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ABSTRACT

The pathogenesis of ANCA-associated
vasculitis (AAV) is multifactorial and
most likely involves the interaction
of environmental and genetic factors.
During the past few years, a number
of studies have investigated genetic
associations with AAV; earlier stud-
ies explored associations with single
nucleotide polymorphisms (SNPs) at
genes of potential pathogenetic interest
(“candidate gene” studies), whereas
more recent larger studies analysed as-
sociations with SNPs covering ~90% of
the human genome (genome-wide as-
sociation studies — GWAS). The latter
studies have significantly advanced our
understanding of the genetic aspects
of AAV, confirming some previously
reported findings and uncovering new
genetic associations. In addition, these
studies have also shown that different
AAV subtypes such as granulomatosis
with polyangiitis (Wegener’s, GPA) and
microscopic polyangiitis (MPA) are un-
derpinned by distinct genetic risk fac-
tors, with GPA being associated with
HLA-DP, SERPINAI1 (encoding al-
antitrypsin), PRTN3 (encoding protein-
ase-3, PR3, the main GPA-related au-
toantigen) and SEMAGA (semaphorin
6A), whereas MPA has been mainly as-
sociated with HLA-DQ. Interestingly,
in the European GWAS, which included
both GPA and MPA patients, the HLA-
DP, SERPINA1, PRTN3 and HLA-DQ
SNPs were more significantly associated
with ANCA-specificities (PR3 vs. mye-
loperoxidase, MPO) than with the clini-
cal syndromes. In addition, the finding
of GPA and PR3-positive subsets being
associated with SNPs of genes encod-
ing PR3 and al-antitrypsin, a protease
able to inactivate PR3, highlighted the
central role of PR3 as an auto-antigen
in AAV. This paper reviews the main ge-
netic association studies in AAV, with
particular emphasis on the two GWAS
performed so far.
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Introduction

Anti-neutrophil cytoplasmic antibodies
(ANCA)-associated vasculitis (AAV) is
a group of small-vessel vasculitides in-
cluding granulomatosis with polyangii-
tis (GPA, formerly Wegener’s granu-
lomatosis), microscopic polyangiitis
(MPA) and eosinophilic granulomato-
sis with polyangiitis (EGPA, formerly
Churg Strauss syndrome) (1). AAV has
been historically classified according to
the clinical phenotype. GPA and MPA
are characterised by the presence of
vasculitic manifestations, namely glo-
merulonephritis, alveolar haemorrhage,
purpura and peripheral neuropathy. EG-
PA’s main clinical features are eosino-
philia, necrotising vasculitis and eosin-
ophil-rich granulomatous inflammation
(2, 3). Granulomatous involvement of
ear, nose, throat (ENT) and lungs is a
typical feature of GPA and may some-
times be the only manifestation (1).
Whether or not the clinical syndromes
making up AAV should be considered
different ends of the same disease spec-
trum, or should be regarded as distinct
diseases, is still debated. Moreover,
the role of ANCA in the classification
is still not completely clear. GPA and
MPA are characterised by ANCA posi-
tivity in around 90% of patients; ANCA
specificity by ELISA testing may be
directed against neutrophil proteinase
3 (PR3 ANCA) or neutrophil myelop-
eroxidase (MPO ANCA) (4). Although
GPA is more frequently PR3 ANCA-
positive and MPA more often MPO
ANCA-positive, a significant overlap
does exist. For this reason, ANCA posi-
tivity, but not ANCA specificity, has
been included in the latest classification
criteria although PR3 and MPO speci-
ficity should not be used as surrogate
diagnostic tools for the classification of
AAV in GPA or MPA (5). In EGPA the
proportion of ANCA-positive patients
is around 40% with MPO ANCA more
often represented (2, 4).
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In terms of disease severity, AAV may
range from life- or organ-threatening
conditions to milder forms; however,
regardless of their severity, a chronic-
relapsing course is common resulting
in the necessity for repeat immuno-
suppressive treatments and therefore a
high burden of treatment-related dam-
age (6,7).

