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A B S T R A C T   

Anti-neutrophil cytoplasmic antibodies (ANCA) are a group of autoantibodies, predominantly IgG, involved in 
the pathogenesis of several autoimmune disorders, detected either through indirect immunofluorescence or 
enzyme-linked immunosorbent assay. By means of indirect immunofluorescence, the main patterns are C-ANCA 
(cytoplasmic) and P-ANCA (perinuclear), while proteinase 3 (PR3) and myeloperoxidase (MPO) represent the 
main autoantigens in granulomatosis with polyangiitis and microscopic polyangiitis, both belonging to the 
family of ANCA-associated vasculitis (AAV). While several experiments established the pathogenicity of MPO- 
ANCA, evidence remains elusive for PR3-ANCA and an additional target antigen, i.e. LAMP2, has been postu-
lated with specific clinical relevance. The presence of a subset of AAV without ANCA may be explained by the 
presence of further target antigens or the presence of molecules in blood which make ANCA undetectable. A rise 
in ANCA titers is not necessarily predictive of a flare of disease in AAV if not accompanied by clinical mani-
festations. ANCA may develop through variable mechanisms, such as autoantigen complementarity, apoptosis 
impairment, neutrophil extracellular traps dysfunction and molecular mimicry. We will provide herein a 
comprehensive review of the available evidence on the biological mechanisms, pathogenetic role, and clinical 
implications of ANCA testing and disease management. Further, we will address the remaining open challenges 
in the field, including the role of ANCA in inflammatory bowel disease and in cocaine-induced vasculitis.   

1. Introduction 

1.1. The past and present of anti-neutrophil cytoplasmic antibodies 

Anti-neutrophil antibodies were initially detected by means of indi-
rect immunofluorescence (IIF) in the late seventies by researchers 
focusing on rheumatoid arthritis (RA) [1]. Researchers were investi-
gating possible culprits of autoimmunity in Felty syndrome, which 
presents with neutropenia and splenomegaly in patients suffering from 
severe RA. Some of these antibodies were bound to the nuclei and per-
inuclear regions of granulocytes and were therefore termed granulocyte 
specific antinuclear-autoantibodies (GS-ANA) [1,2]. In 1982, a patient 
with crescentic glomerulonephritis was incidentally found to be positive 
for GS-ANA, a finding originally believed to be due to a viral infection 
[3]. However, a different hypothesis gained recognition three years 

later, when a seminal paper linked anti-neutrophil cytoplasmic anti-
bodies (ANCA) to Wegener granulomatosis [4] (the eponym was 
recently abandoned in favor of granulomatosis with polyangiitis, GPA 
[5,6]). 

After a few years, target antigens were detected as proteinase 3 (PR3) 
in cytoplasmic ANCA (C-ANCA) and myeloperoxidase (MPO) in peri-
nuclear ANCA (P-ANCA) staining patterns at IIF [7,8]. Whilst other 
target antigens were later discovered, it is now established that none of 
these are as strongly associated with ANCA-associated vasculitis (AAV) 
as MPO and PR3 (Fig. 1) [9]. Indeed, MPO- and PR3-specific ANCA were 
found to be strongly associated with microscopic polyangiitis (MPA) and 
GPA, [7,10] and to a lesser extent with eosinophilic granulomatosis with 
polyangiitis (EGPA) patients, formerly referred to as Churg-Strauss 
syndrome. [11] The ANCA-positive subgroup of EGPA patients is at 
highest risk for developing crescentic glomerulonephritis as well as 
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polyneuropathy and tend to have less involvement of the myocardium 
[12,13]. 

Commercial solid phase assays (direct and capture ELISA) were 
developed based upon PR3 and MPO and a multicentre clinical study 
allowed the harmonization of these assays, with a gradual shift towards 
the use of purified antigens [14,15]. In 1999, based upon the efforts in 
harmonization of ANCA testing, a consensus statement was published in 
which a combined strategy of IIF and ELISA testing was suggested. All 
patients should undergo an initial IIF testing. Those who test positive 
should further be screened for the presence of -MPO and PR3-ANCA by 
ELISA. [16] This approach was validated in a metanalysis published two 
years later [17]. 

Although officially recognized as being associated with GPA, MPA 

and EGPA, ANCA were not included in the classification criteria for 
ANCA-associated vasculitides (AAV) proposed by the American College 
of Rheumatology’s (ACR) in 1990 due to the incomplete understanding 
of the significance and interpretation [18,19]. Nevertheless, when the 
nomenclature of vasculitides was updated, with the 1994 Chapel Hill 
Consensus Conference (CHCC), ANCA were given extensive space in the 
description of the AAVs (a term which was coined as a consequence) 
[20] and this approach was confirmed in the following consensus of 
2012 [21]. 

1.2. Mechanisms of ANCA maturation 

ANCA are predominantly observed as IgG autoantibodies [22], 

Fig. 1. Timeline of early events in the history of ANCA  

G. Ramponi et al.                                                                                                                                                                                                                               



Autoimmunity Reviews 20 (2021) 102759

3

despite some conflicting evidence reporting ANCA IgAs in Henoch- 
Schoenlein purpura and other disorders [23,24] and the hypothesis 
that the IgA class may be related to the clinical presentation of GPA [25]. 
Among IgG four subclasses with the ability to neutralize viruses and 
toxins, IgG1 and IgG3 are the ones with the most powerful effector 
mechanisms [26]. Within AAV IgG1, IgG3 and IgG4 ANCA have been 
reported [27,28], but the role of subclasses in the pathogenesis of AAV 
remains elusive [22]. The overlap syndrome between AAV and IgG4- 
related disease (IgG4-RD) was recently described [29,30], but this as-
sociation was not confirmed in a subsequent study with a different 
design [31]. 

