune triggering includes activation of CD4+ T cells following recognition of cPR3/PR3/
other antigens presented on APCs complexed with HLA-DP. Such T cells can differentiate into either tissue-resident memory cells or effector 
cells (Th1, Th17, TFH) and perform various effector functions, including helping B cells in generating cPR3/PR3-specific antibodies. Disease 
development: Neutrophils can be activated and release endogenous PR3 (stored in azurophilic granules) to their membrane or by generating net-like 
structures to engage the neighbouring endothelial cells. This membrane form of PR3 has been proposed to be a major antigenic target in the disease. 
Dying cells can trigger different levels of disease manifestations ranging from tissue damage to inflammation and granuloma formation. Organ 
manifestations include ear, nose, throat, upper respiratory tract, lungs, cardiovascular system or kidneys, and affected sites can have cell infiltrates 
containing pathogenic T and B cells as well as innate immune cells secreting pro-inflammatory cytokines. Treatment strategies: The clinical goal 
is drug-free remission. Higher relapse rates associate with specific organ manifestations and PR3-ANCA titres. DMARDs or cyclophosphamide 
can potently reduce inflammation, and complement system component C5a blocking is a new pathway under investigation. To completely avoid 
relapse, a strategy to eradicate the disease-specific immune memory would be warranted, for example by targeting the autoreactive cells. However, 
these cells are still incompletely explored
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of glomerulonephritis and vasculitis in mice,26 whereas in-
jection of PR3-ANCA did not.27 There are however differ-
ences between human and mouse PR3 in terms of substrate 
specificity, enzyme kinetics, expression profile and charge 
distribution, which likely has hampered the development of 
an animal model of PR3+ AAV.28 In context of PR3+ AAV, 
the membrane form (mPR3) is believed to be a major an-
tigenic target in.29 The activity of PR3 is regulated by α-1-
antitrypsin, which also has been shown to be a genetic risk 
factor in GWAS studies, altogether strongly putting the PR3-
α-1-antitrypsin axis in the centre of autoimmunity in PR3+ 
AAV disease pathogenesis.

In context of autoimmunity, both neutrophils and mono-
cytes expressing PR3 have been shown to be clustering with 
T,30 B and plasma cells 31 in the local inflammatory infil-
trates 32 in PR3+ AAV. These infiltrates can act as local fol-
licles of lymphocytes, so called ectopic lymphoid-like tissues 
(ELT),32 and have also been shown to be a source of PR3+ 
B cells 33 implicating an active role of these structures in 
perpetuating autoimmunity. In addition to PR3, a comple-
mentary peptide (cPR3, 105-201) (anti-sense coding peptide 
from fragmented PRTN3 gene) has also been shown to react 
with PR3-ANCA in a mouse model.34 Further, PR3-cPR3 
antibodies form an idiotypic pair, meaning that antigen-bind-
ing region of anti-cPR3 antibody can be recognized as an-
tigen by PR3-ANCA.34 This has led to the hypothesis that 
PR3-ANCA can originate from an immune response to cPR3 
antibodies. Interestingly, as previously mentioned various 
microbes have proteins similar to cPR3, thereby suggesting 
molecular mimicry as a potential mechanism in induction 
of disease (Figure  2). Different types of triggers including 
such antibodies, bacterial or fungal infections leading to cy-
tokine release may further activate and/or prime neutrophils. 
NETosis, the process of DNA expulsion, will lead to more 
bioavailability of autoantigen (PR3) and more autoimmune 
responses, manifesting as inflammatory activity in different 
organs including ENT, lungs, kidney or cardiovascular sys-
tem (Figure 2). In a clinical context, PR3-ANCA alone or in 
combination with other factors has been strongly associated 
with relapse in PR3-AAV.35-38 Recently, alterations in levels 
of several PR3-binding apoptosis-related proteins including 
calreticulin and annexin-A1 were demonstrated in AAV pa-
tients.39 This implicates that defective immune clearance of 
PR3 can also contribute to maintaining, or re-instating auto-
immune reactions (Figure 2C).