The pathogenesis of AAV is still de-
bated. Infective triggers facilitating
neutrophil activation may play a key
role leading to the migration of cyto-
plasmic PR3 and MPO antigens to the
neutrophil surface, where they become
accessible targets for ANCAs. B cells
also play a central role, not only be-
ing the precursors of ANCA-producing
plasma cells and plasmablasts, but also
through their interaction with the T cell
compartment, ultimately leading to the
development and activation of the T ef-
fector memory (Tg,,) cells. Activated
neutrophils coated by ANCAs and Ty,
cells are ultimately responsible for the
inflammatory vasculitic process (8).
Complement activation seems to play
an important role locally in the devel-
opment of the inflammatory process,
although C3 and C4 blood levels are
often normal (9).

The report of, albeit rare, familial cases
of AAV has drawn attention to the role
of genetic factors in the pathogenesis
of AAV (10, 11). The identification of
genetic associations for AAV would al-
low not only a better understanding of
the disease pathogenesis and risk fac-
tors, but also a clearer classification
with a potential impact on the clinical
management of the disease.

Genetic research in AAV has mainly
focused on association studies between
single nucleotide  polymorphisms
(SNPs) and the risk of developing dis-
ease. The two main tools used for this
purpose are genome-wide association
studies (GWAS) or candidate gene
studies. GWASs routinely assay SNPs
tagging 90% of the human genome; in
order to avoid spurious associations
a very high level of statistical signifi-
cance (p<5 x 10®) is required a sig-
nificant association with disease. Such
studies need large numbers of cases
and controls to avoid missing potential
associations due to underpowered co-
horts and generally, in the field of rare
diseases, this requires a multicentre ap-
proach. On the other hand, candidate
gene approaches explore the possible
association with disease of a few genes

Table I. Comparison of the main characteristics of the Genome-Wide Association Studies
(GWAS) performed by the European Vasculitis Genetic Consortium (EVGC) (12) and the
Vasculitis Clinical Research Consortium (VCRC) (13).

EVGC (12)

VCRC (13)

Study subjects GPA and MPA

Discovery cohort

Replication cohort

Combined cohort

1,233 case patients, 5,884 controls

1,454 case patients, 1,666 controls

2,687 case patients, 6,858 controls

GPA

459 GPA patients, 1,503 controls
(study stage 1)

First independent replication (study

stage 2a): 291 GPA patients, 371 controls;
Second independent replication (study
stage 2b): 528 patients, 1,228 controls.

Combined analysis of data from stage 1
and 2a: 750 patients, 1,820 controls;
Combined analysis of data from stage 1
and 2b: 987 patients, 2,731 controls

at most, usually highlighted by earlier
studies or because they are considered
of potential biological interest. Regard-
less of the approach taken initially, rep-
lication of the association in an inde-
pendent cohort of patients is essential
to ensure the finding is robust.

We will review in this paper the main
genetic association studies in AAV,
with particular emphasis on the two
GWAS performed so far and the more
robust candidate gene studies.

Genome-wide association studies

in AAV

Two GWAS have been performed in
AAV (12, 13). The first was run in Eu-
rope by the European Vasculitis Ge-
netic Consortium (EVGC) (12) and
involved 2,687 Caucasian GPA and
MPA patients, while the second was
performed on 1,020 American GPA pa-
tients of European descent by the Vas-
culitis Clinical Research Consortium
(VCRCO); the main characteristics of
these two studies, including eligibility
criteria and samples sizes, are summa-
rised in Table I. No GWAS has been
conducted to date in EGPA.

