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Granulomatosis with polyangiitis (Wegener’s) is a rare autoimmune
neutrophil-mediated vasculitis that can cause renal disease and mu-
cosal manifestations. Antineutrophil cytoplasmic antibodies (ANCA)
are present in many patients, vary in level over time, and induce
neutrophil activation through engagement with Fc receptors (FcRs).
Given roles for FcRs inANCA-mediated neutrophil activation and IgA
antibodies in mucosal immunity, we hypothesized that FcR genetics
and previously unappreciated IgA ANCA affect clinical presentation.
We assembled a total of 673 patients and 413 controls from two
multicenter cohorts, performed ELISA and immunofluorescence
assays to determine IgA and IgG ANCA positivity, and used Illumina,
TaqMan, or Pyrosequencing to genotype eight haplotype-tagging
SNPs in the IgA FcR (FCAR) and to determine NA1/NA2 genotype of
FCGR3B, the most prevalent neutrophil IgG FcR. We evaluated neu-
trophil activation by measuring degranulation marker CD11b with
flowcytometry or neutrophil extracellcular trap formationwith con-
focal microscopy. Functional polymorphisms in FCGR3B and FCAR
differed between patient groups stratified by renal involvement.
IgA ANCA were found in ∼30% of patients and were less common
in patients with severe renal disease. Neutrophil stimulation by IgA
or IgG ANCA led to degranulation and neutrophil extracellcular trap
formation in a FcR allele-specific manner (IgA:FCAR P = 0.008; IgG:
FCGR3B P = 0.003). When stimulated with IgA and IgG ANCA to-
gether, IgG ANCA induced neutrophil activation was reduced (P =
0.0001). FcR genotypes, IgAANCA, and IgGANCAare potential prog-
nostic and therapeutic targets for understanding the pathogenesis
and presentation of granulomatosis with polyangiitis (Wegener’s).
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Granulomatosis with polyangiitis (Wegener’s) (GPA), formerly
known as Wegener’s granulomatosis (1), is a rare autoim-

mune vasculitis marked by neutrophil-related tissue damage to
small- and medium-sized vessels. Patients with GPA can experi-
ence a broad range of clinical manifestations, predominately af-
fecting the mucosal upper airways and kidneys (2). Over half of
these patients develop some form of renal involvement, ranging in
severity from mild renal insufficiency to rapidly progressing glo-
merulonephritis, culminating in end-stage renal disease (3, 4). The
basis for the varied clinical manifestations and disease severity is
not well understood but may result from both genetic and envi-
ronmental factors (5).
Antineutrophil cytoplasmic antibodies (ANCA) are frequently

observed in patients with GPA. ANCA primarily target proteinase

3 (PR3), a serine protease expressed in azurophilic granules of
neutrophils. Serum anti-PR3 antibodies produce a cytoplasmic
staining pattern on immunofluorescence assays, explaining the
designation cANCA. These antibodies occur in over 90% of
patients with active systemic disease and 40% of patients in re-
mission (6), and may influence disease pathogenesis. When acti-
vated, neutrophils display the majority of granular PR3 on their
cell-surface membranes (7); anti-PR3 antibodies then bind to the
surface of primed neutrophils, resulting in initiation of subsequent
neutrophil-effector programs, such as an oxidative burst (8).
Such ANCA-induced effector mechanisms involve engagement

of activating IgG Fc receptors (FcRs) (9), namely FCGR2A
(CD32A) and FCGR3B (CD16B) by anti-PR3 antibodies. Anti-
PR3 antibodies preferentially engage FCGR3B because of its
numeric predominance on the neutrophil cell surface (10).
FCGR3B copy number variation (CNV) has been associated with
development of systemic autoimmune conditions, including GPA
(11). Within FCGR3B, two common genetic variants (named NA1
and NA2) influence the ANCA-effector response, with the NA1
allele producing stronger phagocytosis, respiratory burst, and
neutrophil degranulation compared with the NA2 allele (12),
suggesting these alleles influence the strength of ANCA-induced
neutrophil activation and, subsequently, disease severity.
Ig isotypes of ANCA other than IgG have yet to be observed in