Different mechanisms appear to be important in ANCA development. 
First, affinity maturation, due to somatic hypermutation in the variable 
region of Igs, represents a pivotal mechanism by which the immune 
system improves the specificity of adaptive response by progressively 
increasing affinity for antigens [32,33]. This process in autoimmunity 
may backfire augmenting autoantibody production. It has been 
described that anti-MPO antibodies occurring in healthy individuals 
show a significantly lower avidity with respect to those found in patients 
with MPA [34] and this may imply that ANCA undergo more extensive 
maturation in pathological settings and are therefore capable of binding 
their targets with higher affinity [35]. 

Second, “epitope spreading” seems to be crucial to ANCA develop-
ment. Epitope spreading is important in AAV, where the pathogenicity 
of ANCA may depend on the target epitope [36]. During an immune 
response against a target pathogen, antibodies may be produced against 
different epitopes of the same antigen and even against more than one 
antigen [37,38]. Of note, epitope spreading may also underlie the 
frequent association of ANCA with anti-Glomerular Basement Mem-
brane autoantibodies (anti-GBM) [39,40]. Intramolecular (i.e. shift from 
linear to conformational epitopes recognition of the same molecule) and 
intermolecular epitope spreading (i.e. recognition of epitopes on auto-
antigens different from the original one) were hypothesized to allow the 
development of ANCA and anti-GBM from a common unknown origin 
[41]. 

Last, the presence of specific alleles in genes necessary for the for-
mation of MHC-II, the main “platform” for extracellular antigen pre-
sentation to T helper cells, seems to be a necessary condition for either of 
the previously discussed mechanisms. This is supported by genome wide 
association studies (GWAS) in AAV, which showed an extremely strong 
association of AAV with some alleles of HLA-DP, HLA-DQ and HLA-DR, 
all being part of the MHC-II gene complex [42,43]. 

Fig. 2. ANCA patterns. Three main ANCA patterns of 
staining by IIF technique in ethanol fixed neutrophils. 
1) P-ANCA: P-ANCA pattern is characterized by a 
perinuclear staining with or without nuclear 
involvement due to the attraction of the main antigen, 
such as MPO, from cytoplasm towards the nucleus 
during ethanol-fixation. 2) C-ANCA: C-ANCA presents 
a cytoplasmic immunofluorescence due to the gran-
ular staining of neutrophil and monocyte cytoplasm. 
3) A-ANCA: atypical ANCA are defined by several 
patterns which stain in different way both the cyto-
plasm and the perinuclear area.   
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1.3. Laboratory tests 

The principal assays applied in everyday clinical practice to test 
ANCA positivity are IIF and ELISA test. The former represents a tech-
nique which became well known in the early sixties [44] and has since 
then become routinely used for a wide array of studies. Indirect labelling 
methods and fluorophores have also dramatically improved [45]. In 
general terms, test results should be reported semi-quantitatively (with a 
scale of low, medium, high or negative) in order to allow some degree of 
reproducibility [22]. 

1.4. Indirect immunofluorescence (IIF) 

Although IIF is no longer the first-choice screening assays for ANCA 
in AAV, IIF remains important for other ANCA-associated diseases as 
well as for detecting ANCA reacting with specificities beyond MPO and 
PR3 [46]. By means of IIF, two main patterns of staining can be seen 
when ANCA bind to ethanol fixed neutrophils: C-ANCA (cytoplasmic) 
and P-ANCA (perinuclear). In the former case, a diffuse, granular 
staining of neutrophil and monocyte cytoplasm is observed while the P- 
ANCA pattern is characterized by a perinuclear staining with or without 
nuclear involvement [22] (Fig. 2, panel 1 and 2). The P-ANCA pattern is 
the result of an artifact, as the P-ANCA main antigen MPO is located in 
the cytoplasmic granules, but its positive charge attracts it towards the 
nucleus during ethanol-fixation [22]. 

Due to its clinical relevance, it should be observed that P-ANCA 
staining may be due to the presence of high titer antinuclear autoanti-
bodies (ANA) [47]. Besides, both antibodies may be present concur-
rently as ANA are frequently found in the general population and 
therefore confirmation by ELISA is necessary [48,49]. C-ANCA have 
long been known to preferentially target PR3, while P-ANCA are often 
associated with MPO reactivity, especially in vasculitis [7,8,50]. How-
ever, cases of inverse associations have been described [51]. When 
serum ANCA do not fit either of the previously described patterns, for 
instance staining both the cytoplasm and the perinuclear area, they are 
termed A-ANCA (atypical). [16] Several conditions, such as hydralazine 
treatment, propylthiouracil therapy and autoimmune hepatitis, have 
been associated with the development of ANCA. The IIF appearance in 
these cases usually fits the P-ANCA pattern, with recognition of 
numerous target antigens (e.g. neutrophil elastase, lactoferrin), or less 
commonly A-ANCA [52–54] (Fig. 2, panel 3). 

