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REVIEW

B cell epitope specificity in ANCA -associated vasculitis: does it matter?
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SUMMARY

Pauci-immune idiopathic small-vessel vasculitis is strongly associated with the presence of antineutro-
phil cytoplasm autoantibodies (ANCA). Antibodies to PR3 predominate in patients with Wegener’s
granulomatosis; antibodies to myeloperoxidase (MPO) are found more frequently in patients with
microscopic polyangiitis. There is increasing in vivo and in vitro evidence for a pathogenic role of ANCA
in systemic vasculitis based on associations of ANCA with disease activity. If ANCA are pathogenic,
why is the course of disease different from one patient to another? Antibodies can recognize different
binding sites (epitopes) on their corresponding antigens. Differences in binding specificity may influ-
ence the pathogenic potential of the antibodies. Differences between epitope specificity of ANCA
between patients or changes in epitope specificity of ANCA in time in an individual patient may, accord-
ingly, result in differences in disease expression. This review will focus on epitope specificity of autoan-
tibodies in systemic autoimmune diseases and especially on the epitope specificity of PR3- and MPO-
ANCA. We will discuss whether PR3-ANCA or MPO-ANCA recognize different epitopes on PR3 and
MPO, respectively, and whether the epitopes recognized by ANCA change in parallel with the disease
activity of ANCA-associated vasculitis. Finally, we will speculate if the direct pathogenic role of ANCA
can be ascribed to one relapse- or disease-inducing epitope. Characterization of relapse- or disease-
inducing epitopes bound by PR3-ANCA and MPO-ANCA is significant for understanding initiation
and reactivation of ANCA-associated vasculitis. Elucidating a disease-inducing epitope bound by

ANCA may lead to the development of epitope-specific therapeutic strategies.
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INTRODUCTION

Pauci-immune idiopathic small-vessel vasculitis is strongly asso-
ciated with the presence of antineutrophil cytoplasm autoantibod-
ies (ANCA). In the context of idiopathic vasculitis, ANCA with a
cytoplasmic staining pattern by indirect immunofluorescence (c-
ANCA) are generally directed against proteinase 3 (PR3), while
a perinuclear staining pattern (p-ANCA) is often produced by
antibodies to myeloperoxidase (MPO). These target antigens of
ANCA are both located in the azurophilic granules of neutrophils
and monocytes [1]. Antibodies to PR3 predominate in patients
with Wegener’s granulomatosis (WG); antibodies to MPO are
found more frequently in patients with microscopic polyangiitis
(MPA), although these associations are not absolute [2].

There is increasing in vivo evidence for a pathogenic role of
ANCA in systemic vasculitis based on associations of ANCA with
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disease activity. Patients who are persistently or intermittently
ANCA-positive during remission are prone to develop relapses
[3-5] and in many cases titres of ANCA rise prior to a relapse of
WG or MPA [6-9]. In addition, treatment based on changes in
ANCA titres was shown to prevent the development of relapses
in patients with ANCA-associated vasculitis [9,10].

Over the last decade numerous in vitro data support a direct
pathogenic role of ANCA in systemic vasculitis. Following prim-
ing of neutrophils, binding of ANCA to either MPO or PR3 on
the neutrophil surface leads to neutrophil activation, manifested
as oxygen radical production and degranulation which may
induce tissue necrosis [11-13]. Furthermore, in vitro interaction
between leucocytes, ANCA and endothelial cells can result in
damage to the latter cells by toxic products released from the acti-
vated leucocytes [14-16]. Recently, an animal model for MPO-
ANCA-associated vasculitis has been described that strongly sup-
ports a pathogenic role for MPO-ANCA in glomerulonephritis
and vasculitis. Antibodies to murine MPO were generated by
immunization of MPO knock-out mice with murine MPO. Puri-
fied IgG of these mice was transferred to B and T cell-deficient
Rag2 knock-out and wild-type mice, which developed mild
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necrotizing and crescentic glomerulonephritis after a single injec-
tion with anti-MPO antibodies [17].

