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ABSTRACT

Background The frequency of proteinase 3 gene (PRTN3)
polymorphisms in patients with antineutrophil cytoplasmic
antibody (ANCA)-associated vasculitis (AAV) is not fully
characterised. We hypothesise that the presence of a PRTN3
gene polymorphism (single nucleotide polymorphism (SNP)
rs351111) is relevant for clinical outcomes.

Methods DNA variant calling for SNP rs351111
(chr.19:844020, ¢.355G>A) in PRTN3 gene assessed the allelic
frequency in patients with PR3-AAV included in the Rituximab
in ANCA-Associated Vasculitis trial. This was followed by RNA-
seq variant calling to characterise the mRNA expression. We
compared clinical outcomes between patients homozygous for
PRTN3-lle""® or PRTN3-Val'™®.

Results Whole blood samples for DNA calling were available
in 188 patients. 75 patients with PR3-AAV had the allelic
variant: 62 heterozygous PRTN3-Val'"°lle and 13 homozygous
for PRTN3-lle""®. RNA-seq was available for 89 patients and
mRNA corresponding to the allelic variant was found in 32
patients with PR3-AAV: 25 heterozygous PRTN3-Val'"°lle and
7 homozygous for PRTN3-lle"™®. The agreement between the
DNA calling results and mRNA expression of the 86 patients
analysed by both methods was 100%. We compared the
clinical outcomes of 64 patients with PR3-AAV: 51 homozygous
for PRTN3-Val'"® and 13 homozygous for PRTN3-lle''®. The
frequency of severe flares at 18 months in homozygous
PRTN3-lle'"® was significantly higher when compared with
homozygous PRTN3-Val'™® (46.2% vs 19.6%, p=0.048).
Multivariate analysis identified homozygous PR3-lle'"® as main
predictor of severe relapse (HR 4.67,95%Cl 1.16 to 18.86,
p=0.030).

Conclusion In patients with PR3-AAV, homozygosity for
PRTN3-Val'"lle polymorphism appears associated with higher
frequency of severe relapse. Further studies are necessary to
better understand the association of this observation with the
risk of severe relapse.

INTRODUCTION

The genetic background of antineutrophil
cytoplasmic antibody (ANCA) associated
vasculitis (AAV) is recognised as relevant for

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The implications of proteinase 3 gene (PRTN3) poly-
morphisms in exonic sequences of the gene have
not been studied.

WHAT THIS STUDY ADDS

= The PRTN3-Val'™lle polymorphism homozygosity
was associated with higher frequency and risk of
severe relapse in patients with PR3-antineutrophil
cytoplasmic antibody (ANCA)-associated vasculitis
(AAV) but not in myeloperoxidase-AAV.

= Our data suggest that conformational changes of
the autoantigen may modulate its interactions with
pathogenic PR3-ANCA promoting disease activity.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Homozygosity for PRTN3-Val'lle polymorphism
may represent an additional identifiable risk factor
for relapse.

= Therefore, relapse risk might be stratified allowing
the tailoring of treatment and adequate monitoring
of patients at higher risk of relapse.

the disease pathogenesis.' Evidence from
genome-wide association studies (GWAS) has
contributed decisively to question the orig-
inal concept of clinical phenotypes in AAV.>™
Patients are customarily classified according
to shared clinical and histopathological
features into granulomatosis with polyangiitis
(GPA), microscopic polyangiitis (MPA) and
eosinophilic granulomatosis with polyangi-
itis.? However, over the last decade, studies
have shown that clinical outcomes separate
more clearly when patients are classified
according with ANCA specificity into antipro-
teinase 3 (PR3)-AAV and antimyeloperoxi-
dase (MPO)-AAV.>”
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GWAS in AAV demonstrates that PR3-AAV and MPO-
AAV have different genetic risk associations.”” PR3-AAV
is associated with the HLA-DPB1%¥04:01 which is related
with the presentation of PR3 antigen to the immune
system.” * ¥ Furthermore, the balance between ol-anti-
trypsin (SERPINAI) and PR3 (PRTN3) gene expression
influences PR3 levels.?® In PR3-AAV, the role of PRTN3
gene polymorphisms has been previously studied.’ Eight
single nucleotide polymorphisms (SNP) have been iden-
tified.” The SNP in the promoter region might affect a
putative transcription factor binding site, whereas the
role of SNP in exonic sequences has not been defined.” '’
However, the actual frequency of PRTN3 polymorphisms
in patients with ANCA-associated vasculitis (AAV) is not
well characterised. The SNP rs351111 (chr.19:844020)
has a minor allelic frequency between 0.497 and 0.322
and results in a nucleotide change from G to A in the
position 355 (c.355G>A) in the PRTNS gene.'” This
change leads to a missense protein with an amino-acid
change from Valine to Isoleucine in the position 119 of
the PR3 protein (Valll9lle) and amino-acid numbering
based on National Center for Biotechnology Informa-
tion (NCBI) nomenclature.'’ This variant has been previ-
ously described in PR3-AAV, and the allelic frequency
of the variant was 35.3% vs 64.7% when compared with
the wild type, and this was not different when compared
with controls.'” The homozygous variants of the PRTN3
gene polymorphism (SNP rs351111) result in uniquely
different proteins in affected patients. These different
PR3 proteins could interact differently with potentially
pathogenic PR3-ANCA. Therefore, we hypothesise that
the PRTN3 gene polymorphism (SNP rs351111) might
impact clinical outcomes.