1.5. Other laboratory technologies 

The first consensus statement on ANCA testing, published in 1999, 
assigned to ELISA the role of detecting autoantibodies directed at PR3 
and MPO in IIF positive sera. IIF was recommended as the initial 
screening test due to its higher sensitivity as compared to ELISA [16]. In 
the following years, ELISA evolved from direct to capture ELISA (second 
generation tests) and later to anchor ELISA (third generation tests), with 
increasing sensitivity compared to IIF, as demonstrated by a 2010 large 
comparative study in an academic hospital comparing anchor ELISA for 
the detection of PR3-ANCA to IIF [55] and other subsequent studies 
[56,57]. Because of the growing gap between the recommended 
approach and the available evidence, a new consensus statement on 
ANCA testing was issued in 2017 [46]. 

As expected, the recommended screening approach for AAV changed 
significantly and high-quality immunoassays (eg. anchor ELISA) were 
proposed as the first and only ANCA testing in GPA and MPA [46]. Pa-
tients should be retested (preferentially with another solid-phase assay, 
or with IIF) only in case of an high clinical suspicion or low-positive test 
result. In line with the 1999 edition, clinical indications for ANCA 
testing in the setting of AAV were clearly stated (Table 1). The strategy 
of avoiding IIF as a screening test and testing only in the presence of 
clinical indications is believed to reduce the number of false positives 
and simplify the interpretation of a positive result. The risk of a high rate 

of false positives is especially consistent when the pre-test probability is 
low. This should persuade physicians not to recommend ANCA testing in 
the setting of a “general autoimmunity screening” or with the intention 
of ruling out autoimmune diseases [58]. These recommendations do not 
apply to ANCA testing in the diagnosis of IBD, autoimmune hepatitis or 
drug-induced vasculitis. [46] In these settings, a wider array of antigens 
may be present and IIF may therefore be more convenient. 

Among new technologies proposed for ANCA testing, multiplex 
bead-based technology, and rapid screening assays warrant to be dis-
cussed. Bead-based multiplex technology allows samples to undergo 
simultaneous IIF, MPO- and PR3-ANCA testing with completely auto-
mated digital interpretation [59]. Rapid screening assays promise to 
make results available in less than 60 minutes, a time frame which may 
be interesting even for emergency physicians approaching patients with 
rapidly progressive renal and pulmonary manifestations [58]. 

1.6. The pathways to ANCA development 

It remains unclear how ANCA develop in AAV but several theories 
have been proposed [60,61]. The first hypothesis states that PR3-ANCA 
are generated due to autoantigen complementarity. According to this 
theory, development of ANCA begins with the production of an antigen 
complementary to PR3 (cPR3) by the antisense strand of PR3-coding 
DNA or by bacteria which have a sequence homologous to PR3 
antisense-DNA [62]. The immune response is elicited by the production 
of antibodies against cPR3, which in turn lead to the production of anti- 
idiotypic antibodies which target PR3 itself (Fig. 3 – panel A). This view 
was supported by evidence of anti-complementary PR3 autoantibodies 
in patients with AAV and by immunization experiments in mice [62]. 

It was also suggested that the initial antigen may have an exogenous 
source, such as nasopharyngeal colonization with Staphyloccoccus aureus 
and intestinal infestation with Entamoeba histolytica [63,64]. This 
mechanism is generally known as molecular mimicry, in which foreign 
antigens induce the production of antibodies which also show affinity 
for self-antigens (Fig. 3 – panel B) [65,66]. 

According to other researchers, it is impairment in apoptosis of 
neutrophils leading to increased antigenic exposure and antibody gen-
eration (Fig. 3 – panel C) [67], possibly due to the translocation of 
neutrophil antigens to the plasma membrane during apoptosis [68]. 
Apoptotic neutrophils seemed to stimulate autoimmunity more than 
healthy ones when injected into mice [69,70] and it was hypothesized 
that dendritic cells take up apoptotic neutrophils and present their an-
tigens leading to the activation of specific T cells [60,71]. 

Ultimately, the extracellular release of target antigens (MPO and 
PR3) may occur within the environment of neutrophil extracellular traps 
(NETs) (Fig. 3 – panel D) and antigens in NETs may be processed by 
antigen presenting cells and lead to the development of autoimmunity in 
AAV [72–75]. Clearly, all these mechanisms may occur simultaneously 
and synergistically in eliciting autoimmunity, as illustrated in Fig. 3. 

Table 1 
Main clincal conditions which need to be assessed by testing ANCA 
autoantibodies.  

Glomerulonephritis, especially rapidly progressive glomerulonephritis 
Pulmonary haemorrhage, especially pulmonary renal syndrome 
Cutaneous vasculitis with systemic features 
Multiple lung nodules 
Chronic destructive disease of the upper airways 
Long-standing sinusitis or otitis 
Subglottic tracheal stenoses 
Mononeuritis multiplex or other peripheral neuropathy 
Retro-orbital mass 
Scleritis  
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Fig. 3. ANCA generation hypothesis. A – Complementary peptide: The expression of a peptide with a structure complementary to that of PR3, capable of binding it, 
may induce the production of autoantibodies [62]; B – Molecular mimicry: Some epitopes on S. aureus and E. histolytica antigens may resemble PR3 and MPO and 
induce the production of autoantibodies [63,64]; C – Apoptosis impairment: Impairment in neutrophils apoptosis may increase exposure to autoantigens and antibody 
generation by B cells [67,68]; D – NET clearance impairment: NETs contain chromatin and granular proteins, such as MPO and PR3. These may be processed by APCs 
and lead to ANCA formation [72–74]. 
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1.7. ANCA pathogenetic role 

While the association between ANCA and AAV had been established 
early, the development of a model of pathogenicity for ANCA proved 
more challenging. This was complicated by the intracellular and intra-
granular location of the target autoantigens, which appeared to be out of 
reach for in vivo antibodies. In 1990, the first pivotal study for the 
development of the paradigm of ANCA mediated damage in AAV was 
published [76]. Falk et al. observed that neutrophils activated with TNF 
in vitro expressed MPO on their surface. When ANCA were subsequently 
added, a higher rate of degranulation and reactive oxygen species (ROS) 
production was observed [76]. 