The EVGC GWAS (12) reported asso-
ciations with AAV at three loci (HLA
DPBI, SERPINA 1 and PRTN3) that
reached genome-wide significance.
The finding of HLA DPB]I being a pre-
disposing factor was not surprising,
as it confirmed one of the most robust
findings of previous candidate gene
studies (14). The other two associa-
tions highlight the potential role of the
auto-antigen PR3, which is encoded by
the gene PRTN3, and of the locus SER-
PINAI which encodes al-antitrypsin,
a protease inhibitor. The study popula-
tion was also re-analysed after stratifi-
cation for diagnosis and antibody spec-
ificity and PR3 ANCA positivity was
found to be the strongest factor asso-

ANCA status Positive ANCA* Any ciated with these SNPs. Interestingly,
Main findings Main associations with GPA SEMAGA and HLA loci (HLA-DPBI and ana_ly sis of the MPO ANCA-positive
were found with HLA-DPBI, HLA-DPAI). patients alone revealed a further asso-

with SERPINAI locus and the
proteinase 3 gene (PRTN3).
These associations were more
evident with the antibody subtype
(anti-PR3 vs. anti-MPO) than
with the clinical syndromes.

Additionally, significant associations
were identified between single-nucleotide
polymorphic (SNP) marker across the
HLA region and C-ANCA-positive GPA.

ciation with the HLA DQ locus that had
been masked during the initial analysis.
The pivotal role of the MHC in the
pathogenesis of AAV was confirmed
in the VCRC GWAS (13), which also
identified an association with the HLA
DPBI and HLA DPAI loci. In addition

*ANCA-positivity was either with ELISA (anti-PR3 or -MPO) or with Immunofluorescence.
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this study also reported a non-MHC as-
sociation at the SEMAGA locus, which
encodes semaphorin 6A. As was the
case with the EVGC GWAS, these as-
sociations were strongest in the PR3
ANCA-positive patients (Table II).

The first conclusion that can be drawn
from these two studies is that, since the
genetic associations are stronger with
ANCA specificities rather than clini-
cal syndrome, AAV patients would be
better classified on the basis of their
ANCA specificity: it was therefore
provokingly proposed to separate AAV
into PR3- and MPO-positive poly-
angiitis. This distinction already has a
well-recognised clinical base, as PR3-
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and MPO-associated vasculitis often
occur in patient populations that differ
on the basis of their age at presentation,
cardiovascular risk and relapse rates
(4). Moreover, the confirmation of the
MHC system as a risk factor, together
with the auto-antigen PR3 and its main
inhibitor al-antitrypsin, confirmed the
centrality of auto-reactivity in the de-
velopment of AAV. Further studies are
required to better clarify the role of
semaphorin 6A in AAV pathogenesis.

One interesting question that still needs
to be addressed is why, although the ge-
netic background differs between PR3
and MPO AAV, the clinical phenotypes
significantly overlap. One hypothesis is

that the ANCA, once developed, may
generate inflammation through similar
mechanisms (15, 16) and that currently
unrecognised shared genetic associa-
tions, environmental factors and chron-
ic infections may contribute significant-
ly to the final clinical phenotype.

The two GWAS performed to date have
therefore contributed massively to our
understanding of AAV pathogenesis
and classification. The next step will be
to perform separate, properly powered
GWAS studies in PR3- and MPO-posi-
tive vasculitis, in order to uncover addi-
tional novel unique and shared genetic
associations. A GWAS in EGPA is also
warranted.

Table II. Main genetic associations with Granulomatosis with Polyangiitis (Wegener’s), C-ANCA or PR3-ANCA vasculitis shown by the
Genome-Wide Association Studies (GWAS) performed by the European Vasculitis Genetic Consortium (EVGC) (12) and the Vasculitis

Clinical Research Consortium (VCRC) (13).

A) EVGC GWAS: associations of MHC and Non-MHC Loci with GPA

Combined analysis
(patients, n=1,683; controls, n=6.,858)

Gene Chromosome SNP Location, bp Nucleotide change p-value OR
HLA-DPBI 6 rs3117242 31177871 A>G 539x 10% 539
SERPINAI 14 rs7151526 93933389 A>C 44x101° 0.54
PRTN3 19 rs62132295 840448 G>A 2.6x 107 0.78

B) EVGC GWAS: associations of MHC and non-MHC Loci with Proteinase 3-positive GPA

GPA Proteinase 3 vs. controls
(patients, n=1,433; controls, n=6,858)