This study aimed to (i) characterise the frequency of
the SNP rs351111 and (ii) determine the association
of the polymorphic conformation with disease presen-
tation, clinical phenotypes and clinical outcomes such
as relapse rate and severity of the disease in a very well-
characterised clinical trial cohort.

MATERIALS AND METHODS

Study population and design

We studied the presence of PRTN3S Val'"Ile polymor-
phism in samples obtained from patients enrolled in the
RAVE (Rituximab in ANCA-Associated Vasculitis) trial.'!
In brief, the RAVE trial was a multicentre, randomised,
double-blind, non-inferiority controlled trial conducted
between 2004 and 2008 that compared rituximab (RTX)
to cyclophosphamide (CYC) for remission-induction in
patients with AAV. The study enrolled 197 newly diag-
nosed or relapsing patients with AAV (GPA and MPA) in
which 99 patients were assigned to treatment with intra-
venous RTX at a dose of 375 mg/mQ/week for 4 weeks
plus daily placebo of CYC and 98 patients were assigned
to the control group and received treatment with placebo
RTX infusions plus daily CYC (2 mg/kg). The mean
(+SD) Birmingham Vasculitis Activity Score/Wegener

Granulomatosis (BVAS/WG) at entry were 8.5+3.2 in the
RTX group and 8.2+3.2 in the control group. The main
clinical diagnoses were GPA in 148 patients (75%) and
MPA in 48 patients (24%). ANCA specificity was PR3 in
133 patients (67.5%) and MPO in 66 patients (33.5%).

We initially performed a DNA variant calling analysis to
characterise the presence of SNP rs351111 in our sample
as this is the only SNP reported to result in an amino-
acid change in PR3 (Val to Ile in position 119) with high
allelic frequency."” To determine the protein expressed
and correct assignment of status to each patient through
the DNA variant calling analysis, we performed RNA
variant calling and determined the agreement. Finally,
we correlated the zygosity status with clinical presenta-
tion and clinical outcomes.

DNA extraction, sequencing and variant calling analysis
Chromosome 19 and the PRTN3 gene were sequenced
from whole blood samples and SNP and multinucleotide
polymorphisms, insertions and deletions were character-
ised. These data were generated in collaboration with
Immune Tolerance Network (ITN) and Genentech.

For primer design, ‘NCBI primer blast for design’ and
manual search were used to encompass the flanking
regions of 300bp both upstream and downstream of
the desired targets for optimal coverage, which resulted
in the generation of 6 amplicons per sample to analyse
the regions of interest. Amplicon generation for each
of the six targets was performed using Qb Hot Start
High-Fidelity 2X Master Mix (NEB) (instrument: Tetrad
Thermal Cycler, Bio-Rad) with the same DNA input
amount across samples. The resulting amplicons were
QC’ed with respect to yield and fragment length distribu-
tion using the Fragment Analyzer (Advanced Analytical).
Based on this quantitation of the amplicons, one pool
per 96-well plate was quantified again on the Agilent 2100
Bioanalyzer (Agilent Technologies) for final pooling of
four plate-pools into one pool, respectively. The resulting
three library pools underwent a final quantitation for
loading on the MiSeq. The library-pools were sequenced
on MiSeq instruments (Illumina) using the 2x300bp
(PE) run mode with double indexing.