If ANCA are pathogenic, why is the course of disease differ-
ent from one patient to another? Antibodies can recognize dif-
ferent binding sites (epitopes) on their corresponding antigens.
Differences in binding specificity may influence pathogenic
potential of the antibodies. Differences between epitope specific-
ity of ANCA between patients or changes in epitope specificity of
ANCA in time in an individual patient may, accordingly, result in
differences in disease expression. This review will focus on
epitope specificity of autoantibodies in systemic autoimmune dis-
eases, and especially on epitope specificity of PR3- and MPO-
ANCA. We will discuss whether PR3-ANCA or MPO-ANCA
recognize different epitopes on PR3 and MPO, respectively, and
whether the epitopes recognized by ANCA change in parallel
with disease activity of ANCA-associated vasculitis. Finally, we
will speculate if the direct pathogenic role of ANCA can be
ascribed to one relapse- or disease-inducing epitope.

EPITOPE SPREADING IN ANTIBODY-MEDIATED
AUTOIMMUNE RESPONSES

Autoimmune diseases are considered to result from breakdown
of self-tolerance, manifested by the appearance of autoreactive B
and T lymphocytes. Systemic autoimmune diseases, such as sys-
temic lupus erythematosus (SLE), rheumatoid arthritis (RA) and
ANCA -associated vasculitis (AAV), result from the emergence
of both autoreactive T and B cells. Based on the observation that
the autoimmune response is not generalized but is directed spe-
cifically to one or a restricted number of autoantigens, it has been
proposed that molecular mimicry between these antigens and
microbial antigens might be one of the pathogenic mechanisms
in the induction of autoimmune disease. Exposure to microbial
antigens that display conformational epitopes closely resembling
those of the autoantigen may elicit an antibody response that
cross-reacts with epitopes on the autoantigen [18]. Whereas
molecular mimicry is considered a trigger for autoimmunity,
epitope spreading has been described as an important factor
explaining the diversification and amplification of autoimmunity
in an individual. Epitope spreading involves the acquired recog-
nition of new epitopes within the same molecule (intramolecular
epitope spreading) as well as epitopes residing in proteins that are
associated in the same macromolecular complex (intermolecular
epitope spreading) [19-21].

Evidence that autoimmune responses in systemic autoim-
mune diseases are dynamic with evolving specificities has been
demonstrated mainly for SLE. Here, B cell epitope spreading
from a disease-inducing epitope to other areas of the autoantigen
(intramolecular epitope spreading) and other autoantigens (inter-
molecular epitope spreading) have been described [22-25]. With
regard to the molecular mimicry model proposed, it is interesting
to note that antibodies elicited by the Epstain—Barr (EBV) viral
antigen EBNA-2 may cross-react with the D1 peptide of Sm
autoantigen, thus suggesting a role for EBV-specific immune
responses in the development of SmD1 autoantibodies in SLE
patients [26,27]. Therefore, it seems that in SLE autoreactive B
cell specificities may originate from one epitope, cross-reactive
with an epitope present on microbial antigens, followed by
epitope spreading to other areas of the same or different autoan-
tigens. Is the first epitope recognized by antibodies in patients
with SLE a disease-inducing epitope? Immunization of experi-

mental animals with a peptide that comprises one of the earliest B
cell epitopes in the anti-Sm response found in humans with SLE
leads to autoantibody production to other autoantigens described
in SLE, among which are antibodies to native DNA. The produc-
tion of these autoantibodies was associated with the development
of symptoms of SLE [23,28].

If, in SLE, mechanisms as molecular mimicry and epitope
spreading are important pathogenic mechanisms, could this also
be the case in other systemic autoimmune diseases, such as
ANCA-associated vasculitis? For AAV a new intriguing patho-
genic mechanism was proposed for initiation and progression of
AAV. Autoimmunity to PR3 could be initiated through an
immune response against the antisense complementary peptide
(amino acids 87-172, Fig. 1) of PR3. Antibodies to this comple-
mentary PR3 could, through idiotype-anti-idiotype response,
induce antibodies to the idiotype of anti-complementary PR3
antibodies. These anti-idiotypic antibodies were shown to cross-
react with PR3 and could thus be considered autoantibodies [29].
Parts of the complementary PR3 sequence were also present in
microbial antigens, suggesting that molecular mimicry is also an
important pathogenic mechanism in AAV. Therefore, in AAV
epitope spreading and molecular mimicry also seem important
pathogenic mechanisms.