Gene Chromosome SNP Location, bp Nucleotide change p-value OR
HLA-DPBI 6 rs3117242 31177871 A>G 3.7x 10% 7.51
SERPINAI 14 rs7151526 93933389 A>C 1.2x 1010 0.52
PRTN3 19 rs62132295 840448 G>A 39x 107 0.73

C) VCRC GWAS: associations of MHC and Non-MHC Loci with GPA

Combined analysis
(patients, n=750; controls, n=1,820)

Gene Chromosome SNP Location, bp Nucleotide change p-value OR
HLA-DPBI 6 189277554 33163516 T>C 1.92 x 10 0.24
HLA-DPAI 6 1s9277341 33147603 C>T 2.18 x 10% 0.33
Combined analysis
(patients, n=987; controls, n=2,731)
Gene Chromosome SNP Location, bp Nucleotide change p-value OR
SEMAGA 5 1526595 115787389 C>T 2.09 x108 0.74

D) VCRC GWAS: associations of MHC Loci with c-ANCA-positive GPA

c-ANCA-positive patients vs. controls
(patients, n=578; controls, n=1,820)

Gene Chromosome SNP Location, bp Nucleotide change p-value OR
HLA-DPBI 6 1s9277554 33163516 T>C 4.7 x 10 0.16
HLA-DPAI 6 1s9277341 33147603 C>T 2.30 x 10+ 0.27
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Candidate gene studies

AAV is arare disease, with an incidence
of approximately 12-18 cases/million
people/year, and therefore the collec-
tion of very large cohorts has proved
challenging and historically most stud-
ies used a more focussed candidate gene
approach. In the following paragraphs
we will discuss the more interesting
results of these candidate gene studies.
Table III reports a detailed summary of
their reported associations.

Associations with the MHC

The MHC has been found to be associ-
ated with several autoimmune diseases
(57, 58). The hypothesis of an autoim-
mune pathogenesis for AAV, together
with previously documented associa-
tions (17, 19, 46), drove attention to the
role of the MHC as a potential predis-
posing factor to AAV. The HLA region
is encoded on chromosome 6p21-31
and contains more than 200 genes di-
vided in three classes: HLA class I (A,
B, C), class II (DR, DQ and DP) and
class ITI (59). This is an extremely poly-
morphic area and its study is quite com-
plex due to the presence of strong link-
age disequilibrium across the region.

A study in a cohort of 150 Northern
German patients with GPA reported as-
sociation with the HLA DP locus. Fine
mapping showed that the DPBI*0401
allele is strongly associated with the
risk of developing the disease with the
extended DPBI*0401/RXRB03 hap-
lotype found to be even more signifi-
cantly associated (p=7.13x10""7, odds
ratio (OR) 6.41) (14). This finding was
then replicated in 282 German patients
and, interestingly, the association was
more striking when the analysis was
restricted to the ANCA-positive sub-
group (p=1.26x102?). In addition, a fur-
ther potential association was found in
the proximity of RINGI, a transcription
modulator involved in the repression of
autoimmunity in mice (18).

In a Dutch cohort of 304 patients with
AAV, low-resolution genotyping docu-
mented HLA-DR4 as risk factor for
AAVs in general (OR 1.7, p<0.0001)
and for GPA in particular (20). Two
recent and relatively small studies
showed association of AAV with HLA-
DRBI in African American (47) and

Chinese (21) populations; interestingly,
a different genetic background emerged
for the PR3 ANCA-positive subgroup
in both studies.

In both MPO-positive vasculitis and
EGPA, association studies have been
strongly limited by the rarity of these
diseases and consequently the small co-
horts studied. In 50 MPO positive Japa-
nese patients, an association with HLA-
DRBI*0901-HLA DQBI*0303 was
found, thus replicating, in a cohort of
different ethnicity, the same HLA asso-
ciation shown in the EVGC GWAS (12,
39, 60). An Italian study of 48 EGPA
patients showed an association with
HLA DRB4 (42), which was confirmed
in a subsequent study of 102 German
patients (43). Interestingly, the Italian
study showed that HLA-DRB4 was par-
ticularly enriched in patients with “vas-
culitic” manifestations of EGPA, such
as glomerulonephritis, mononeuritis
multiplex, and purpura.