Quuality of the read sequences were performed using
Trimmomatic (V.0.36, http://www.usadellab.org/cms/
index.php?page=trimmomatic).'”” Sequences with the
following criteria were removed to improve on the
subsequent analyses: possible adapter sequences, low-
quality bases (Phred score<20) or shorter than a length
threshold of 40 base pairs.

Mapping of reads to reference sequenceswas performed
using BWA-MEM (V.0.7.12-r1039, http://bio-bwa.source-
forge.net/). The reads and their associated alignment
positions are provided as binary alignment map (BAM)
formatted files. Variant analysis was performed using
VarScan (V.2.4.3, http://varscan.sourceforge.net). Only
reads with a minimum alignment quality of 1 were used
for variant analysis. This excludes all reads with ambig-
uous alignments. VarScan takes the deduplicated reads
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Figure 1 RAVE trial population distribution according to the zygosity status for PRTN3 gene (patients with PR3 and MPO-
ANCA) and DNA or RNA variant calling (A) and allelic frequency for rs351111, chr.19:844 020 (c.355G>A) in PRTN3 among
patients with AAV (PR3 and MPO-ANCA) in the DNA (B) and RNA (C) variant calling. AAV, ANCA-associated vasculitis; ANCA,
antineutrophil cytoplasmic antibody; MPO, myeloperoxidase; PR3, proteinase 3; RAVE, Rituximab in ANCA-Associated
Vasculitis.
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Table 1 PRTN3 gene polymorphism (SNP rs351111) DNA zygosity of the 188 patients included in the RAVE trial

DNA zygosity, n (%) Total (n=188) PR3 (n=125) MPO (n=63)
Homozygous PRTN3 Val''® 73 (38.8) 50 (40.0) 23 (36.5)
Homozygous PRTN3 lle'® 20 (10.6) 13 (10.4) 7 (11.1)
Heterozygous PRTN3 Val''%/1le'® 95 (50.5) 62 (49.6) 33 (52.4)

ANCA, antineutrophil cytoplasmic antibody; MPO, myeloperoxidase; n, number; PR3, proteinase 3; RAVE, Rituximab in ANCA-Associated

Vasculitis; SNP, single nucleotide polymorphism.

as input and searches for sequence variants that meet
the following criteria: minimum read depth 8, minimum
base quality of 15 (Phred Quality Score), alternative allele
is supported by at least 2 reads, alternative allele has a
frequency of at least 5%, the p value for variant is better
than 0.98, the variant was observed on both strands. The
called SNPs and InDels were further processed using
snpEff (V.4.3p)."” The snpEff tool compares the called
variants to a preprocessed database (snpEff DB-name:
hg38). Based on the comparison, snpEff adds various
annotations and predicts possible effects of each variant,
for example, amino acid changes, frame shifts.

RNA extraction, sequencing and variant calling analysis
The methodology for RNA extraction from whole blood,
deep sequencing, alignment, quantification of large RNA
and quantitative reverse transcription-polymerase chain
reaction (QRT-PCR) analysis were described elsewhere.'*
FASTQ reads from RNA sequencing were aligned to
human genome hg19 using STAR V.2.7.5b."* The aligned
reads in BAM files were then processed using GATK
V.3.7.0 according to the best practice Variants were called
from the processed BAM files using GATK Haplotype-
Caller (V.3.7.0) or beftools (V.1.9) (RNAseq short variant
discovery [SNPs+Indels] — GATK (broadinstitute.org)).

Clinical presentation and outcomes

The clinical presentation and the clinical outcomes
were retrieved from the RAVE trial.'! In brief, the main
outcomes addressed were: complete remission, defined
as BVAS/WG of 0 and prednisone dose of 0mg/day;
relapse, defined as an increase in the BVAS/WG of 1
point or more and severe relapse, defined as the presence

of BVAS/WG >3 or the recording of a major BVAS/WG

item after complete remission was achieved.

Statistical analysis

Categorical variables were presented as count (per cent)
while continuous variables were presented as mean (SD) if
they were normally distributed as determined by Shapiro-
Wilk test or as median (IQR) if not normally distributed.
For comparisons of categorical variables between groups,
Pearson’s ” test was used. For comparison of continuous
variables between two groups, an unpaired Student’s #
test for independent samples was used for distributions
consistent with normality, and the Mann-Whitney U test
was used otherwise. Bonferroni correction for multiple
testing was applied.

The Kaplan Meier method was used to assess cumulative
incidence of severe relapse after randomization and Cox
proportional hazards regression model were used to deter-
mine predictive factors for severe relapse at 12 months.