In 1994, it was found that also PR3 is expressed on the neutrophil 
plasma membrane upon activation [77]. In the same year, in vitro evi-
dence demonstrated that ANCA could bind to neutrophils by means of an 
Fcγ receptor (FcγR-IIa) present on their plasma membrane [78]. How-
ever, this finding was in conflict with the previous hypothesis that ANCA 
directly bound to membrane PR3 and MPO. Six years later, additional 
confirmation came that PR3 and MPO are present on the membrane of 
activated but not quiescent neutrophils [68]. 

In 2001, it was shown that ANCA binding to FcγR-IIa on neutrophils 
surface is necessary, but not sufficient, for their activation [79]. As 
previous experiments had already observed, it’s the concurrent binding 
of ANCA to FcγR-IIa and MPO/PR3 which activates neutrophils [28,80]. 
ANCA binding leads to upregulation of genes expressing proin-
flammatory mediators [81] and favors the adhesion and migration of 
neutrophils through the endothelium [82,83]. Several experiments have 
been carried out in animal models, with substantial but not definitive 
evidence supportive of ANCA pathogenicity [83–87] but one of the most 
convincing lines of evidence demonstrated how immunodeficient mice, 
incapable of mounting an immune response, would develop necrotizing 
crescentic glomerulonephritis (NCGN) when injected with murine MPO- 
ANCA [84]. The pathogenic role of anti-MPO was confirmed by different 
experimental approaches [85] beginning in 2004 with evidence of an 
increased local subcutaneous reaction when TNF-α was injected in mice 
together with PR3-ANCA as opposed to TNF-α alone, despite the lack of 
GPA-like pathology [86]. It was also proven that immunization of mice 
with PR3 can lead to the generation of PR3-ANCA, nonetheless these 
autoantibodies were incapable of causing vasculitis [88]. 

AAV renal involvement is generally characterized by the lack of 
immune complexes but the involvement of the alternative pathway of 
complement in NCGN has been postulated [87]. Furthermore, mice with 
normal complement function and mice with depletion of complement 
were immunized with MPO-ANCA but only the former group developed 
NCGN and it was suggested that ANCA interaction with neutrophils 
stimulates the activation of the alternative complement pathway and 
neutrophil-mediated inflammation [87]. More recently, a retrospective 
study was conducted on renal biopsies collected from AAV patients with 
NCGN which investigated the presence of immune complexes and 
complement components in the kidney. Although immune complexes 
were absent, complement components were present in a significant 
amount of biopsies, suggesting that local immune complexes are quickly 
degraded and the alternative complement pathway contributes to renal 
damage in AAV [89]. 

In contrast to a wide body of evidence showing in vivo MPO-ANCA 
pathogenicity, a convincing proof of PR3 pathogenicity remains 
elusive [90], as conflicting results obtained in mice have also been 
attributed to differences in the main epitopes of human and murine PR3, 
with human PR3 containing an hydrophobic patch which is absent in its 
murine counterpart [91]. Very recently, a plausible solution to this issue 
may have originated from the field of genetics as patients with PR3- 
ANCA and AAV were found to be carriers of the HLA-DPB1*04 allele, 
with 84% of them showing homozygosity [92], suggesting that the ge-
netic predisposition favours the development of AAV with PR3-ANCA 
[92]. 

Eventually, these differences in experimental findings between PR3 

and MPO vasculitis contributed to the development of the hypothesis 
that AAV may be better classified according to the target antigen of 
ANCA antibodies rather than clinical, radiographic and histological 
criteria [93]. Indeed, PR3-ANCA and MPO-ANCA vasculitis constitute 
two distinct entities in terms of pathology, organ involvement, prognosis 
and even response to therapy. Proponents of this new classification 
claimed that it would be clinically better as more strictly linked to rit-
uximab response (superior in PR3-ANCA vasculitis) and probability of 
relapse (higher in PR3-ANCA vasculitis) [93]. 

1.8. ANCA clinical associations 

One of the earliest clinical studies to investigate the distribution of 
ANCA was published in 1997 by a French group which evaluated 
whether the prevalence of ANCA was increased in elderly hospitalized 
patients with respect to younger ones [94]. All patients with relevant 
comorbidities were excluded, a factor which may have contributed to its 
result of no significant association between ANCA and age [94,95]. In 
2000, Stone et al. compared the characteristics of IIF and ELISA in a 
cohort of 856 US patients and focused on the difference between the 
high positive predictive value (PPV) of ELISA (83%) compared to the 
relatively low PPV of IIF (45%) [96]. 