patients with GPA. Given the mucosal manifestations of GPA,
IgA is an isotype of interest; however, IgA ANCA have not been
previously reported in GPA (13, 14). IgA can induce a wide range
of immune mechanisms, including phagocytosis, respiratory burst,
cytokine release, and antibody-dependent cell-mediated cytotox-
icity (15), as well as mediate an anti-inflammatory response (16,
17); therefore, IgA ANCA are plausible mediators of disease ac-
tivity and severity inGPA. Serum IgAANCAhave been associated
with erythema elevatum diutinum (a neutrophil-associated vascu-
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litis of the skin) (18), cutaneous vasculitis (19), ulcerative colitis
(20), and Henoch-Schönlein purpura (21). Some of these IgA
ANCA-associated diseases have clinical presentations similar to
GPA, with renal and mucosal involvement because of vascular
damage from excessive neutrophil activation (4, 18). The proin-
flammatory and anti-inflammatory effects of IgA are determined
through engagement with the FcR for IgA: FCAR (also known as
FcαRI and CD89) (16). Alleles of a SNP in FCAR, rs16986050,
alter the protein sequence of its cytoplasmic tail. The “A” (serine)
allele results in less immune activation as measured by proin-
flammatory cytokine release and the “G” (glycine) allele causes
cellular activation and increased phagocytosis (22). Similar to the
biology of FCGR3B, IgA ANCA and FCAR genotypes may in-
fluence disease susceptibility and severity.
To better understand the pathogenesis, varied clinical pre-

sentations, and degrees of disease severity observed among
patients with GPA, we sought to characterize potential FcR gen-
otypes and ANCA isotypes influencing this disease. We studied
biological materials and linked clinical data from two large
cohorts: (i) the Wegener’s Granulomatosis Genetics Repository
(WGGER) that included 477 patients with GPA and 413 matched
controls; and (ii) samples from patients with GPA enrolled in the
longitudinal study of the Vasculitis Clinical Research Consortium
(VCRC) (n = 263). With these samples and medical record data,
we associated proinflammatory genetic variants of FCGR3B and
FCAR with renal presentations and observed that serum IgA

ANCA were present in patients with GPA. We showed that
stimulation with IgA or IgG ANCA affected neutrophil activation
measures, such as degranulation and neutrophil extracellular trap
(NET) formation, in FcR-genotype–dependent fashion, suggest-
ing that the pathogenesis of GPA is influenced by multiple ANCA
isotypes and FcR genotypes.

Results
Patient Samples and Clinical Data. We assembled samples and data
from a total of 673 patients with GPA and 413 healthy controls
from WGGER and VCRC. Chart review confirmed disease
presence using the modified American College of Rheumatology
diagnostic criteria and the Chapel Hill Consensus definitions of
disease for vasculitis (2, 23).
WGGER is a cross-sectional collection of 477 patients and 413

healthy controls enrolled at the Beth Israel Medical Center (New
York, NY), Boston University (Boston, MA), the Cleveland Clinic
Foundation (Cleveland, OH), Duke University Medical Center
(Durham, NC), John Hopkins University (Baltimore, MD), the
Lahey Clinic (Burlington,MA), theMayo Clinic (Rochester, MN),
and the University of Alabama at Birmingham (Birmingham, AL).
Of the patients, 463 (93%) are Caucasian, and 48% aremale. Only
self-identified Caucasians were analyzed in genetic studies.
The VCRC collects longitudinal clinical data and biological

samples from patients with various vasculitides, including GPA, at
Boston University (Boston, MA), the Cleveland Clinic (Cleveland,
OH), The Johns Hopkins University (Baltimore, MD), the Mayo
Clinic (Rochester, MN), McMaster University (Hamilton, ON,
Canada), and the University of Toronto (Toronto, ON, Canada).
There were 1,470 longitudinal samples from 263 GPA patients.
Subjects with GPA averaged 5.6 visits (range 1–19; median, 4) with
visit intervals most frequently at 3 mo but ranging from 1mo to 1 y.
Sixty-seven patients withGPAwere enrolled in bothWGGERand
VCRC and, where appropriate, were included for analyses only
within WGGER.
The patient characteristics in WGGER and VCRC are com-

parable in terms of the prevalence of upper airway and renal in-
volvement, and are presented in Tables S1 and S2. In both sets of
patients, slightly over half of patients with GPA exhibited renal
involvement (WGGER: 58.5%; VCRC: 53.8%). Renal involve-
ment was defined as “renal disease” in themedical record when not
explained by other non-GPA factors. Among patients inWGGER,
the mean peak serum creatinine recorded was 3.07 mg/dL (range:

Table 1. IgA and IgG isotypes of anti-PR3 antibodies are present
in patients with GPA

Controls WGGER VCRC

IgA positive only 1 (1%) 12 (3.6%) 45 (17.1%)
IgG positive only 1 (1%) 151 (45.1%) 80 (30.4%)
IgA and IgG positive 0 (0%) 49 (14.6%) 56 (21.3%)
Negative 97 (98%) 123 (36.7%) 82 (31.2%)
Total 99 335 263

Data were obtained by ELISA. Of the 463 Caucasian patients with GPA in
WGGER, 335 had single samples available. Patients from the VCRC cohort
typically contributed multiple samples (263 participants, 1,470 samples), and
a patient was counted as positive if any sample tested positive. Healthy
controls were assayed to determine a threshold for positivity, as described
in Methods.

Table 2. Proinflammatory allele of FCAR associates with renal involvement in GPA

Cases

Genotype Allele

AA AG GG A G

WEGGER
No renal involvement 149 (78.4%) 38 (20%) 3 (1.6%) 336 (88.4%) 44 (11.6%)
Renal involvement 171 (67.1%) 77 (30.2%) 7 (2.7%) 419 (82.1%) 91 (17.8%)
All cases 320 (71.9%) 115 (25.8%) 10 (2.2%) 755 (84.8%) 135 (15.2%)
Controls 249 (60.3%) 149 (36.1%) 15 (3.6%) 647 (78.3%) 179 (21.7%)

VCRC
No renal involvement 83 (83.8%) 13 (13.1%) 3 (3.0%) 179 (90.4%) 19 (9.6%)
Renal involvement 55 (59.8%) 34 (37.0%) 3 (3.3%) 144 (78.3%) 40 (21.7%)
All cases 135 (71.1%) 49 (25.8%) 6 (3.2%) 319 (83.9%) 61 (16.1%)

WGGER and VCRC
No renal involvement 232 (80.3%) 51 (17.6%) 6 (2.7%) 515 (89.1%) 63 (10.9%)
Renal involvement 226 (65.1%) 111 (32.0%) 10 (2.9%) 563 (81.1%) 131 (18.9%)
All cases 455 (71.7%) 164 (25.8%) 16 (2.5%) 1074 (84.6%) 196 (14.4%)

HapMap Caucasians 75 (66.4%) 32 (28.3%) 6 (5.3%) 182 (80.5%) 44 (19.5%)

The FCAR G allele (rs16986050), functionally related to proinflammatory neutrophil responses, associates with
predisposition for renal involvement. All samples were genotyped using an Illumina GoldenGate BeadXpress
system for WGGER and Pyrosequencing for VCRC. Sixty-seven patients with GPA were enrolled in both studies
and have been excluded from the VCRC dataset here.
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0.7–22.0 mg/dL; median: 1.7 mg/dL). Of patients with GPA in
WGGER, 83.1% manifested upper airway mucosal inflammation;
84.7% in VCRC manifested ear-nose-throat symptoms.

Proinflammatory FCGR3B NA1 Allele Associates with Severe Renal
Disease. Genotyping the NA1 allele of FCGR3B, which produces
a stronger phagocytic, respiratory burst, and degranulation re-
sponse compared with the NA2 allele (12), revealed similar allele
frequencies for the WGGER (0.38), VCRC (0.36), and control
(0.41) populations, indicating that this locus does not associate
with overall disease susceptibility, similar to a previous study of
101 European patients with multiple forms of ANCA-associated
vasculitis (24). However, among our patients with GPA, the pres-
ence of this proinflammatory allele was related to the presence of
severe renal disease in GPA: 26% of NA1 homozygote-positive
patients developed severe renal disease, compared with 11.5%
among those not homozygous for NA1 (P = 0.064). Among
patients in WGGER, the average peak serum creatinine level was
also higher among the NA1 homozygotes (4.51 mg/dL) compared
with all (renal and nonrenal) patients (3.07 mg/dL), or even with
non-NA1 patients with renal disease (3.67 mg/dL) (data not
available for VCRC). Homozygosity for the less activating allele,
NA2, was present in 38% of patients with mucosal upper-airway

manifestations compared with 30% of patients without this type
of mucosal involvement (P = 0.091).
Because a null allele at FCGR3B has been associated with

susceptibility to GPA in some studies but not in others, such
structural variation could potentially confound our ability to cal-
culate accurately the frequency of NA1/NA2 alleles. Using gene-
specific primers in Pyrosequencing, we observed no difference in
CNV between patients and controls, thereby negating any con-
founding effects of potential CNV (Fig. S1).