IBM SPSS Statistics for MacOS, V.27 (IBM, Armonk,
New York, USA) was used for all data analysis.

RESULTS

DNA variant calling

Available samples from 188 patients (95.4% of RAVE
population) were analysed by next generation sequencing
(targeted sequencing) (figure 1A and table 1). The allelic
variant of the SNP rs351111 was detected in 115 patients
with AAV (61.1%) and 75 patients with PR3-ANCA (39.9%)
(figure 1A). From the 125 patients with PR3-ANCA evalu-
ated, 50 (40.0%) were homozygous for PRTN3-Val''?, 62
(49.6%) were heterozygous for PRTN3Val'“lle and 13

Table 2 PRTN3 gene polymorphism (SNP rs351111) mRNA zygosity of the 89 patients included in the RAVE trial with results

available
RNA zygosity, n (%) Total (n=89) PR3 (n=60) MPO (n=23)
Homozygous PRTN3 Val''® 39 (43.8) 28 (46.7) 11 (47.8)
Homozygous PRTN3 lle'"® 12 (13.5) 7(11.7) 5(21.7)
Heterozygous PRTN3 Val''¥/lle'"® 35 (39.3) 10 (43.5)

25 (41.7)
Missing in the DNA calling 3 (3.4) (1 Homozygous PRTN3 Val''?, 2 3(5.0) =

Heterozygous PRTN3 Val'"¥/lle'"9)

ANCA, antineutrophil cytoplasmic antibody; MPO, myeloperoxidase; n, number; PR3, proteinase 3; RAVE, Rituximab in ANCA-Associated

Vasculitis.
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Table 3 Clinical characteristics and treatment of patients to PR3-ANCA according with PRTN3 zygosity

Homozygous PRTN3-Va

|119 119

Homozygous PRTN3-lle

PR3-ANCA (n=64) (n=51) (n=13) P value

Age at informed consent, median (IQR) years 50 (38.0-57.0) 55 (49.5-60.0) 0.070

Male, n (%) 30 (58.8) 6 (46.2) 0.411

Disease presentation, n (%) 0.574
AAV new diagnosis 31 (62.0) 9 (69.2)

AAV relapse 20 (39.2) 4 (30.8)

AAV, n (%) 0.607
MPA 1(2.0) 0 (0.0)

GPA 50 (98.0) 13 (100.0)

BVAS/WG, median (IQR) 8 (5-10) 8 (7-9.5) 0.485
Any renal involvement, n (%) 33 (64.7) 9 (69.2) 0.759
Alveolar haemorrhage, n (%) 15 (29.4) 2 (15.4) 0.307
Capillaritis, n (%) 42 (82.4) 10 (76.9) 0.654

Randomised treatment group, n (%) 0.662
CYC 24 (47.1) 7 (563.8)

RTX 27 (52.9) 6 (46.2)

AAYV, antineutrophil cytoplasmic antibody-associated vasculitis; ANCA, antineutrophil cytoplasmic antibody; BVAS/WG, Birmingham
Vasculitis Activity Score for Wegener Granulomatosis; CYC, cyclophosphamide; GPA, granulomatosis with polyangiitis; MPA, microscopic
polyangiitis; n, number; PR3, proteinase 3; PRTN3, proteinase 3 gene; RTX, rituximab.

(10.4%) were homozygous for PRTNSIle'". The allele
frequency threshold of readings for heterozygous varied
from 29.3% to 55.1% of the reads (figure 1B).

mRNA-sequencing

RNA zygosity was determined in 89 patients from the
RAVE trial (figure 1A and table 2)."" The mRNA corre-
sponding to the allelic variant was present in 47 patients
(52.8%) and in 32 patients with PR3-ANCA (37.2%)
(figure 1A). From the 60 patients with PR3-ANCA
(67.4%) evaluated, 25 (28.1%) were homozygous for
PRTN3-Val'"?, 28 (31.5%) were heterozygous for PRTNS-
Val'""Ile and 7 (7.9%) were homozygous for PRTNSIle'"’.
The allele frequency threshold of readings for heterozy-
gous varied from 11.1% to 62.8% of the reads (figure 1C).
Combining both analyses, we were able to determine the
zygosity regarding the PRTN3-Val' “Ile polymorphism in

191 patients (figure 1A). The agreement between the
DNA calling results and the mRNA expression of the 86
patients that were analysed by both methods was 100%.
When needed, we used the mRNA to confirm DNA zygo-
sity (ie, patients with lower allelic frequency threshold
in the DNA variant calling). In one additional patient in
which a sample was not available for the DNA calling, it
was possible to attribute the status of homozygosity for
PRTN3-Val'" through the mRNA-sequencing.

