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ABSTRACT
Objective. The glycosylation status 
of autoantigens appears to be crucial 
for the pathogenesis of some autoim-
mune diseases, since carbohydrates 
play a crucial role in the distinction of 
self from non-self. Proteinase 3 (PR3), 
the main target antigen for anti-neu-
trophil cytoplasmic antibodies (ANCA) 
in patients with Wegener’s granuloma-
tosis (WG), contains two Asn-linked 
glycosylation sites. The present study 
explores the influence of the glycosyla-
tion status of PR3 on the PR3 recogni-
tion by ANCA in a well characterized 
population of patients with WG.
Methods. Forty-four patients with WG 
(459 serum samples) who participated 
in a multicenter randomized trial, were 
tested by capture ELISA for ANCA 
against PR3 and deglycosylated re-
combinant variants of PR3.
Results. The patients were followed for 
a median of 27 months, and the median 
number of serum samples per patient 
was 10. At baseline, the correlation be-
tween the levels of ANCA against PR3 
and against all the deglycosylated re-
combinant variants of PR3 were greater 
than 0.94 (ρ<0.001 for all the compari-
sons). Longitudinal analyses compar-
ing the levels of ANCA against PR3 ver-
sus all the deglycosylated recombinant 
variants of PR3, using linear mixed 
models, showed no significant statisti-
cal differences (ρ≥0.90 in all cases).
Conclusions. The glycosylation status 
of PR3 has no impact on its recognition 
by ANCA in WG.

Introduction
Proteinase 3 (PR3), a serine protease 
that is stored in granules of neutrophils 
and monocytes, is the main target anti-

gen for anti-neutrophil cytoplasmic an-
tibodies (ANCA) in patients with Wege-
ner’s granulomatosis (WG) (1-4). PR3 
contains two Asn-linked glycosylation 
sites, Asn-113 (Asn-Leu-Ser) and Asn-
159 (Asn-Val-Thr) (5). In a previous 
study, we found that glycosylation oc-
curs at both sites in native PR3 as well 
as in recombinant PR3 (rPR3), and that 
glycosylation at Asn-113 was critical 
for thermal stability and for optimal 
hydrolytic activity of PR3 (6). 
Gycosylation is the most common 
post-translational modification of pro-
teins (about 50 to 70% of human pro-
teins are subject to glycosylation), and 
important biological information is 
contained in spatially accessible car-
bohydrate structures of glycoproteins 
(7). Importantly, carbohydrates play 
a crucial role in the distinction of self 
from non-self (7), and variable post-
translational modifications of protein 
glycosylation affect the recognition 
of antigens by the immune system (8, 
9). Aberrant glycosylation may render 
target antigens more immunogenic 
by exposing cryptic epitopes (10, 11), 
while deglycosylated antigens may be 
more susceptible to proteases involved 
in the generation of autoantigenic pep-
tides (11, 12). Furthermore, for some 
autoimmune diseases, glycosylation of 
the target antigen seems to be a require-
ment for its antigenicity (13-15).
Since modifications of the PR3 mole-
cule affect the reactivity of ANCA and 
could provide important insight in the 
pathogenesis of WG, we conducted the 
present study to investigate the influ-
ence of the PR3 glycosylation status on 
the recognition of PR3 by ANCA in a 
well characterized longitudinal popula-
tion of patients with WG.
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Material and methods
Unless specified otherwise, all reagents 
were purchased from Sigma (St. Louis, 
MO). The 293 (adenovirus type 5 trans-
formed human embryonic kidney) cell 
line was obtained from ATCC (Rock-
ville, MD). Anti-c-myc coated 96-well 
ELISA plates (mouse anti-c-myc moAB) 
were purchased from Sigma (P 2241), 
and purified human neutrophil PR3 from 
Athens Research and Technology (Ath-
ens, GA, USA). The mouse monoclonal 
antibody (moAB) MCPR3-2 and the 
rabbit polyclonal antibody, both against 
human PR3 have been previously de-
scribed (16). The mouse moAB against 
the c-myc polypeptide, was purchased 
from Invitrogen (San Diego, CA).

c-DNA constructs and cell transfection
Fig. 1 shows the cDNA constructs used. 
Protein sequences are numbered based 
on the crystal structure correspondence 
with chymotrypsinogen A (5, 17).
The construct coding for Δ-rPR3-
S195A-c-myc, as well as their expres-
sion in serum-free culture media super-
natants of stably transfected 293 cells 
have been previously described (18). 
Clones of 293 cells transfected with 
Δ-rPR3-S195A-c-myc express tagged-
PR3.
The cDNA constructs for the degly-
cosylated variants, Δ-rPR3-N113Q/
N159Q-S195A-c-myc, Δ-rPR3-N113Q-
S195A-c-myc, and Δ-rPR3-N159Q-