In 2001, a British group argued against the value of ANCA testing 
when performed by physicians other than rheumatologists by analysing 
data from 2734 tests performed at their hospital laboratory. While tests 
ordered from rheumatologists had a high prevalence of ANCA (18%) and 
AAV diagnoses, other specialties performed remarkably worse with 
neurologists ordering more than 800 tests (among which less than 20 
were positive) and still diagnosed no AAV case with a considerable cost 
on the hospital [97]. During the same year, an ambitious study was 
conducted by German researchers with the aim of describing and 
quantifying the disorders which affected a cohort of immuno- 
rheumatological patients with ANCA positive testing [98]. Patients 
with atypical ANCA pattern were excluded, just like patients with ANA 
positivity on HEp-2 cells and P-ANCA staining pattern, i.e. suspicious for 
false positives. The size of the population was the most extensive studied 
to that date, with 4620 patients tested, 624 IIF positive, 312 ELISA 
positive. C-ANCA were found to be sensitive (81%) and specific (99.5%) 
for GPA, while P-ANCA were moderately sensitive (65%) but specific 
(94%) for MPA. On the other hand, a low proportion (13%) of EGPA 
cases had positive ANCA [98]. While C-ANCA and ELISA testing were 
very specific for GPA, P-ANCA were often positive also in patients with 
RA, systemic lupus erythematosus (SLE), ulcerative colitis (UC) and 
other vasculitides [98]. As in most cases, descriptive statistics are clearly 
influenced by the composition of the population screened and, in this 
case, patients were referred from either immunologists or rheumatolo-
gists, a feature that probably increased the predictive accuracy of the 
test. 

In 2009, a study was aimed to compare the survival rate between 
patients with and without ANCA [99]. Although original in its intent, the 
design of the study presents many caveats such as its low power with 
only 54 patients with ANCA. Although patients with ANCA are shown to 
have a significantly lower survival rate, suspicions arise about the 
possible presence of an unmeasured selection bias in a control with a 
100% survival rate [99]. A Greek epidemiological study included 10803 
samples with 661 ANCA-positive sera [100]. The prevalence of ANCA 
(6.11%) is significantly lower (Chi-square test, p < 0,0001) than that 
reported by the 2001 Schönermarck’s study (13.5%). The majority of 
ANCA positives were found in patients with RA, SLE, gastrointestinal 
disorders, malignancies, infections and other conditions with only 
20.5% positive sera derived from AAV cases [100,101].Two additional 
studies investigated the distribution of disorders among patients who 
tested positive for ANCA. In the first study, conducted in France, 
approximately 26% of patients who had tested positive (209 in total) 
suffered from AAV [102]. A Canadian group found similar results, with 
29% of patients testing for ANCA for the first time being found to suffer 
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from AAV (a total of 76 positivities) [103]. 
Taken together, these results suggest that ANCA testing is sometimes 

ordered with a low pre-test probability, a feature which complicates 
intepretation of positive results; in fact, the presence of natural, appar-
ently non-pathogenic, autoantibodies has been proved in a small 
experiment in 2010 and a later study in 2016 [104,105]. It should be 
therefore emphasized that the clinician should adhere to a rigorous 
gating strategy when testing ANCA in the suspicion of AAV, following 
the indications of the 1999 and 2017 consensus statements [16,46]. 
Appropriate clinical indications for ANCA testing in AAV include 
glomerulonephritis (especially rapidly progressive glomerulonephritis) 
[106], pulmonary hemorrhage (especially pulmonary renal syndrome), 
cutaneous vasculitis with systemic features, multiple lung nodules or 
masses [107], chronic destructive disease of the upper airways, chronic 
sinusitis or otitis, mononeuritis multiplex, retro-orbital mass or scleritis 
(Table 1). [16,46,108,109] 

1.9. Open challenges 

Several challenges remain open in ANCA testing and interpretation 
in clinical practice, as mentioned in the previous sections. 

1.9.1. ELISA vs indirect immunofluorescence 
In 2012, the revised CHCC vasculitis nomenclature did not consider 

the presence of “C-ANCA ” or “P-ANCA ” in the nomenclature of AAV, 
but rather included MPO- and PR3-ANCA. It was also suggested that a 
prefix is added to the diagnosis of an AAV indicating whether a patient is 
PR3- or MPO-ANCA positive (or ANCA negative). The 2017 consensus 
statement on ANCA testing endorsed the use of high quality PR3- and 
MPO-ANCA assays in patients suspected of suffering from AAV [46]. 
However, the draft of the new classification criteria for AAV, which was 
recently published, goes in a different direction [110], stating how C- 
ANCA and P-ANCA have the same weight as PR3- and MPO-ANCA in the 
classification of AAV. 

1.9.2. The significance of anti-LAMP2 
In 1995, Kain et al. described LAMP2, a glycosylated neutrophil 

protein, as an ANCA target in 14 (out of 16) patients with necrotizing 
glomerulonephritis [111], but it took over 20 years for its significance to 
be hypothesized and tested [112]. In a 2008 landmark study, the same 
group demonstrated that anti-LAMP2 were prevalent in most patients 
with necrotizing glomerulonephritis, that they were pathogenic in vitro 
and in vivo (in rats), that anti-LAMP2 are probably generated through 
molecular mimicry of a bacterial adhesin (FimH, expressed by Escher-
ichia coli and other Gram- bacteria) and even that immunization of rats 
with FimH leads to development of anti-LAMP2 and NCGN [112]. 
However, observational studies conducted in order to investigate the 
prevalence of anti-LAMP2 among AAV patients were not enlightening 
[113,114]. 