5 |  T-CELL SUBSETS AND THEIR 
EFFECTOR FUNCTION IN DISEASE 
PATHOGENESIS

As already mentioned, the HLA-DP association implicates 
CD4+ T cells in PR3+ AAV. Indeed, T cells have been 

identified since long in granulomatous lesions, vasculitic re-
gions and in glomerulonephritis.40 Consequently, there have 
been several studies exploring the phenotype and proportion 
of different CD4 T-cell subsets in AAV. Pro-inflammatory 
Th1 cells have been identified in nasal mucosal tissues, bron-
choalveolar lavage and peripheral blood in AAV.41,42 Both 
PR3- and MPO-specific Th17 responses were recently dem-
onstrated in AAV patients using ELIspot assay,43 which is 
interesting in the context of S. aureus exposure as the bac-
terium is a classical Th17 inducer. A skewed PR3-specific 
Th17 response was also demonstrated in AAV patients in 
remission.44 Altogether, these studies indicate that an in-
flammatory milieu may override immune regulation. Indeed, 
CD4+ CD25hi regulatory T cells were not able to suppress 
proliferation of responder T cells in GPA patients.45 This was 
subsequently demonstrated to be due to an increase in CD4+ 
FoxP3low non-Treg cells, which secrete pro-inflammatory 
cytokines.46 Another study demonstrated a skewing from a 
more inflammatory response (Th17) in the active phase of 
GPA towards Treg and Th2 responses in remission.47 So 
far, antigen-specific Tregs have not been studied in AAV, 
but Tregs are known to also function in a bystander fashion. 
Importantly, immune homeostasis is a multifactorial and co-
ordinated process and the transition towards an anti-inflam-
matory response is likely to involve both adaptive and innate 
immune processes. Nonetheless, identification of tolerogenic 
antigen-specific T cells can be a way forward for immuno-
logical homeostasis induction strategies.

Another set of T cells extensively studied in AAV in both 
peripheral blood and site of inflammation is the terminally 
differentiated so called CD4+ CD28null T cells (as reviewed 
in Martinez et al 48). These cells have been shown to have 
Th1 profile with higher levels of CCR5 in cells found in gran-
ulomatous lesions 49 and have been associated with CMV 
infection and increased risk of infection and mortality.50,51 
Recently, expansion of these cells was shown to correlate 
with concomitant CMV and Epstein-Barr virus positivity.52 
Importantly, such CD28-negative T cells have been demon-
strated to display cytotoxic effector functions in other disease 
settings and may also in the context of AAV promote local 
tissue destruction and inflammation. So far, these cells have 
not been linked to autoreactivity though.

Given the central position of the ANCA autoantibodies, 
T-follicular helper cells (TFH), the specialized CD4+ T cells 
that provide help to B cells in germinal centres have gained a 
lot of interest and have been shown to be reduced in patients 
on BCD therapy.53 Another outcome from BCD would be a 
lessened antigen presentation by autoreactive B cells. Today, 
these two scenarios (the relative importance of autoreactive 
TFH versus autoreactive B cells as APC) have not been fully 
addressed. A recent study has attempted to re-classify AAV on 
the basis of differential immune phenotypes and showed as-
sociation of phenotype with differential organ involvement.54 
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Three distinct immune signatures were proposed based on i) 
antibody production, ii) cytotoxicity and iii) neutrocytosis/
lymphocytopenia. This indicates that these processes can 
serve as distinguishers from pathogenesis point of view. For 
instance, patients with more autoantibody features may be 
more prone to relapse. This study however reported similar 
signatures for PR3+ and MPO+ patients, perhaps due to their 
relatively small sample size. Nonetheless, it will be interest-
ing to validate these clinical phenotypes and immune signa-
tures in larger and well-characterized groups of patients.