CLUES FOR DIFFERENCES IN EPITOPES
RECOGNIZED BY ANCA

Several functional characteristics of PR3- as well as MPO-
ANCA have been described. Changes in functional characteris-
tics of ANCA occur upon disease progression and may indicate
that different epitopes are recognized by ANCA. PR3-ANCA
can interfere with the proteolytic activity of PR3 [30-32] and with
the binding of PR3 to its physiological inhibitor odl-antitrypsin
(01-AT) [30-33]. Interestingly, disease activity in WG appeared to
be related closely to these interfering capacities of PR3-ANCA.
Disease activity in WG was related even more closely to these
capacities of PR3-ANCA than the titre of these antibodies [31-
33]. This, indeed, may indicate that changes in functionality of
ANCA during the course of the disease are the result from
changes in epitope specificity. PR3-ANCA of most patients dur-
ing an active phase of WG interfere with the enzymatic activity of
PR3 and with PR3/a1-AT complexation, suggesting that PR3-
ANCA bind common epitopes which are, at least initially, linked
to the active site of PR3.

In contrast to PR3-ANCA, MPO-ANCA do not interfere
with the enzymatic activity of MPO [34-37]. Nevertheless, a sim-
ilar interference to that seen for PR3-ANCA and o1-AT has been
reported for MPO-ANCA and its complexation with ceruloplas-
min, the physiological inhibitor of MPO [36,38]. MPO-ANCA of
patients with MPA interfered with the inhibition of MPO by
ceruloplasmin, while MPO-ANCA of patients with WG pro-
duced a much less marked effect [36]. This may reflect differences
in epitope specificity between both clinical conditions associated
with the same antibody. The majority of MPO-ANCA of MPA
patients did not inhibit the enzymatic activity of MPO, suggesting
that a major epitope may be close to but not involving the active
site.

The aforementioned findings suggest that differences in
pathogenic potential of ANCA and differences in disease expres-
sion are related to differences in epitope specificity of the
antibodies.

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 137:451-459
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Fig. 1. The protein structure of PR3. (a) The amino acids, H*, D*' and S" forming the catalytic triad are indicated with arrows and the
two glycosylation sites on N'* and N'* are indicated with lines [74]. SS indicates disulphide bridges. Bars below the protein indicate the
location of identified epitopes recognized by PR3—-ANCA. (b) Amino acid sequence of PR3 with areas that are surface exposed and have
been identified as epitopes recognized by PR3-ANCA from patients with WG. Shown in bold, epitopes identified by Williams ez al. [45];
italic epitopes were identified by van der Geld et al. [47]; underlined epitopes were identified by Griffith ez al. [46]. In the grey boxes are
the amino acids forming the catalytic triad of PR3. In white boxes are the pro- en C-terminal sequence. These sequences are removed upon
processing of PR3 to a mature proteolytically active protein. Also in boxes are the two polymorphisms described in the PR3 sequence [74—
76]. Arrows indicate the start and end of the sequence corresponding to the complementary peptide of PR3 [29].

EPITOPES RECOGNIZED BY PR3-ANCA

PR3 is a serine proteinase of 29-32 kDa [39,40]. It is a highly
folded protein with four disulphide bridges keeping its 3D struc-
ture intact [41]. PR3 is processed into a mature form consisting
of 222 amino acids [42,43]. First, the N-terminal propeptide of
two amino acids of PR3 is removed. After removal of the
propeptide the substrate-binding pocket becomes accessible and
PR3 becomes potentially enzymatically active. A seven amino
acids C-terminal extension is removed during processing of PR3
(Fig. 1a).

Over the last 10 years several attempts have been made to
characterize the interactions between ANCA and PR3. Elucida-
tion of the epitopes on PR3 recognized by PR3—-ANCA has been
hampered by the fact that the majority of PR3-ANCA recognize
conformational epitopes [44]. Antibody binding is abrogated by
exposure of PR3 to low pH or by reducing its disulphide bonds,
and was either lost or diminished considerably after boiling of
PR3 in SDS [35,44]. Conformational requirements of PR3 in
order to be recognized by PR3-ANCA are supported further by

the observation that PR3-~ANCA showed no binding to in vitro
translated PR3 [44].

Despite the apparent requirement for an intact tertiary struc-
ture, there have been four reports of PR3-ANCA binding to lin-
ear peptides [35,45-47]. Sera from patients with WG were shown
to react with some of these peptides in enzyme-linked immun-
osorbent assay (ELISA) systems [45-47], but in three of the stud-
ies the same peptides were also recognized by control sera,
although to a lesser extent [35,45,47].