1.9.3. Prediction of flares 
The diagnostic value of ANCA in AAV is beyond any doubt but 

whether these disappear during disease remissions and reappear (or rise 
in titre) during flares remains debated [115]. According to a meta- 
analysis conducted in 2012, a rise in ANCA titer or a persistance dur-
ing remission is only modestly predictive of future relapse. [115] A 
study conducted in 2015 observed that a rise in ANCA titer correlated 
strongly with a disease flare in patients who suffered from renal 
involvement (hazard ratio [HR], 11.09; 95% confidence interval [95% 
CI], 5.01 to 24.55), while the association was weaker in the other group 
of patients (HR, 2.79; 95% CI, 1.30 to 5.98) [116]. Even if consideration 
of antibody levels is recommended and it may aid in clinical interpre-
tation, experts agree that treatment shall be withheld unless the ANCA 
rise in titer is accompanied by clinical manifestations [2,117]. 

1.9.4. ANCA-negative AAV 
ANCA-negative AAV remains a fascinating dilemma, which was now 

included in the 2012 revised CHCC vasculitis nomenclature [11]. 
Indeed, there are four possible explanations for this entity, which are not 
mutually exclusive. Firstly, some tests may not be sufficiently sensitive 
for ANCA detection. Moreover, ANCA assays are not always concordant, 
hence the advice of retesting negative patients with a different assay 
upon high clinical suspicion [57]. Second, some ANCA-negative AAV 
patients may have undetectable MPO-ANCA due to the presence in 
serum of ceruloplasmin, which binds to MPO as its physiological in-
hibitor [118]. After removing ceruloplasmin from serum, MPO-ANCA 
became detectable in patients whose immunodominant epitopes on 
MPO were masked by ceruloplasmin (or ceruloplasmin fragments) 
[119]. Third, anti-LAMP2 may be present in some ANCA-negative AAV 
patients, but as they are not tested in clinical routine they cannot be 
found. Last, ANCA-independent pathogenic mechanisms might also be 
hypothesided regardless of the serum specificity in AAV [11]. 

1.9.5. MPO- and PR3-ANCA coexistance 
As of now, MPO- and PR3-ANCA double positivity has only been 

proven in patients exposed to medications and/or levamisole- 
contaminated cocaine (accounting for approximately 70% of this illicit 
drug sold in the USA) [120,121]. In general terms, drug-induced ANCA 
associated vasculitis usually runs a milder course than other AAV. 
Management should include immediate withdrawal of the offending 
agent (with avoidance of re-challenge) and individualized treatment 
based upon severity of the presentation. Long-term maintenance therapy 
is usually unnecessary. [122] Among thirty patients with exposure to 
levamisole, half manifested this double positivity and were all cocaine 
users, with some developing small vessel vasculitis. [123] Despite hav-
ing few therapeutical applications in humans, levamisole is frequently 
used to adulterate street cocaine [124], as supported by a number of 
reports of levamisole-induced vasculitis in cocaine abusers. 
[123,125,126] Several factors have been involved in the development of 
autoimmunity after exposure to drugs [120,122]. 

1.9.6. ANCA in inflammatory bowel disease 
The initial reports of ANCA positivity in IBD date back to 1993 when 

P-ANCA directed against lactoferrin were found to be significantly more 
common in patients suffering from UC, primary sclerosing cholangitis 
(PSC), or both. [127–129] In 1998, Anti-Saccharomyces cerevisiae anti-
bodies (ASCA) were found to be increased among patients with CD. 
Combining ANCA and ASCA testing allowed to diagnose UC with a 
sensitivity of 57%, a specificity of 97% and a positive predictive value 
(PPV) of 92.5% [130]. It was immediately clear that serological testing 
of ANCA and ASCA might prove useful to differentiate IBD from other 
causes of colitis and especially to classify IBD into CD or UC. [130] The 
accuracy of ANCA and ASCA was too low for them to be useful as 
diagnostic adjuncts. However, they were strongly recommended in 
indeterminate colitis. Indeterminate colitis (IC) is a subset (10-15%) of 
IBD patients in which clinical, radiological and histological findings are 
not specific enough to distinguish between CD and UC. Recently, the 
expression “IBD-unclassified” has been proposed to replace the older 
“indeterminate colitis”. [131] In these patients, combined testing was 
shown to have good predictive features and allow an earlier, more 
appropriate, treatment. [132] Of note, although extensive investigations 
were performed on this subject, an association between PR3-ANCA and 
UC was missed by researchers until very recently. Initially, PR3-ANCA 
were described in a small group of patients with UC refractory to 
treatment. [133] The increased prevalence of PR3-ANCA in UC with 
respect to CD was later confirmed by different studies, which also 
showed the association of PR3-ANCA and more extensive disease in UC. 
[134,135] Importantly, detection of PR3-ANCA in UC is largely depen-
dent on the assay used, and titers are significantly lower as compared to 
AAV [136]. As a result, combined ASCA and ANCA (both IIF and ELISA) 
testing may offer the possibility to distinguish between UC and CD in a 

G. Ramponi et al.                                                                                                                                                                                                                               



Autoimmunity Reviews 20 (2021) 102759

8

considerable percentage of patients with IC. Several other biomarkers 
have also been recently identified which may further improve the 
classification, monitoring and treatment of IBD through non-invasive, 
relatively cheap testing [137]. In a recent consensus statement pub-
lished by experts in the field of ANCA testing, it was suggested that PR3- 
ANCA positivity may aid in differentiating UC from CD, while associa-
tions between ANCA status and extent of disease are still inconclusive 
[138]. 