Non-MHC associations

Candidate gene studies have also al-
lowed the identification of non-MHC
genes potentially involved in the patho-
genesis of AAV. Genetic associations,
not reaching genome-wide significance,
have been proposed for the protein ty-
rosine phosphatase N22 (PTPN22) and
for the cytotoxic T-lymphocyte antigen
4 (CTLA-4); less strong but intriguing
evidence has been recently provided for
toll like receptor 9 (TLR9).

The PTPN22 gene is located on chro-
mosome 1p13.2; the encoded protein
(LYP) influences the threshold of ac-
tivation of the T cell receptor but is
also involved in B cell activation (61).
PTPNZ22 has been found to be associ-
ated with several autoimmune diseases,
including type 1 diabetes (62-64). The
proposed mechanism of action is that
an alteration of the interaction of LYP
with a protein kinase involved in T cell
receptor activation leads to abnormal
CD4 T, function and increased humor-
al activity (65). Interestingly, mice with
PTPN?22 knocked-out contain increased
numbers of germinal centres and high-
er IgG levels (66). The central role of
ANCA and of the B cell compartment
in AAV (8) suggested a possible role
for PTPN22 also in GPA. In a cohort of
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199 German patients the 620W variant
at the 152476601 SNP was significantly
increased in GPA (OR 1.75, p=0.002),
with a stronger association documented
in the ANCA-positive subgroup (OR
2.01, p=0.0002) (36). This finding was
confirmed in an independent cohort of
641 British GPA and MPA patients (53)
and 344 Italian AAV cases (37). The lat-
ter study interrogated for the first time
the association of PTPN22 with EGPA
with negative findings (p=0.1508),
further underlying a different genetic
background for EGPA (37).

The CTLA4 gene is located on chromo-
some 2q33. CTLA4 is a protein whose
function is still not completely clear.
It is proposed to act as a T cell inhibi-
tor, competing with the co-stimulatory
protein CD28 for the binding of CD80/
CD86. However, its mechanism of ac-
tion is probably more complex, involv-
ing pathways not yet completely un-
derstood. Several studies, including a
meta-analysis, showed associations at
different CTLA4 SNPs with AAV (29,
52,53,67,68)suggesting a role for this
molecule in AAV pathogenesis. Inter-
estingly CTLA4 has also been explored
as potential therapeutic target in a pilot
trial of patients with non-severe GPA
treated with abatacept, a monoclonal
antibody including the binding region
of CTLA4, with good results in terms
of safety and disease response (69).
Arecent large association study focused
on TLR9 in AAV. The toll like receptor
family is a group of proteins that rec-
ognise microbiological structures and
activate the innate immune response.
TLRs are usually over-expressed during
infections and provide a potential link
between infections and the pathogen-
esis and development of AAV. TLR9
stimulation in ex-vivo neutrophils was
associated with increased MPO release
and PR3 surface expression; moreover,
degranulation was induced after stimu-
lation with PR3-ANCA in neutrophils
primed by TLRO ligand. These findings
did not differ between neutrophils of a
small cohort of patients with AAV and
controls suggesting that this could be
expression of a physiological mecha-
nism not necessarily over represented
in AAV, nevertheless this pathway
might be involved in the development
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Table III. Main association studies between ANCA-associated vasculitis and HLA and non-HLA genes. (AAVs, ANCA-associated vascu-
litis; GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis; EGPA, eosinophilic granulomatosis with polyangiitis; RLV,
renal-limited vasculitis; OR, odds ratio).

