PATHOGENESIS

ANCA subsets:
Influence on disease phenotype

ULRICH SPECKS, MD

ver the last decade a large body of evidence has

accumulated linking antineutrophil cytoplas-

mic autoantibodies (ANCA) to the pathogen-

esis of the small vessel vasculitides Wegener’s
granulomatosis (WG) and microscopic polyangiitis
(MPA). The concept of how ANCA directly and indi-
rectly contribute to vascular injury is derived mostly from
in vitro studies (Figure 1); it is not only plausible, but also
consistent with clinical and animal model observations.
Nevertheless, significant gaps in our knowledge remain,
and the controversy whether ANCA cause disease mani-
festations or are merely a marker of the disease has yet to
be settled. Answers to the following questions would rep-
resent major advances in our understanding of the patho-
genesis of ANCA-associated vasculitis. 1) What triggers
and what causes persistence of the ANCA response? 2)
Why, of all ANCA, are only those directed against pro-
teinase 3 (PR3) and myeloperoxidase (MPO) unequivo-
cally linked to pauci-immune small vessel vasculitis? 3)
Why does not every patient with PR3-ANCA or MPO-
ANCA suffer from active vasculitis? The goal of this
overview is not to provide answers to these questions, but
to set the stage for the hypothesis that the answers will be
found by unraveling the molecular (and functional) inter-
actions between ANCA and their specific target antigens.

= ANCA AND THE PATHOGENESIS OF VASCULITIS

ANCA were first described in the early 1980s as a cause of
diffuse granular cytoplasmic immunofluorescence staining
(C-ANCA) on ethanol-fixed neutrophils in association
with glomerulonephritis, vasculitis and Wegener’s granu-
lomatosis (WG).12 PR3 was subsequently identified as the
principal target antigen for these ANCA.3¢ At the same
time, ANCA reacting with myeloperoxidase (MPO) caus-
ing a perinuclear immunofluorescence staining pattern on
ethanol-fixed neutrophils (P-ANCA) were found in pa-
tients with MPA, its renal-limited variant, pauci-immune
glomerulonephritis, and, less frequently, in WG.” Multiple
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other neutrophil granule constituents have since been
identified as potential targets for ANCA in a variety of
disorders (reviewed in reference 8). However, many large
clinical studies have confirmed that only C-ANCA react-
ing with PR3 and P-ANCA reacting with MPO have a
high specificity for the autoimmune vasculitides WG and
MPA (reviewed in references 8 and 9).

Because of their high disease specificity and other clin-
ical observations, PR3- and MPO-ANCA have been sus-
pected to be more than an epiphenomenon. ANCA lev-
els frequently correlate with disease activity, even though
this correlation may not always be apparent in every indi-
vidual patient (reviewed in reference 10). Prospective
studies have confirmed the persistence or recurrence of
ANCA and significant ANCA titer rises as independent
risk factors for clinical relapses; also, a relapse of vasculitis
activity in the absence of ANCA is extremely unusu-
al.'12 ANCA -negative patients with biopsy-proven WG
usually have a good prognosis and do not develop systemic
vasculitic complications until there is ANCA seroconver-
sion.!? Patients receiving drugs such as propylthiouracil,
hydralazine or allopurinol, which are known to induce au-
toantibodies and clinical autoimmune syndromes, may de-
velop high titers of MPO-ANCA and small vessel vas-
culitis."* These clinical observations all support a signifi-
cant contributory role of ANCA for the development of
small vessel vasculitis.