2. Concluding remarks 

The study of ANCA is an established field of research, whose rele-
vance is mostly due to the association with AAV. While at first glance it 
may seem that there is little room left for further advancements, to a 
closer look it is clear that multiple issues are still unsolved. As a starter, 
the mechanisms of ANCA development have only been hypothesized 
with autoantigen complementarity, apoptosis impairment, molecular 
mimicry and NETs possibly involved. Furthermore, the pathogenic role 
of ANCA in humans remains elusive; while anti-MPO pathogenicity has 
been reliably established in murine models, anti-PR3 mechanisms of 
damage are less clear. Besides, after two decades of research, a clinical 
significance of anti-LAMP2 does not seem to have been established with 
certainty. Several hypotheses have been made which would confer to 
these autoantibodies an important, currently neglected, role in AAV. 
Similarly, it is puzzling why some patients with AAV test negative for 
serum ANCA. In conclusion, we believe that serum ANCA are a fasci-
nating subject which only pertains to a niche of researchers and physi-
cians, however they are of great relevance for the understanding and 
treatment of ANCA-associated vasculitides and other autoimmune dis-
orders. In the current global scenario, where scientists are rightfully 
concentrated on the COVID-19 pandemic and more generally on chronic 
disorders with high prevalence, it is to wish that these intriguing ques-
tions will continue to appeal the focus of high quality research. 
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Antineutrophil cytoplasmic autoantibodies interact with primary granule 
constituents on the surface of apoptotic neutrophils in the absence of neutrophil 
priming. J Exp Med 1996;184:2231–41. 

[68] Yang JJ, Tuttle RH, Hogan SL, Taylor JG, Phillips BD, Falk RJ, et al. Target 
antigens for anti-neutrophil cytoplasmic autoantibodies (ANCA) are on the 
surface of primed and apoptotic but not unstimulated neutrophils. Clin Exp 
Immunol 2000;121:165–72. https://doi.org/10.1046/J.1365-2249.2000.01228. 
X. 

[69] Rauova L, Gilburd B, Zurgil N, Blank M, Guegas LL, Brickman CM, et al. Induction 
of biologically active antineutrophil cytoplasmic antibodies by immunization 
with human apoptotic polymorphonuclear leukocytes. Clin Immunol 2002;103: 
69–78. https://doi.org/10.1006/clim.2002.5194. 

[70] Patry YC, Trewick DC, Gregoire M, Audrain MA, Moreau AM, Muller JY, et al. 
Rats injected with syngenic rat apoptotic neutrophils develop antineutrophil 
cytoplasmic antibodies. J Am Soc Nephrol 2001;12:1764–8. 

[71] Clayton AR, Prue RL, Harper L, Drayson MT, Savage COS. Dendritic cell uptake of 
human apoptotic and necrotic neutrophils inhibits CD40, CD80, and CD86 
expression and reduces allogeneic T cell responses: relevance to systemic 
vasculitis. Arthritis Rheum 2003;48:2362–74. https://doi.org/10.1002/ 
art.11130. 

[72] Brinkmann V, Reichard U, Goosmann C, Fauler B, Uhlemann Y, Weiss DS, et al. 
Neutrophil extracellular traps kill bacteria. Science (80-) 2004;303:1532–5. 

[73] Sangaletti S, Tripodo C, Chiodoni C, Guarnotta C, Cappetti B, Casalini P, et al. 
Neutrophil extracellular traps mediate transfer of cytoplasmic neutrophil antigens 
to myeloid dendritic cells toward ANCA induction and associated autoimmunity. 
Blood 2012;120:3007–18. 

[74] Kessenbrock K, Krumbholz M, Schönermarck U, Back W, Gross WL, Werb Z, et al. 
Netting neutrophils in autoimmune small-vessel vasculitis. Nat Med 2009;15: 
623–5. 

[75] Frangou E, Vassilopoulos D, Boletis J, Boumpas DT. An emerging role of 
neutrophils and NETosis in chronic inflammation and fibrosis in systemic lupus 
erythematosus (SLE) and ANCA-associated vasculitides (AAV): Implications for 
the pathogenesis and treatment. Autoimmun Rev 2019;18:751–60. https://doi. 
org/10.1016/j.autrev.2019.06.011. 

[76] Falk RJ, Terrell RS, Charles LA, Jennette JC. Anti-neutrophil cytoplasmic 
autoantibodies induce neutrophils to degranulate and produce oxygen radicals in 
vitro. Proc Natl Acad Sci U S A 1990;87:4115–9. 

[77] Csernok E, Ernst M, Schmitt W, Bainton DF, Gross WL. Activated neutrophils 
express proteinase 3 on their plasma membrane in vitro and in vivo. Clin Exp 
Immunol 1994;95:244–50. 

[78] Porges AJ, Redecha PB, Kimberly WT, Csernok E, Gross WL, Kimberly RP. Anti- 
neutrophil cytoplasmic antibodies engage and activate human neutrophils via Fc 
gamma RIIa. J Immunol 1994;153:1271–80. 

[79] Ben-Smith A, Dove SK, Martin A, Wakelam MJ, Savage CO. Antineutrophil 
cytoplasm autoantibodies from patients with systemic vasculitis activate 
neutrophils through distinct signaling cascades: comparison with conventional 
Fcgamma receptor ligation. Blood 2001;98:1448–55. 

[80] Mulder AHL, Heeringa P, Brouwer E, Limburg PC, Kallenberg CGM. Activation of 
granulocytes by anti-neutrophil cytoplasmic antibodies (ANCA): A FcγRII- 
dependent process. Clin Exp Immunol 1994;98:270–8. https://doi.org/10.1111/ 
j.1365-2249.1994.tb06137.x. 