IgA ANCA Are Less Prevalent Among Patients with Severe Renal
Disease. IgA anti-PR3 antibodies were present in 27% of patients
tested by ELISA in two GPA collections (WGGER: n = 335;
VCRC: n = 196) (Table 1). Titers varied over time in samples
from the same patient within the longitudinal VCRC. Because we
defined positive as “ever positive,” the higher prevalence of IgA
anti-PR3 antibodies in VCRC likely resulted from testing multiple
samples. Over half of patients tested in the combined groups were
positive for IgG anti-PR3 antibodies, consistent with previous
studies (25). We confirmed a cytoplasmic staining pattern in se-
lected IgA anti-PR3–positive samples using immunofluorescence
assays. IgA and IgG ANCA both targeted PR3 instead of mye-
loperoxidase (MPO), defined by antigen-specific ELISA. Capture

Fig. 1. IgA ANCA, IgG ANCA, and their Fc receptors influence neutrophil activity. (A) Human IgG and IgA anti-PR3 containing antibody fractions impact
degranulation in neutrophils from healthy donors (n = 4) measured as change in CD11b surface expression by flow cytometry. These differences in de-
granulation were compared with stimulation with IgG and IgA antibody fractions not containing anti-PR3. (B) When stratifying by FCAR genotype
(rs16986050), the homozygous G allele, which results in a proinflammatory response, was associated with a higher percentage of cells with NET formation
when stimulated with IgA anti-PR3 antibody fractions (P = 0.008). Stimulating with media or antibody fractions from healthy controls was used as a negative
control. Phorbol myrisitate acetate (PMA) was used as a positive control. (C) When stratifying by FCGR3B NA1/NA2 genotype, the more proinflammatory NA1
genotype results in a higher percentage of cells with NET formation when stimulated by IgG anti-PR3 antibodies (P = 0.003). (D) Stimulating with IgA anti-PR3
antibody fractions can reduce the NET formation potential of IgG ANCA stimulation in a genetically dependent manner. Stimuli included antibody fractions
from healthy controls, antibody fractions from IgG anti-PR3–positive patients, and a combination of antibody fractions from an IgG anti-PR3–positive patient
and an IgA anti-PR3–positive patient. The presence of the A allele of rs16986050 in FCAR significantly reduced the potential of IgG anti-PR3 antibodies to
induce NET formation when costimulated with IgA anti-PR3 antibodies (P = 0.0001).
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ELISAs using recombinant PR3 as antigen, with previously de-
scribed methods (26), detected IgA anti-PR3 antibodies in 11 of
35 GPA patients (31.4%) from theMayo Clinic (Rochester, MN),
replicating a similar prevalence with independent samples and
techniques.
We next determined the relationship of IgA anti-PR3 anti-

bodies to renal and upper-airway manifestations. Within WGGER,
11.5% of IgA anti-PR3–negative patients developed severe chronic
renal disease requiring dialysis, compared with 4.5% of IgA anti-
PR3–positive patients (P = 0.059). Within VCRC, 20.8% of IgA
anti-PR3–negative patients developed severe chronic renal disease
requiring dialysis, compared with 4.9% of IgA anti-PR3–positive
individuals (P = 0.006). Among WGGER patients, severe renal
damage was defined as an irreversible dialysis requirement (end-
stage renal disease), but among VCRC patients, severe renal dis-
ease may have improved reversing the requirement for dialysis.
Mucosal upper airway inflammation occurred in 98.0% of IgA

anti-PR3–positive patients compared with 81.9% of IgA anti-PR3–
negative patients inWGGER (P= 0.004). Within VCRC samples,
development of ear-nose-throat involvement was not significantly
stratified by presence of IgA anti-PR3 antibodies (84% vs. 86%).
Therefore, the presence of IgA anti-PR3 antibodies is less fre-
quently observed in individuals with severe renal disease and more
common with mucosal upper airway manifestations.