Genetic associations with GPA

Gene Population origin Cases p-value OR Ref. (Year)
HLA-B50 North American, Caucasian 83 GPA <0.0001 49 (17) (1995)
HLA-DPB1*0401 Germany 150 GPA <1x10? 39 (14) (2004)
HLA DPB1*0401 Germany 282 GPA <1x107 (18) (2008)
HLA-DR1 UK 27 GPA <0.001 2.3 (19) (1992)
HLA-DRI The Netherlands 241 GPA (+30 MPA and 12 EGPA and 21 RLV) <0.05 0.6 (20) (2009)
HLA-DR4 The Netherlands 241 GPA (+30 MPA and 12 EGPA and 21 RLV)  <0.0001 1.7 (20) (2009)
HLA-DR6 The Netherlands 241 GPA (+30 MPA and 12 EGPA and 21 RLV)  <0.0001 04 (20) (2009)
HLA-DR9 North American, Caucasian 76 GPA <0.01 4 (17) (1995)
HLA-DR13 (6) The Netherlands 241 GPA (+30 MPA and 12 EGPA and 21 RLV)  <0.0001 03 (20) (2009)
HLA-DRB1%#1202 China 45 GPA <0.05 (21) (2011)
AAT Z allele Sweden 66 GPA <0.0001 6 (22) (1994)
AAT Z allele Scandinavia 44 GPA <0.001 (23) (1996)
AAT Z allele Germany 79 GPA <0.0001 38 (24) (2001)
AAT Z allele Caucasian 723 GPA (+133 MPA) <0.0001 2.54 (25) (2011)
C3F Sweden 34 GPA (+33 MPA) <0.05 0.52 (26) (1999)
CD226 1s 763361 Germany 642 GPA <0.05 1.2 (27) (2009)
CDK6 Germany 664 GPA <0.05 1.21 (28) (2010)
CTLA 4-318T Sweden 32 GPA <0.05 3.26 (29) (2002)
IL-10 microsatellite Sweden 32 GPA <0.01 7.94 (30) (2002)
IL-10 (-1082) AA genotype Germany 125 GPA <0.05 03 (31) (2003)
FCGR2A R131 RR genotype The Netherlands 91 GPA <0.01 4.6 (32) (1999)
and FCGR3A F158 FF
FCGR3B low copy number France 84 GPA <0.001 (33) (2007)
FCGR3B low copy number UK 80 GPA <0.01 (34) (2007)
LEPR rs8179183 C/G (Lys 656 Asn) Germany and UK 789 GPA (+88 MPA and 196 EGPA) <0.01 0.72 (34) (2010)
PRTN3-564G Germany 66 GPA <0.01 0.5 (35) (2000)
PTPN22-620W Germany 199 GPA <0.01 1.8 (36) (2005)
PTPN22-R620W Italy 143 GPA (+102 MPA and 99 EGPA) <0.01 191 (37) (2012)
TLR9 Germany UK and 919 GPA (+153 MPA and 217 EGPA) <0.01 1.27 (38) (2013)
The Netherlands
TNFAIP3 Germany 664 GPA <0.05 0.83 (28) (2010)
Genetic associations with MPA
HLA-DRBI1*1101 China 107 MPA <0.05 (21) (2011)
HLA-DRB1*#0901 Japan 96 MPA <0.01 1.90 (39) (2013)
FCGR3B low copy number UK 76 MPA <0.001 (33) (2007)
IL-10 (-1082) AA genotype Germany 36 MPA <0.001 0.3 (31) (2003)
IRF 5 Japan 177 MPA <0.05 1.27 (40)(2013)
LILRA2 intron 6 AA genotype Japan 50 MPA <0.05 2.52 (41) (2008)
TLRY9 Germany ,UK 153 MPA (+919 GPA and 217 EGPA) <0.01 0.44 (38) (2013)
and The Netherlands
Genetic associations with EGPA
HLA-DRB3 Italy 48 EGPA <0.05 0.54 (42) (2007)
HLA-DRB3 Germany 102 EGPA <0.01 0.61 (43) (2008)
HLA-DRB4 Ttaly 48 EGPA <1x103 249 (42) (2007)
HLA-DRB4 Germany 102 EGPA <1x10? 1.87 (43) (2008)
IL-10 haplotype Germany 103 EGPA <0.001 2.16 (44) (2008)
Genetic associations with multiple AAVs subtypes
HLA-DPB1*0402 China 152 (44 GPA 94 MPA 14 RLV) <0.05 (45) (2012)
HLA-DQw7 UK 34 GPA and 25 MPA <0.0025 29 (46) (1992)
HLA-DR3 UK 34 GPA and 25 MPA <0.01 0.31 (46) (1992)
HLA-DRBI1*15 African-American, Caucasian 90 PR3 AAVs (+47 MPO AAVs) <1x10*® 73.3 (47) (2011)
HLA-DRB1*0405 China 152 (44 GPA 94 MPA 14 RLV) <0.05 (45) (2012)
AAT Z allele Austria 29 GPA and 2 MPA and 1 RLV <0.0001 132 (48) (1994)
AAT Z allele Italy 33 GPA and 28 MPA and 23 RLV <0.05 3.7 (49) (1997)
CAV1 Germany and UK 641 GPA and 135 MPA <0.05 1.83 (50) (2013)
CD18 Ava Il Germany 31 MPO AAVs <0.005 2.56 (51) (2000)
CTLA 4 +49G The Netherlands 50 GPA and 24 MPA and 7 EGPA and 21 RLV <0.05 1.32 (52) (2008)
CTLA 4 rs3087243 UK 641 AAVs <0.01 1.19 (53) (2009)
DEFB4 high copy number China 112 AAVs <0.01 1.49 (54) (2012)
FCGR3B high copy number UK 556 AAVs <1x107 (55) (2008)
IL2RA rs41295061 UK 675 AAVs <0.05 0.77 (56) (2009)
PTPN22-620W UK 641 AAVs <1x10? 14 (53) (2009)
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of the disease in predisposed subjects
(70). An association between four TLR9
SNPs and GPA was documented in 863
German patients compared to controls
but was not replicated in 426 Dutch
and British patients possibly due to
lack of power. MPA patients were as-
sociated with the same SNPs but the
proposed risk allele was the opposite of
that found in GPA. No association was
found with EGPA. However, the most
robust and replicated result was the
significant difference in terms of asso-
ciation for the SNP rs352140 between
cases PR3 ANCA-positive compared to
MPO positive (p=0.000016 after com-
bining the two cohorts) (38).