In 1994 Williams et al. [45] identified several antigenic sites on
PR3 which seemed to be exposed at the outside of the molecule.
Some of these regions are close to the active site of PR3; one
epitope even included part of the catalytic triad of PR3 (Fig. 1b).
Using the same test system, Chang et al. could not reproduce their
results because of a high level of non-specific binding [35]. In
another study using linear peptides covering the entire sequence
of PR3, including the signal- and propeptide, four epitope areas
were identified that were recognized preferentially by WG sera
drawn at initial presentation of disease compared to control sera
[47] (Fig. 1b). Two of these epitope areas were located near the

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 137:451-459



454 Y. M. van der Geld, C. A. Stegeman & C. G. M. Kallenberg

active centre of PR3. No epitopes were detected at the C-termi-
nus of PR3 nor in the signal- or propeptide. Finally, Griffith er al.
[46] identified five regions on PR3 that were bound by PR3-
ANCA (Fig. 1b), four of which were intimately linked with the
catalytic site.

The results of the studies discussed above seem inconclusive,
as different regions have been identified as epitopes recognized
by PR3-ANCA, but some overlap is seen clearly (summarized in
Fig. 1b). None the less, the determined regions are still large and
one cannot pinpoint amino acid stretches most important for the
recognition of PR3 by PR3-ANCA. As mentioned previously,
autoimmunity to PR3 could be initiated through an immune
response against the antisense complementary peptide (amino
acids 87-172, Fig. 1) of PR3 [29]. Only two areas on PR3 identi-
fied as epitopes bound by PR3-ANCA from patients at their
initial presentation are located in the sequence of PR3 corre-
sponding to the complementary peptide of PR3, implying that the
antibody response to complementary PR3 cannot account for the
induction of all antibodies to PR3.

Recently, recombinant chimeric molecules of human leuco-
cyte elastase and human PR3 and of human PR3 and murine PR3
were generated. Sera from patients with WG with renal involve-
ment drawn at the time of diagnosis bound to different constructs
[48]. Also in this study, patients with WG at the time of diagnosis
varied in their repertoire of epitopes bound by PR3-ANCA.

Competition studies of PR3-ANCA with monoclonal anti-
bodies to PR3 indicate further that PR3-ANCA from patients
with WG are directed against a restricted number of different
epitopes on PR3 [46,49,50]. Also, in cross-inhibition studies of
PR3-ANCA from different patients using biosensor technology,
PR3-ANCA from vasculitis patients in their first presentation
recognized a limited number of overlapping regions on PR3
[46,51]. This area might cover an immunodominant epitope com-
mon for PR3—-ANCA from all patients at their initial presentation
of WG.

All the studies on epitope mapping were performed on native
PR3, as up to 40% of PR3—ANCA sera failed to recognize recom-
binant PR3 [52]. None the less, production of recombinant PR3 in
different expression systems and cell lines has also provided more
insight into the significance of the various intracellular processing
steps of PR3 for recognition by PR3-ANCA [43,52-57]. The N-
terminal proform of PR3 is not recognized by all PR3-ANCA
[58]. Structural changes resulting from carboxy-terminal process-
ing [59] and glycosylation of PR3 [60] appear less relevant for the
recognition of PR3 by PR3-ANCA. Personal observations sug-
gest that PR3—-ANCA recognize epitopes on human PR3 which
are absent on rat or murine PR3.

From the above-mentioned studies on epitope mapping of
PR3-ANCA, it can be concluded that PR3-ANCA from patients
with WG, especially in their first presentation, recognize a
restricted number of immunodominant epitopes. None of the
identified epitopes are located in the signal peptide nor in the C-
terminal peptide of PR3. Two of the epitopes are located near the
active site residues histidine and serine of PR3 and binding of
these epitopes by PR3-ANCA will have functional consequences
for the molecule. PR3-ANCA mainly recognize conformation-
dependent epitopes on PR3, but some linear epitopes are bound
as well. In Fig. 2 the position of the identified epitopes on PR3 are
shown in the 3D structure. The different epitope areas identified
on PR3 probably form one or two discontinuous epitopes, as
some of these areas are located close to each other in the 3D

structure of PR3. These epitopes might be the initial epitopes rec-
ognized by PR3-ANCA and are, possibly, cross-reactive with an
epitope present on microbial antigens or with another source of
antigen such as complementary protein fragments. However,
whether these epitopes are disease-inducing has to be investi-
gated further.

EPITOPES RECOGNIZED BY MPO-ANCA

MPO is a 140-150 kDa dimer composed of subunits consisting of
one heavy chain (59 kDa) and one light chain (13-5 kDa) and car-
ries two identical prosthetic haem groups. The two heavy chains
are joined by a disulphide link. MPO is synthesized as a 89 kDa
precursor which undergoes subsequent processing via intermedi-
ate forms to yield mature subunits [61] (Fig. 3a).