Inflammatory Allele of FCAR Associates with Renal Disease in GPA.
We genotyped eight haplotype-tagging SNPs (htSNPs) covering
FCAR (CD89) in patients withGPA and healthy controls. A coding
SNP that alters the cytoplasmic tail of CD89, rs16986050, was as-
sociated with overall susceptibility to GPA (P = 0.00005, odds
ratio: 1.61, 95% confidence interval: 1.27–2.05). Furthermore, its G
allele, which generates an increased inflammatory response to IgA,
was found in 18.9% patients with renal disease compared with
10.9% of patients with GPA without any renal manifestation (P=
0.01) (Table 2). Like FCGR3B, there were also significantly dif-
ferent frequencies for the proinflammatory allele between the
mucosal upper airway involvement (15.4%) and nonmucosal
(21.6%) patient groups (P= 0.02). We did not detect a significant
difference in allele frequency among other htSNPs in FCAR.

Neutrophil Activation Studies. To characterize IgA and IgG ANCA
as neutrophil activation stimuli, we incubated neutrophils in blood
from healthy donors (n = 4) with column-purified IgA and IgG
antibody fractions from patients with known high anti-PR3 titers
and fromANCA-negative controls.We thenmeasured the percent
increase of degranulation marker expression (CD11b) by flow
cytometry. Neutrophil stimulation by the IgG anti–PR3-containing

antibody fraction resulted in a 100% CD11b increase compared
with isotype control IgG; however, stimulation with the IgA anti-
PR3–containing antibody fraction led to virtually no change in
CD11b compared with control IgA (Fig. 1A), indicating that
neutrophil activation is enhanced by stimulation from IgG ANCA
but not IgA ANCA. Because activation was measured in neu-
trophils from donors with the more common yet less inflammatory
FCAR A allele of rs16986050, we repeated using donors with the
proinflammatory variant and found that IgA anti-PR3 antibody
containing fractions can increase neutrophil degranulation, albeit
in an allele-specific manner.
In addition to degranulation, when IgG ANCA stimulate neu-

trophils they release chromatin fibers known as NETs, which
promote renal inflammation in small vessel vasculitis (27). We
stimulated isolated neutrophils with IgA anti-PR3–containing
fractions and observed enhanced NET formation in individuals
with the proinflammatory FCAR allele (P = 0.008) (Fig. 1B and
Fig. 2). Stimulation with IgG anti-PR3–containing fractions
increases NET formation in FCGR3B NA1-homozygotes more
than NA2-homozygous individuals (P = 0.003) (Fig. 1C).
When we stimulated neutrophils with IgA and IgG anti-PR3–

containing fractions simultaneously, we measured a reduction in
NET formation that was dependent upon FCAR genotype (P =
0.0001) (Fig. 1D) and a change in CD11b expression that was re-
duced compared with stimulation with the IgG anti-PR3 fraction
alone (P = 0.031) (Fig. 1A).

Conclusions
The pathogenesis of GPA is complex, involving multiple genetic
and environmental factors (5). Our finding of IgA ANCA in
patients with GPA, their association with clinical presentation,
and the genetic predisposition conferred by their cognate re-
ceptor, uncover unique pathogenic mechanisms and offer a pre-
viously undescribed framework for understanding the biology of
ANCA and GPA. Additional study of IgA ANCA, IgG ANCA,
and FcR genotypes may leverage this framework to develop fu-
ture prognostic tools and point to novel therapeutic interventions.
The role of ANCA in GPA appears dependent upon inter-

actions with FcRs. When neutrophils are simultaneously stimu-
lated with IgG ANCA and FcR blocking agents, such as the IgG:
FcR engagement-inhibiting peptide TG19320 or soluble IgG
FcRs (FCGR2A/FCGR2B), there is a dose-dependent reduc-
tion in degranulation measured as change in CD11b expression,
demonstrating IgG ANCA activation signals via a FcR (28). We
found that genotypes of one such FcR, specifically the NA1 allele
of FCGR3B, influences development of severe renal disease,
suggesting therapeutic opportunities for FcR blockers such as
TG19320 in GPA-related renal disease, particularly in NA1-
positive patients. The mechanisms underlying the effects of IgA
ANCA on inflammation also likely involve FcR engagement,
given the different levels of NET formation among individuals
according to the presence of the functional FCAR allele
(rs16986050). In addition, the dual inhibiting/activating potential
of FCAR to regulate immunoreceptor tyrosine-based activation
motif (ITAM) function (16), or cross-regulation between ITAM-
containing receptors, such as FcRs (29), may provide a mecha-
nism for IgA ANCA and FcRs to modulate disease severity.
The role of ANCA in GPA also involves more than the IgG