As already discussed above, the T-cell
compartment plays a key role in the
pathogenesis of AAVs. IL2RA encodes
the high affinity IL-2 receptor mainly
represented on the surface of T cells,
whose stimulation is essential for T cell
survival, proliferation and activation.
A weak association of the IL2RA gene
SNPs 1541295061 with AAV has been
described in a cohort of 744 British
patients (p=0.012) (56) but no replica-
tion of this finding has been published
to date.

IL-10 is an anti-inflammatory cytokine
with complex and still not completely
clear functions. Two relatively small
studies identified an association of one
IL-10 SNP and risk of developing GPA
and MPA in 39 and 161 patients (31,
71). A larger report, however, failed to
confirm this association in 403 GPA
cases; the same study documented in
a cohort of 103 EGPA patients an as-
sociation of an /L-10 haplotype with
the ANCA negative subtype of EGPA,
a potentially interesting finding but one
difficult to interpret due to the sample
size and the lack of replication (44).
The CD226 protein is part of the im-
munoglobulin supergene family and is
expressed on several cell types includ-
ing T lymphocytes, NK cells and mono-
cytes. CD226 acts mainly as an adhe-
sion molecule but also regulates leu-
kocyte transmigration and lymphocyte
co-activation. A study performed on
642 German patients showed an asso-
ciation of a CD226 SNP with AAV (OR
1.23, p=0.0031); the same study tried to
replicate the finding in a small cohort of

105 British patients but failed (27). A
further study explored the same SNP in
641 British patients with no significant
association documented (53).