Also for MPO, although to a lesser extent than for PR3,
attempts have been made to clarify the interactions between
ANCA and the molecule. Twelve years ago it was suggested that
MPO-ANCA react mainly with conformational epitopes, as the
recognition of MPO by MPO-ANCA seemed resistant to mild
denaturation via SDS or reduction, but was destroyed by thermal
denaturation [34,35]. In addition, MPO-ANCA did not bind to
overlapping linear peptides covering the sequence of MPO [35].

Despite the suggested requirement for an intact tertiary struc-
ture, there are reports on epitope mapping of MPO-ANCA using
recombinant deletion mutants of MPO [62,63]. Most MPO-
ANCA reacted with up to three epitope regions on the heavy
chain part of MPO while none of the MPO-ANCA reacted with
the light chain (Fig.3b). After grouping MPO-ANCA from
patients in two groups, one group that recognized one or two
epitope regions and another group that recognized all three
regions, the relapse rate of patients with MPO-ANCA from the
first group was significantly higher than that of patients with
MPO-ANCA from the latter group [63]. Therefore, MPO-
ANCA restricted to one or two major epitope regions may be
associated with a worse prognosis than those recognizing three
major epitope regions.

Competition studies of MPO-ANCA with monoclonal anti-
bodies to MPO indicate further that MPO-ANCA are directed
against a restricted number of epitopes on MPO [64]. In contrast,
cross-inhibition studies using MPO-ANCA from different
patients using biosensor technology showed that MPO-ANCA
recognize an immunodominant epitope on the surface of MPO
[65]. However, this study was performed using recombinant
MPO, while 30% of MPO-ANCA sera failed to recognize recom-
binant MPO [64]. The importance of antigen source has been
highlighted recently, as it was suggested that MPO-ANCA rec-
ognize epitopes on human MPO which are absent on rat MPO
[66].

From the above-mentioned studies on epitope mapping of
MPO-ANCA it can be concluded that MPO-ANCA recognize a
restricted number of epitopes on MPO that are located on the
heavy chain of MPO. Whether these epitopes are recognized only
in the initial stage of the disease was not investigated.

EPITOPE CHANGES DURING THE COURSE OF
DISEASE

The functional characteristics of PR3-ANCA differ between
quiescent and active disease [31-33], suggesting that epitopes
recognized by these autoantibodies change over time. Several

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 137:451-459
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Fig. 2. Epitopes bound by PR3-ANCA in a three-dimensional model of PR3. Three-dimensional model of PR3 according to the coordi-
nates provided by Fujinaga ef al. [41]. Amino acids are numbered in agreement with the PR3 sequence published by Campanelli ef al. [76].
a-Helixes are shown in coiles and the B sheets are shown as arrows. The amino acids His44, Asp91 and Ser176 form the catalytic triad of
PR3. Epitope regions of Fig. 1b are given; first epitopic region (dots), second region (stripes), third region (stripe-dot strip), fourth region

(long lines) and fifth region (heavy line).

studies, especially on PR3-ANCA, demonstrate that epitopes
recognized by ANCA change during the course of the
disease.

Within individual patients, cross-inhibition studies of PR3-
ANCA at the moment of diagnosis and during the most recent
relapse were performed using biosensor technology. These studies
showed changes in epitopes recognized by PR3-ANCA between
the moment of disease presentation and the moment of the most
recent relapse. Interestingly, in two patients an epitope spreading
was observed during the course of the disease, whereas in the
other patients a narrowing of epitopes was seen in time [51]. In
another study, in one patient an epitope spreading was also seen
upon remission [46]. Furthermore, as mentioned previously, the
N-terminal proform of PR3 is not recognized by all PR3-ANCA
[58]. Nevertheless, PR3-ANCA that do recognize the proform
and the mature form of PR3 (85% of all PR3-ANCA) correlate
better with disease activity of WG than PR3-ANCA that bind
mature PR3 only [67]. This also indicates that there are changes in
epitopes recognized by PR3—-ANCA during the course of the dis-
ease.

Only one report studied changes in epitope specificity of
MPO-ANCA during the course of MPA. In one patient with
MPO-ANCA-associated vasculitis an epitope shift was seen
between sequential relapses [68].