6 |  AUTOIMMUNITY AND 
RELAPSE

A significant clinical challenge in PR3+ AAV is disease re-
lapse and relatively poor understanding of relapse predictors. 
There has been evaluation of various clinical parameters as 
predictors of relapse including a combined increase in anti-
PR3 antibodies, CRP titres and number of neutrophils in a 
6-month period,55 anti-PR3 antibodies alone,35,37 cardiovas-
cular involvement,7 lung and upper respiratory involvement 
56 and presence of HLA-DPB1*04:01 genotype.57 Further, 
positive titres of PR3-ANCAs at the time of switching from 
induction therapy (cyclophosphamide) to maintenance ther-
apy (azathioprine) were associated with relapse,38 whereas 
negative ANCA levels were correlated with a reduced risk of 
relapse.36 All these studies bring the presence of PR3-ANCA 
into a central position, and at the same time maintain that like 
other autoimmune diseases, PR3+ AAV is also a multifacto-
rial disease. The presence of autoantibodies depends either on 
persistence of autoreactive plasma cells or continuous activa-
tion of short-lived plasma blasts. Here, the latter is the most 
likely explanation given the transient nature of PR3 autoan-
tibodies and their resolution following BCD. It also points 
towards an active role for B-cell helpers, that is TFH subpop-
ulation in the relapse, but this remains to be studied in detail.

Also, both the disease itself and the immunosuppressive 
therapies given to severe AAV patients may infer sensitivity 
to infections and possible triggering of a relapse. This means, 
for example, that PR3+ AAV patients with lung involvement 
may be more susceptible to develop a severe COVID-19 dis-
ease after SARS-CoV-2 infection as complement activation 
and pseudovasculitis have been reported in severe cases.58,59 
Today, data on COVID-19 in AAV are however lacking.

7 |  THERAPIES AND 
CONCLUDING REMARKS

As stated before, present-day therapy for PR3+ AAV relies 
on generalized immunosuppression using high dose of ster-
oids, or disease-modifying anti-rheumatic drugs (DMARDs), 

cytotoxic drugs such as cyclophosphamide or BCD therapy. 
There is a plethora of biological therapies and clinical trials 
going on. Several second-generation anti-CD20 drugs with 
improved functions including different epitope specificity, 
induction of apoptosis and cytotoxicity are in development 
phase across the globe. A promising candidate that needs 
mention here is a fully humanized anti-CD20 mAb (obinutu-
zumab), which exerts more antibody-dependent cytotoxicity 
and direct B-cell killing as compared to its predecessors and 
which is in a clinical trial in lupus nephritis.60 On T-cell side, 
use of abatacept (binding CD80/CD86) is rare. Chimeric an-
tigen receptor T cells (CAR-T cells), that is cytotoxic cells 
finding their target by expressing an antibody construct on 
their surface, are in use for tumour settings. A newer gen-
eration of ‘killer cells’ is chimeric autoantibody receptor T 
cell (CAAR-T), which instead have autoantigen (epitope) on 
their surface in order to interact with, and kill, autoreactive B 
cells reacting to the same antigen. So far, their use has been 
demonstrated in mice.61

On innate immune system side, complement component 
C5a has been thought to be a promising target for controlling 
inflammation and the outcomes of clinical trial targeting 
C5a in AAV patients are currently awaited.62 Collectively, 
ongoing clinical trials and translational studies are trying 
different ways of modulation of innate and adaptive immune 
responses. Antigen-specific therapies in this context both 
by targeting autoreactive T and B cells and by inducing an-
tigen-induced tolerizing therapies can be the way ahead for 
a sustained drug-free remission. A better understanding of 
the relative contribution of autoimmune versus inflammatory 
immune responses in disease triggering versus relapse and 
at different sites of inflammation will help pave the way for 
these specific interventions.

Drug-free remission is the aspiration in PR3+ AAV just 
as it is in many different chronic inflammatory and/or auto-
immune diseases. The relative success of rituximab greatly 
favours further hunt for more specific therapeutic alterna-
tives, including possibly antigen-specific intervention. This 
would implicate the possibility of finding and eliminating the 
underlying autoimmune components, for example the anti-
gen-specific CD4+ T cells. So far, T-cell epitopes on PR3 
have not been identified, perhaps due to T-cell expansions 
in AAV primarily being assigned to superantigen responses. 
Therefore, it still needs to be established whether there are 
autoreactive T-cell expansions in this disease and whether 
such memory cells increase the risk for relapse. With new 
technology, cells can today be precisely interrogated also in 
biopsy material, and PR3+ AAV represents a disease entity 
that has the potential to greatly benefit from such endeavours.
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