[81] Surmiak M, Kaczor M, Sanak M. Proinflammatory genes expression in 
granulocytes activated by native proteinase-binding fragments of anti-proteinase 
3 IgG. J Physiol Pharmacol 2015;66:609–15. 

[82] Radford DJ, Luu NT, Hewins P, Nash GB, Savage COS. Antineutrophil cytoplasmic 
antibodies stabilize adhesion and promote migration of flowing neutrophils on 
endothelial cells. Arthritis Rheum 2001;44:2851–61. https://doi.org/10.1002/ 
1529-0131(200112)44:12<2851::AID-ART473>3.0.CO;2-2. 

[83] Little MA, Smyth CL, Yadav R, Ambrose L, Cook HT, Nourshargh S, et al. 
Antineutrophil cytoplasm antibodies directed against myeloperoxidase augment 
leukocyte-microvascular interactions in vivo. Blood 2005;106. https://doi.org/ 
10.1182/blood-2005-03-0921. 

[84] Xiao H, Heeringa P, Hu P, Liu Z, Zhao M, Aratani Y, et al. Antineutrophil 
cytoplasmic autoantibodies specific for myeloperoxidase cause 
glomerulonephritis and vasculitis in mice. J Clin Invest 2002;110:955–63. 

[85] Xiao H, Heeringa P, Liu Z, Huugen D, Hu P, Maeda N, et al. The role of 
neutrophils in the induction of glomerulonephritis by anti-myeloperoxidase 

G. Ramponi et al.                                                                                                                                                                                                                               

https://doi.org/10.1093/ndt/gft416
https://doi.org/10.1093/ndt/gft416
https://doi.org/10.1016/B978-0-444-63269-2.00003-9
https://doi.org/10.1016/B978-0-444-63269-2.00003-9
https://doi.org/10.1111/j.1365-2249.2007.03453.x
https://doi.org/10.1111/j.1365-2249.2007.03453.x
https://doi.org/10.1016/0272-6386(95)90489-1
https://doi.org/10.1016/0272-6386(95)90489-1
https://doi.org/10.2215/CJN.01380217
https://doi.org/10.2215/CJN.05270515
https://doi.org/10.2215/CJN.05270515
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0205
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0205
https://doi.org/10.3389/fimmu.2014.00577
https://doi.org/10.3389/fimmu.2014.00577
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0215
https://doi.org/10.1002/0471143030.cb0403s69
https://doi.org/10.1002/0471143030.cb0403s69
https://doi.org/10.1038/nrrheum.2017.140
https://doi.org/10.1016/j.cll.2019.07.005
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0235
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0235
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0235
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0235
https://doi.org/10.1016/j.autrev.2015.10.007
https://doi.org/10.1172/JCI114335
https://doi.org/10.1172/JCI114335
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0250
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0250
https://doi.org/10.1016/0140-6736(93)91761-A
https://doi.org/10.1016/0140-6736(93)91761-A
https://doi.org/10.1093/oxfordjournals.qjmed.a069005
https://doi.org/10.1093/oxfordjournals.qjmed.a069005
https://doi.org/10.1007/s12016-008-8088-8
https://doi.org/10.1007/s12016-008-8088-8
https://doi.org/10.1136/ard.2009.109868
https://doi.org/10.1136/ard.2009.109868
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0275
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0275
https://doi.org/10.1136/annrheumdis-2016-209507
https://doi.org/10.1016/j.lpm.2013.01.028
https://doi.org/10.1371/journal.pone.0107743
https://doi.org/10.1371/journal.pone.0107743
https://doi.org/10.1016/S0140-6736(06)69114-9
https://doi.org/10.1016/j.autrev.2017.12.002
https://doi.org/10.1016/j.autrev.2017.12.002
https://doi.org/10.1038/nm968
https://doi.org/10.1038/nm968
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0310
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0310
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0310
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0315
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0315
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0315
https://doi.org/10.1007/s12016-011-8294-7
https://doi.org/10.1007/s12016-011-8294-7
https://doi.org/10.1097/MD.0000000000002564
https://doi.org/10.1097/MD.0000000000002564
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0330
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0330
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0330
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0330
https://doi.org/10.1046/J.1365-2249.2000.01228.X
https://doi.org/10.1046/J.1365-2249.2000.01228.X
https://doi.org/10.1006/clim.2002.5194
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0345
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0345
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0345
https://doi.org/10.1002/art.11130
https://doi.org/10.1002/art.11130
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0355
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0355
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0360
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0360
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0360
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0360
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0365
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0365
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0365
https://doi.org/10.1016/j.autrev.2019.06.011
https://doi.org/10.1016/j.autrev.2019.06.011
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0375
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0375
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0375
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0380
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0380
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0380
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0385
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0385
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0385
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0390
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0390
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0390
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0390
https://doi.org/10.1111/j.1365-2249.1994.tb06137.x
https://doi.org/10.1111/j.1365-2249.1994.tb06137.x
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0400
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0400
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0400
https://doi.org/10.1002/1529-0131(200112)44:12<2851::AID-ART473>3.0.CO;2-2
https://doi.org/10.1002/1529-0131(200112)44:12<2851::AID-ART473>3.0.CO;2-2
https://doi.org/10.1182/blood-2005-03-0921
https://doi.org/10.1182/blood-2005-03-0921
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0415
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0415
http://refhub.elsevier.com/S1568-9972(21)00018-5/rf0415


Autoimmunity Reviews 20 (2021) 102759

10

antibodies. Am J Pathol 2005;167:39–45. https://doi.org/10.1016/S0002-9440 
(10)62951-3. 
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