Changes in epitope specificity of PR3-ANCA and/or MPO-
ANCA appear to occur during the course of the disease. As
ANCA are supposed to be pathogenic in vivo, epitope spreading
in patients with AAV following remission may have resulted in a
change in their pathogenicity. In contrast to SLE, where B cell
specificity originates from one epitope and spreads to other areas
on the same and even to different autoantigens [22-25], epitope
spreading for PR3-ANCA and/or MPO-ANCA in AAV was
observed only within PR3 or MPO, respectively. Epitope spread-
ing in one autoantigen as seen for AAV during the course of the
disease seems to be a common phenomenon in autoimmune dis-
ease. This leaves open the question of whether one particular
epitope of PR3 or MPO induces an immune response that induces
the disease.

IS THERE A DISEASE-INDUCING EPITOPE?

PR3-ANCA of most WG patients during the active phase of the
disease interfere with the enzymatic activity of PR3 and with PR3/
al-AT complexation. Could this enzyme-inhibiting epitope rec-
ognized by PR3-ANCA constitute a disease-inducing epitope or
a relapse-inducing epitope?

Interestingly, PR3-ANCA present in remission still inhibit
the proteolytic activity of PR3 and are, in fact, more effective in

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 137:451-459
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one heavy and one light chain. Each half contains a haem group. The active site, histidine 416, is indicated. The five potential glycosylation
sites are indicated with an arrow. (b) Amino acid sequence of MPO [77] with three areas (bold) that have been identified by Fuji et al. [63]

as epitopes recognized by MPO-ANCA from patients with MPA.
histidine important for the enzymatic activity of MPO.

doing so than ANCA obtained from patients with active disease,
as the relative capacity of PR3—-ANCA to interfere with the pro-
teolytic activity of PR3 was higher for patients during remission
[32]. Upon remission, those patients that remain ANCA-positive
still have enzyme-inhibiting PR3-ANCA in their serum. This sug-
gests that these enzyme-inhibiting antibodies do not add substan-
tially to the pathogenicity of ANCA in AAV. Indeed, antibodies
that inhibit the enzymatic activity of PR3 may act as alternative
inhibitors, preventing PR3-induced degradation of extracellular
matrix proteins [69]. In vitro PR3 can cleave ANCA [70], dis-
agreeing with the action of ANCA as alternative inhibitors of
PR3, but if this digestion of ANCA by PR3 also happens in vivo
at the site of inflammation has not been determined. Taken
together, the particular epitope specificity of PR3—-ANCA that
induces the disease has not yet been elucidated.

For MPO-ANCA-associated vasculitis it was shown that
MPO-ANCA against one or two major epitopes are associated
with more relapses than those recognizing three major epitopes

The overlap between two identified regions is underlined. Grey box: the

[63]. This suggests that a more restricted pattern of recognition is
more relapse-inducing. Until now, the interfering activity of on
the inhibition of MPO by ceruloplasmin has not been correlated
with disease activity of MPO-ANCA-associated vasculitis [36].
The clinical significance of this effect is not clear. As MPO-
ANCA do not interfere with the enzymatic activity of MPO they
might sustain the enzymatic activity of MPO at the site of inflam-
mation by interfering with the inhibition of MPO, leading to
increased MPO-induced endothelial and tissue damage. Further
insight into the role of epitope specificity of MPO-ANCA may be
gained from the recently developed murine model for MPO-
ANCA -associated vasculitis [17].

CONCLUSION

PR3-ANCA as well as MPO-ANCA recognize a restricted set of
epitopes on PR3 and MPO, respectively. In AAV restricted
epitope spreading was observed for PR3- and MPO-ANCA
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within their corresponding autoantigens and no epitope spread-
ing, in contrast to SLE, was observed towards other autoantigens.
Several studies, especially on PR3-ANCA, demonstrate that
epitopes recognized by ANCA change during the course of the
disease, although these changes are not consistent. Whether the
pathogenic role of ANCA may be ascribed to one, or some,
relapse- or disease-inducing epitopes bound by PR3-ANCA and
MPO-ANCA has, as yet, not been elucidated.

Characterization of relapse- or disease-inducing epitopes
bound by PR3-ANCA and MPO-ANCA, although complicated,
is significant for understanding the initiation and reactivation of
AAV. Elucidating a disease-inducing epitope bound by ANCA
may lead to the development of epitope-specific therapeutic strat-
egies, of which successful examples have been described in exper-
imental models for SLE [71-73]. In addition, it may answer the
question of which epitope, possibly mimicking a foreign epitope,
is responsible for triggering the disease in susceptible people.
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