isotype. Although IgA ANCA are underrepresented in patients
with severe renal disease, their contribution to the pathogenesis
of GPA involves interaction with both IgG ANCA and FcRs. IgA
ANCA may compete with IgG ANCA for PR3 binding, and
therefore limit IgG ANCA engagement, subsequent neutrophil
activation, and resulting renal damage, given the robust neu-
trophil response to IgG ANCA stimulation and the reduced
neutrophil activation when stimulated by both antibody classes.
Such evidence that IgA ANCA can reduce IgG ANCA-related
proinflammatory neutrophil responses suggests potential for

Fig. 2. Fluorescent microscopy displaying NET formation based on 180-min
stimulation with control serum, PMA-positive control, IgA anti-PR3 antibody
fractions, and IgG anti-PR3 antibody fractions.
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IgA:FcR-based therapies. The cytoplasmic tail of FCAR can
signal via Bruton a-γ-globulinemia tyrosine kinase (BTK) acti-
vation in an allele-dependent manner. Because the FCAR SNP
we associated with renal severity influences cytoplasmic tail
function, a BTK inhibitor currently in preclinical testing for
autoimmune diseases may provide another treatment option for
GPA (30). Furthermore, given the fluctuation in IgA anti-PR3
antibody levels (and presence) within individual patients mea-
sured at sequential office visits, similar to that observed with IgG
ANCA (6, 31), the prevalence of IgA ANCA in GPA may be
higher than reported and impact disease pathogenesis in a
greater percentage of patients.
The pathogenesis of GPA is complex and multifaceted, in-

volving more than IgA and IgG ANCA-induced neutrophil acti-
vation. Factors influencing NET degradation, such as inhibitors
(e.g., antibodies) preventing DNase1 break-down of NETs, which
are implicated in lupus nephritis (32), may be important in auto-
immune renal diseases such as GPA. Understanding such addi-
tional aspects of the etiology of GPA, along with appreciating
a role for IgA ANCA, IgG ANCA, and their respective FcRs,
may provide new insights into the pathogenesis and suggest new
options for the diagnosis and treatment of granulomatosis with
polyangiitis.

Methods
All patients were recruited with informed consent with the approval of each
respective Institutional Review Board. Genomic DNAwas isolated from EDTA-
treated whole blood using the PureGene DNA Isolation Kit (Gentra Systems)
and plasma removed by standard methods. After extraction, genomic DNA,
buffy coats, and plasma were stored at −80 °C.

ELISAs were performed in duplicate following themanufacturer’s protocol
on QUANTA Lite PR-3 and MPO ELISA kits (INOVA Diagnostics). Because IgA
anti-PR3/anti-MPO positivity is a unique finding in GPA, the manufacturer’s
protocol does not evaluate IgA. We substituted with a manufacturer-pro-
vided HRP IgA conjugate validated for the Gliadin IgA ELISA kit (INOVA). For
IgG, the kits establish positivity by comparing patient specific spectropho-
tometric values to those measured from provided standards (low and high
positive). To determine a positive cutoff value for IgA, we first performed
ELISAs (both IgA and IgG) on 90 WGGER control samples; we defined a
positive threshold as a value above the average spectrophotometric values
(OD450) from the 90 controls plus two SDs. To test this definition, we applied
it to all IgG-based ELISAs and found 98% agreement between this method
and the manufacturer’s method to define positivity. For replication, c-myc
capture ELISAs using recombinant PR3 as antigen were performed on 35
patients with GPA taken from the Wegener’s Granulomatosis Etanercept
Trial (33) in a separate laboratory (the Mayo Clinic) (34).

Immunofluorescence assays were performed using neutrophil substrate
fromNOVA Lite ANCA (INOVA) and read on aNikonfluorescencemicroscope.
We used goat anti-human anti-IgG conjugated with FITC (INOVA) and goat
anti-human anti-IgA conjugated with Texas Red (Southern Biotech) as
secondary antibodies.