Outcomes

We analysed the clinical features and outcomes of 64
PR3-ANCA-positive patients: 51 patients homozygous for
PRTN3-Val'' and 13 patients with PRTN3Ile'"? (tables 3
and 4). There were no differences in the clinical presenta-
tion or treatment (table 3). We found that the proportion
of severe flares experienced by 18 months in homozygous

Table 4 Outcomes of patients with PR3-ANCA according with PRTN3 zygosity

Homozygous PRTN3-Val''®

Homozygous PRTN3-lle'"®

PR3-AAV (n=64) (n=51) (n=13) P value*
Remission, n (%) 45 (88.2) 13 (100) 0.194
Complete remission, n (%) 36 (70.6) 10 (76.9) 0.650
Any flare by 18 months, n (%) 30 (58.8) 7 (53.8) 0.746
Severe* flare by 18 months, n (%) 10 (19.6) 6 (46.2) 0.048

*Relapse was considered severe according with the RAVE trial definition: BVAS/WG >3 or new major item.
AAYV, antineutrophil cytoplasmic antibody associated vasculitis; ANCA, antineutrophil cytoplasmic antibody; BVAS/WG, Birmingham
Vasculitis Activity Score for Wegener Granulomatosis; n, number; PR3, proteinase 3; PRTN3, proteinase 3 gene; RAVE, Rituximab in ANCA-

Associated Vasculitis.
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Figure 2 Kaplan Meier curve of the severe relapse
cumulative incidence after 550 days of randomisation
according with the status of PRTN3 polymorphism: time to
relapse is shorter in patients with homozygous for PRTN3-
lle'"® when compared with homozygous for PRTN3-Val'"®
(424 vs 489 days, log-rank test p=0.047). PRTNS, proteinase
3 gene.

PRTN3-Ile'"” carriers was more than two times higher when
compared with homozygous PRTN3-Val'" patients (46.2%
vs 19.6%, p=0.048) (table 4). Time to severe relapse after
randomisation was also shorter in patients homozygous
for PRTNS-Ile'"” when compared with homozygous for
PRTNS-Val'" (424 vs 489 days, p=0.047) (figure 2). We also
reviewed the clinical presentation (individual BVAS/WG
components) of each of the severe relapses of the patients
homozygous for either PRTN3-Val'" or PRTN3-le'"? and
found that all had at least one disease manifestation typi-
cally attributed to inflammation of capillaries (capillaritis),
that is, glomerulonephritis, alveolar haemorrhage, scleritis
and so on, whereas the non-severe flares did not (data not
shown).

We used multivariable Cox regression to adjust
our analysis to demographics, clinical characteristics
and remission-induction treatment: homozygosity to
PRTN3-Ile'"? (HR 4.67, 95%CI 1.16 to 18.86, p=0.030)
was the main predictor of severe relapse at 18 months,
whereas any degree of kidney involvement was protec-
tive (HR 0.149, 95% CI 0.034 to 0.659, p=0.012), and
this holds true when adjusted to the presence of any
capillaritis (HR 2.823, 95% CI 0.426 to 19.156, p=0.288),
alveolar haemorrhage (HR 0.919, 95%CI 0.211 to
3.994, p=0.910), baseline BVAS/WG (HR 0.971, 95% CI
0.756 to 1.246, p=0.817), age at informed consent (HR
0.971, 95%CI 0.929 to 1.016, p=0.205), gender (HR
0.392, 95% CI 0.133 to 1.152, p=0.089), enrolment as a
relapser (HR 2.879, 95%CI 0.574 to 14.437, p=0.199)

and remission-induction treatment with RTX (HR 0.767,
95% CI 0.226 to 2.610, p=0.672).

Finally, we also analysed the proportion of severe flares
at 18 months in the patients with MPO-ANCA. There
were no differences in the proportion of severe flares at
18 months in homozygous PRTNS3-Ile'"? when compared
with the homozygous PRTN3-Val''? patients (14.3% vs
17.4%, p=0.847).