Over the past decade many in vitro experiments and
some animal model studies have been performed to better
understand the pathogenic role of ANCA and to identify
specific mechanisms by which ANCA may lead to vascu-
lar injury (reviewed in references 15 to 17). Many proin-
flammatory effects of ANCA on neutrophils, monocytes,
and endothelial cells which enhance and perpetuate en-
dothelial cell and tissue damage have been well docu-
mented. The pathogenic role of ANCA for the develop-
ment of vasculitis is also supported by animal models of
MPO-ANCA-associated vasculitis (reviewed in reference
16). They clearly indicate that ANCA contribute direct-
ly to the development of vasculitis and glomerulonephri-
tis and that the interaction of ANCA with its target anti-
gen is required for the development of lesions.
Furthermore, the localization of lesions is determined by
the site of this interaction. At the same time, animal mod-
els support the significance of genetic determinants for the
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Figure 1. Schematic concept of proinflammatory effects of ANCA leading to vasculitis. Cofactors such as infections can trig-
ger an inflammatory response leading to cytokine-mediated priming of monocytes and neutrophils. This results in cell surface
expression of ANCA target antigens (such as PR3), which then may become a target for circulating ANCA. ANCA produc-
tion may be the result of interactions between T cells and B cells, activated by microbial superantigens. Stimulation of
primed neutrophils and monocytes by ANCA induces degranulation with protease release, and a respiratory burst with re-
lease of radical oxygen species. These effects result in direct injury to endothelial cells. Invoked mechanisms include cytotox-
icity and apoptosis, but also localized immune complex formation with complement activation. LPS = lipopolysaccharide;

ANCA = antineutrophil cytoplasmic antibodies.

development of autoimmunity, vasculitis, and a specific
phenotype with characteristic organ involvement and
histopathologic features. Finally, animal model studies in-
dicate that infections may be significant disease modi-
fiers.1819 Thus, the data from existing animal models of
ANCA -associated vasculitis are fully consistent with the
pathogenic concept of ANCA depicted in Figure 1.

Does the type of ANCA matter?

The mechanisms of ANCA induction and of their sub-
sequent persistence remain unknown. ANCA directed
against a variety of target antigens have been reported in
infections with bacterial, mycobacterial, fungal, viral and
parasitic organisms (reviewed in reference 8). However,
positivity for c-:ANCA reacting with PR3 and for p-
ANCA reacting with MPO is highly specific for small
vessel vasculitis and extremely uncommon in infections.
Nevertheless, c-:ANCA/PR3-ANCA have been reported
in amebiasis as well as subacute bacterial endocarditis
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(SBE).2021 Iny both instances the ANCA disappeared with
appropriate antimicrobial therapy, suggesting that ANCA
may occur transiently in the setting of infection, and that
the persistent ANCA response in patients with vasculitis
may be the result of molecular mimicry in susceptible
hosts.22 Subsequent diversification of T- and B-cell re-
sponses (“epitope spreading”) may lead to responses
against different epitopes on the same target molecule (in-
tramolecular spreading) or extend to other molecules (in-
termolecular spreading).??

It is therefore an attractive hypothesis that infections
may trigger an initial ANCA-response. If it happens to be
directed against the “right” molecules, ie, PR3 or MPO,
and is allowed to persist, the stage is set for the subsequent
development of small vessel vasculitis. Even though it is
currently unclear what makes these two antigens so
unique among all the described ANCA target antigens
that only ANCA against these two are tightly associated
with small vessel vasculitis, the ANCA target antigen
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specificities seem to have a bearing on clinical disease
manifestations. Whereas WG is mostly associated with c-
ANCA/PR3-ANCA,**? the majority of MPA patients
have p-ANCA/MPO-ANCA.2® A direct comparison of
clinical features of patients categorized by their ANCA-
status revealed that extra-renal manifestations, granuloma
formation, and relapse were more frequent in patients
with PR3-ANCA than those with MPO-ANCA.? In pa-
tients with pauci-immune glomerulonephritis and MPA,
the relative risk of death was 3.78 times greater in patients
with c-ANCA than in those with p-ANCA. Most indi-
vidual histopathologic lesions, and particularly the capil-
laritis of the lung and the focal segmental necrotizing
glomerulonephritis, do not allow a distinction between
MPO-ANCA-associated disease and PR3-ANCA-asso-
ciated disease per se. Yet the characteristic necrotizing
granulomatous (“geographic necrosis”) inflammation
with giant cells of WG is rarely encountered in patients
with MPO-ANCA.282 A careful analysis of renal biopsy
specimens of 173 patients obtained at the time of diagno-
sis suggests that active and chronic renal lesions are more
abundant in MPO-ANCA—positive patients than in PR3-
ANCA positive patients,’® confirming previous observa-
tions made by others in a smaller cohort of patients.’!
Thus, despite substantial overlap, there appear to be clin-
ical and pathologic differences between patients with
PR3-ANCA and MPO-ANCA that may reflect different
pathogenic interactions between ANCA, their target
antigens, and the target organ environment at the molec-
ular level.