Genotyping of htSNPs spanning FCAR was performed using an Illumina
GoldenGate BeadXpress system following all manufacturer’s protocols on 463
Caucasian patients and 413 Caucasian controls from WGGER and using Pyro-
sequencing (Qiagen) for 261 Caucasian patients from VCRC. htSNPs were se-
lected using pair-wise comparisons with the Tagger algorithm using a r2

threshold of 0.8 and minor allele frequencies ≥ 0.05 in the HapMap Caucasian
population. SNPs genotyped included: rs11666735, rs12975083, rs16986050,
rs1865096, rs2304225, rs3816051, rs4806608, and rs7259347. One SNP
(rs11666735) was not compatible with Illumina and was genotyped with a
TaqMan assay (Applied Biosystems) using an ABI7900HT. All SNPs were in
Hardy–Weinberg equilibrium. Assays to determine FCGR3B genotype were
performed as previously described (28). In brief, we used allele-specific PCR

reactions and direct sequencing of gene-specific amplicons to determine the
FCGR3B NA1 and NA2 alleles. The PCR products were gel purified with the
QIAquick Gel Extraction Kit before sequencing. Sequencing was performed
on an Applied Biosystems 377. Determination of CNV at FCGR3B was de-
termined by Pyrosequencing (Qiagen).

For neutrophil activation studies that measured degranulation (CD11b
surface expression), we examined neutrophils in washed whole blood (28). In
short, EDTA anticoagulated blood was chilled to 4 °C, washed twice in
modified PBS (125 mM sodium chloride, 10 mM phosphate, 5 mM potassium
chloride, 5 mM glucose, pH 7.35) kept at 4 °C, and then resuspended in the
original volume. Washed cells were preincubated for 40 min at 37 °C to
induce cell surface expression of PR3. Aliquots were then incubated with or
without anti-PR3 mAb CLB 12.8 (10 μg/mL) or anti-PR3 containing antibody
fractions for 45 min. We purchased anti-CD11b monoclonal antibodies from
Caltag and anti-PR 3 mAb CLB 12.8 (mIgG1) from Research Diagnostics. Hu-
man anti-PR3 containing antibody fractions (IgA and IgG) were jacalin and
protein G Sepharose column purified from two patients with known high
measurements of anti-PR3 antibody; each sample was further reversely de-
pleted to avoid contamination. We confirmed the isolation by SDS/PAGE and
Western blot using Fcα- and Fcγ-specific antibodies (Jackson ImmunoR-
esearch Laboratories) and confirmed reactivity with anti-PR3 ELISA. Endo-
toxin levels in all reagents were below detection limits by the limulus
ameobocyte assay (Sigma). After stimulation with antibody fractions, sam-
ples were then treated with FACS Lysing Solution (Becton Dickinson Immu-
nocytometry) for 10 min at room temperature, washed once, and analyzed
by flow cytometry (FACSCaliber; Becton Dickinson). Neutrophils were iden-
tified by characteristic light-scatter properties and FCGR staining with mAbs
IV.3 and 3G8 (Medarex). As previously reported, cell-surface expression of
PR3 displayed a bimodal pattern that confirmed presence of ANCA target
(28). Analysis of flow cytometry data were performed using CellQuest
(Becton Dickinson). The results are expressed as mean fluorescence intensity
of the histogram data.

TomeasureNETs, neutrophils isolated via a Ficoll-Hypaquedensity gradient
(22) were primed with TNF and then IgA and IgG antibody fractions from
healthy controls and from patients with known high anti-PR3 ELISA titers
(either IgA or IgG), produced as described above. As previously reported, cell-
surface expression of PR3 displayed a bimodal pattern (28). Analysis of flow
cytometry data were performed using CellQuest (Becton Dickinson). The
results are expressed as mean fluorescence intensity of the histogram data.
These experiments were conducted using neutrophils isolated from three
healthy volunteer donors with each genotype of interest.

Genotype and allele frequencies were determined by direct counting.
Statistical analyses for genotype distribution were performed using χ2 for
genotype based analyses with Prism GraphPad v4.03. For statistical analysis
of neutrophil activation studies, we used a paired t test. To estimate sta-
tistical power to detect association at rs16986050, we calculated power as
0.9203 with α= 0.05 (35).
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