Fc gamma receptors (FcyR) are a fam-
ily of surface proteins that bind the Fc
region of immunoglobulins. FcyRs in-
teract directly with ANCA and therefore
have been investigated as possible risk
factors for the development of AAVs.
These proteins are encoded on chromo-
some 1g23.3 in a region difficult to gen-
otype because of very high variability
as well as the presence of copy number
variation (CNV). FeyRlla - IIIb SNPs
as well as FcyRIIIb CNV have been
proposed as possible risk factors for
AAV, although for the latter conflicting
results have emerged between different
cohorts that can be largely attributed to
different genotyping techniques (33,
55, 72, 73). Further studies relying on
modern genotyping and sequencing
techniques are warranted to clarify the
roles of the FCR variants in AAV.

An association between a SNP in the
leptin receptor gene (LEPR) has been
found in a cohort of 466 German pa-
tients with GPA and confirmed in an
independent cohort of 226 cases. An
analysis of the same SNP in 196 EGPA
patients found an association with the
complementary allele when compared
to GPA (34). Although statistically sig-
nificant, the rationale behind these as-
sociations is still unclear and requires
further investigation.

With the exception of the MHC region,
none of the candidate gene associations
described above reached the statistical
threshold required to report genome-
wide significance or were supported
by the two recently published GWAS.
However, all the studies to date, includ-
ing the two GWAS, have been relative-
ly poorly powered to detect loci with
small effect sizes, an issue exacerbated
by the observation that the observed ge-
netic associations show stronger effects
in patients stratified by ANCA specific-
ity rather than with AAV as a whole. It
is possible therefore that some of the
candidate gene associations described
above will be supported by larger,
more appropriately powered studies or
through meta-analysis with the existing
studies.
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Pathogenetic mechanisms

supported by the genetic evidence
The association of AAV with the MHC
documented in the two GWAS and in
the major candidate gene studies con-
firmed an autoimmune, possibly auto-
antigen driven mechanism, involved
in the development of both PR3 and
MPO AAV. In PR3-AAV a central role
is suggested for the auto antigen PR3
supported by several lines of evidence
published over the years including
studies showing a higher level of mem-
brane bound PR3 in GPA patients (74).
Genetic factors might also impact on
PR3 membrane expression or enzymat-
ic activity but this still needs clarifica-
tion and will be the subject of future
studies. An important role is also pro-
posed for al-antitrypsin, this enzyme
is the major inhibitor of PR3 activity
potentially reducing peripheral tissue
damage. A role of the null Z allele
and risk of AAV, already proposed in
a number of small studies (24, 35, 75),
was confirmed by the EVGC GWAS;
with the association at the SERPINAI
locus documented in this study being
attributable to the Z allele or a SNP in
strong linkage disequilibrium with it
(12). Therefore, predisposed subjects
with a “favourable” PR3 protein and/
or low al-antitrypsin activity might be
at increased risk of developing AAV in
the presence of disease-associated en-
vironmental factors.

In terms of environmental factors, a
central role is played by infections.
Any infective process, and in par-
ticular chronic nasal infection with
Staphylococcus aureus, may cause
disease flares and represents one of
the main causes of disease persistence
and lack of response to treatment in
localised forms of GPA (76). For this
reason, the potential association of
TLR9, which encodes a protein that
promotes neutrophil activation, may
be interesting from the pathogenetic
point of view.

The documented PTPN22 and CTLA4
associations suggest a key role of both
the B and T cell compartments in the
pathogenesis of AAV illustrating the
importance of anti CD20 and anti-T
lymphocyte treatments for AAV (8, 69,
77).
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Future perspective

The evidence of different genetic back-
grounds in AAV defined by ANCA
specificity points towards the need for
larger GWAS in PR3 and MPO-positive
patients separately. This approach will
allow the identification of additional
novel associations defined by auto-an-
tibody specificity; meta-analysis of the
data from the different GWAS should
allow the identification of shared pre-
dispositions that, although likely to
exist, may require big cohorts to reach
genome-wide significance.

A GWAS in EGPA as well as ANCA-
negative AAV is indicated although the
rarity of these diseases may lead to prob-
lems building suitably powered cohorts.
A further point of interest would be to
identify possible overlap associations
between MPO-positive patients with
different clinical diagnoses (i.e. EGPA
and MPA or GPA).
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