Why does not everybody with PR3- or MPO-
ANCA have active vasculitis?

The clinical observation that not everybody with a
PR3-ANCA or MPO-ANCA develops a small vessel vas-
culitis appears to be at odds with the concept of the path-
ogenicity of these ANCA. Even the best-standardized
ANCA detection methods occasionally identify false-pos-
itive results. The best-documented false-positive C-
ANCA/PR3-ANCA are the already mentioned 7 pa-
tients with SBE (only one of whom also had proven vas-
culitis).2! Another important clinical observation is that
not every vasculitis patient with ANCA relapses when
ANCA recur or persist.'>3? This and the fact that the
ANCA of the SBE patients disappeared promptly after
successful antibiotic therapy might suggest that “patho-
genic” ANCA need to persist long enough for subsequent
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exposure of the patient to cofactors (such as infection or
wound healing) that via neutrophil and monocyte prim-
ing allow for ANCA to interact with their target antigen
on the effector cell surface and trigger the cascade leading
to endothelial cell damage (Figure 1).

Another possible explanation is that ANCA subsets,
which are not differentiated by routine methods of
ANCA detection, interact differently with their target
antigens, resulting in variable functional consequences.
Competition studies using different monoclonal antibod-
ies have shown that sera from patients contain variable
amounts of PR3-ANCA subsets recognizing different epi-
topes.>> Furthermore, some PR3-ANCA interfere with
the complexation of PR3 with its inhibitor, alpha 1-PI,
and some directly inhibit the enzymatic activity of PR3.
In these small patient series, PR3-ANCA with these
properties seemed to be associated disease activity.3*3¢
The notion that some PR3-ANCA recognizing specific
epitopes may be more relevant for the pathogenesis of vas-
culitis than others is also supported by our observation
that PR3-ANCA encountered in cocaine abusers with
midline destructive lesions, but no vasculitis, seem to be
different from those found in WG patients.’’
Furthermore, we have shown that PR3-ANCA subsets
recognizing conformational epitopes on the pro-form of
PR3 may be more sensitive to changes in disease activity
than PR3-ANCA reacting with epitopes only accessible
on the mature form of PR3.38 ANCA recognizing differ-
ent epitopes on MPO have also been reported,?*#° and
certain epitope recognition profiles seem to be related to
clinical disease manifestations.! Finally, ANCA of differ-
ent lgG subclass may affect the clinical disease manifesta-
tions. Enrichment of IgG3 subclass ANCA has been ob-
served in patients with active disease.l242% [gG3 is the
most effective complement activator and binds with high
affinity to Fc receptors on neutrophils and monocytes.

These observations support the hypothesis that specif-
ic ANCA subsets may contribute to the heterogeneity of
clinical manifestations via their different functional ef-
fects on their target antigens and inflammatory cells. At
the same time, ANCA subsets may also explain apparent
incongruences between ANCA test results and clinical
findings. More definitive studies aimed at the identifica-
tion of specific ANCA subsets, their functional impact
and clinical correlations in large well-characterized pa-
tient populations allowing detailed statistical analysis
with sufficient power are needed.
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