DISCUSSION

Our study shows that in patients with PR3-AAV, the
homozygosity for the allelic variant on the PRTNS3-
Val'Ile polymorphism was associated with more than
double the risk for severe relapse in patients who achieve
remission. In addition, we found that the agreement
between the DNA variant calling results and mRNA-
sequencing is 100%, suggesting that the DNA is sufficient
to determine zygosity. We identified a genetic association
that has potential prognostic relevance for the relapse
risk stratification and management of PR3-AAV.

Reducing the occurrence of relapses is one of the most
relevant unmet needs in the treatment of AAV."” The accrual
of damage is cumulative and relapse results in significant
morbidity." Patients with PR3-AAV have an increased risk for
relapse when compared with patients with MPO-AAV." In
addition, granulomatous disease is more commonly associ-
ated with relapse.' Relapse is also dependent on the treat-
ment received for remission-induction.'® Moreover, patients
who experienced previous relapses have a higher risk of
subsequent relapse.! Nevertheless, stratifying the pretreat-
ment risk of relapse based on the presence of a biomarker
or other differentiating feature has been challenging. Iden-
tifying patients at higher risk of relapse could be useful to
personalise their management.

We hypothesise that, in vivo, the presence of polymor-
phisms in proteins might modulate their antigenicity
particularly during states of severe inflammation, simi-
larly to what was found in vitro. We previously showed
that remote mutations and engagement of distal epitopes
by an anti-PR3 monoclonal antibody can increase the
local mobility and expose latent PR3 epitopes, leading to
conformational adaptation facilitating or necessary for
antibody binding."®'” This type of epitope activation—
achieved in vitro by remote mutations, or in vivo either
by polymorphisms or by binding of another autoanti-
body or protein ligand—may be an important contrib-
utor of PR3-AAV pathogenesis.'® '7 Our observation that
homozygosity for the PRTN3-Val''Ile polymorphism
is associated with a different risk for severe relapses is
consistent with the hypothesis that the two different
PR3 antigen variants may interact differently with patho-
genic PR3-ANCA. The pathogenic potential of ANCA is
best documented for disease manifestations caused by
capillaritis, such as glomerulonephritis, alveolar haem-
orrhage, scleritis and so on, that is, those captured as
‘major’ disease activity items on the BVAS/WG instru-
ment, which is in contrast to ‘minor’ BVAS/WG items.
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This may explain why we found a significant difference
for severe relapses, but not when all non-severe relapses
a lumped into the analysis.

In addition, we found that in patients with MPO-AAV,
the presence of homozygosity to PRTNS-Ile'" is not
associated with an increased risk of severe relapses at 18
months. This finding further supports the strength of our
main results that for the first time identify a genetic asso-
ciation with an increased risk of severe relapse in PR3-
AAV, but not MPO-AAV.

Our current study is unique because we analysed
whether there is a correlation between a polymorphism
and the risk of relapse in patients with PR3-AAV. Specifi-
cally, we linked the presence of the PRTN3-Val'“Ile poly-
morphism to the risk of relapse in a well-characterised
population that was treated similarly, and in which the
outcomes were determined in a standardised and proto-
colised fashion. Because the agreement between DNA
sequence and mRNA sequence was 100%, it is safe to
assign a zygosity state based only on DNA sequencing
particularly in patients that are homozygous for the pres-
ence or absence of variant. In patients that are hetero-
zygous for the variant, it is not possible to determine
what proportion of protein with each polymorphism
is produced and if this is modified by an inflammatory
state.

Our study also has limitations. First, more studies are
needed to validate these findings. However, in this case,
the validation will only be attainable with the analysis of a
similar or larger population of patients in which clinical
outcomes are comparable and evaluated in a similar stan-
dardised fashion. Second, as a result of effective remis-
sion induction regimens and longitudinal monitoring
of patients, relapse is now a rare outcome, and severe
relapse even more so. Hence, the small number of events
in this rare disease is not unexpected and represents a
challenge for the design of similar studies.

In conclusion, the findings in this cohort of patients
with PR3-AAV suggest an association of homozygosity for
the PRTN3-Ile'"? polymorphism with higher frequency of
severe relapse. Consequently, homozygosity for this poly-
morphism, which is the only one resulting in a change of
the amino acid sequence of PR3, may represent an addi-
tional identifiable risk factor for severe relapse. More-
over, our data suggest that the quantity of PR3 expressed
in patients with AAV compared with healthy controls
and conformational changes of the autoantigen may
modulate its interactions with pathogenic PR3-ANCA
promoting disease activity.'” '® Further studies are neces-
sary to validate and better understand the association of
this observation with the risk of severe relapse and its
possible molecular mechanisms.
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