S195A-c-myc were prepared with the 
Quick-Change Site-Directed Mutagene-
sis Kit (Stratagene, La Jolla, CA, USA). 
The primers are presented in Table I.
To generate Δ-rPR3-N113Q-S195A-
c-myc, the construct rPR3-c-myc was 
used as template (19), and the primers 
US181 and US182 were used to pro-
duce the mutation of asparagine-113 
to glutamine. Then the primers MactI 
and MactII were used to produce the 
mutation of serine-195 at the active 
site to alanine, and the primers US205 
and US206 were used to remove the 
six nucleotides coding for the amino-
terminal propeptide. Adherent 293 
cells were transfected using the cal-
cium phosphate precipitation method 

Fig. 1. Proteinase 3 and related cDNA constructs.
The transfection of 293 cells with rPR3 results in the expression of a protein in the serum free media that carries both the amino- and carboxy-terminal 
propeptides (19, 20), precluding the folding of PR3 into its mature conformation. Therefore, all the cDNA constructs used in this study do not code for the 
N-terminal propeptide, resulting in the expression of PR3 variants with a mature conformation (20). Additionally, all the constructs carry the mutation S195A, 
which results in lack of enzymatic activity without affecting their recognition by PR3-ANCA (20). The addition of the c-myc tag to the carboxy-terminus of 
PR3 also does not affect binding of PR3-ANCA (19). The constructs Δ-rPR3-N113Q-S195A-c-myc, and Δ-rPR3-N159Q-S195A-c-myc carry the mutations 
N113Q and N159Q coding for glutamine instead of the asparagine in position 113 and 159, respectively. As a result, their corresponding expressed proteins, 
tagged-PR3-G1 and -G2, do not carry a glycosylation residue in position 113 and 159, respectively. The construct Δ-rPR3-N113Q/N159Q-S195A-c-myc 
carries both mutations, expressing a protein, tagged-PR3-G0, without any Asn-linked sugar moieties. Protein sequences are numbered based on the crystal 
structure correspondence with chymotrypsinogen A (5, 17).
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(Stratagene) (20). Stable clones trans-
fected with Δ-rPR3-N113Q-S195A-
c-myc were selected in the presence 
of Zeocin (200 μg/mL) (Invitrogen, 
Carlsbad, CA), and express tagged-
PR3-G1.
Similarly, to generate Δ-rPR3-N159Q-
S195A-c-myc, the construct rPR3-
c-myc was used as template, and the 
primers US183 and US184 were used 
to produce the mutation of asparag-
ine-159 to glutamine. Then the prim-
ers MactI and MactII, and the primers 
US205 and US206 were used as in the 
previous construct. Adherent 293 cells 
were transfected using the calcium 
phosphate precipitation method (Strat-
agene) (20). Stable clones transfected 
with Δ-rPR3-N159Q-S195A-c-myc 
were selected in the presence of Zeocin 
(200 μg/mL) (Invitrogen, Carlsbad, 
CA), and express tagged-PR3-G2.
To generate Δ-rPR3-N113Q/N159Q-
S195A-c-myc, the construct, rPR3-
c-myc was used as template, and the 
primers US181 and US182, and US183 
and US184 were used to produce the 
mutation of asparagines-113 and -159 
to glutamine, respectively. The prim-
ers MactI and MactII, and the primers 
US205 and US206 were used as in the 
previous constructs. Adherent 293 cells 
were transfected using the calcium phos-
phate precipitation method (Stratagene) 
(20). Stable clones transfected with Δ-
rPR3-N113Q/N159Q-S195A-c-myc 
were selected in the presence of Zeocin 
(200 μg/mL) (Invitrogen, Carlsbad, 
CA), and express tagged-PR3-G0.

Detection of c-myc tagged proteins
Clones were screened for expression 
of c-myc tagged PR3 variants by cap-
ture ELISA of their serum-free culture 
media supernatants as previously de-
scribed (18). Plates coated with mouse 
anti-c-myc moAB (Sigma P2241) were 
used as the capturing antibody, and 
the rabbit polyclonal antibody against 
human PR3 was used as the detecting 
antibody.

Immunoblotting
Proteins were precipitated in 55% 
trichloroacetic acid, separated by SDS-
PAGE (12% gels) under reducing con-
ditions, transferred to nitrocellulose 
membranes, and probed with the mouse 
anti-c-myc antibody and with the 
mouse monoclonal antibody against hu-
man PR3 (MCPR3-2) for PR3 variants. 
Bound antibodies were detected using 
goat anti-mouse and goat anti-rabbit 
peroxidase conjugated antibodies (Bio-
Rad, Hercules, CA, USA) and the ECL 
chemiluminescence system (Amersham 
Biosciences, Buckinghamshire, UK).

Serum samples
Samples used in this study were ob-
tained from the Wegener’s Granuloma-
tosis Etanercept Trial (WGET), a mul-
ti-center, randomized, double-blind, 
placebo-controlled trial that evaluated 
etanercept for maintenance of remission 
in 180 patients with Wegener’s granulo-
matosis (21). Follow-up evaluations oc-
curred at baseline, after 6 and 12 weeks, 
and then every 3 months until the end 

of the trial. Two additional evaluations 
took place at 3 and 6 months after clo-
seout. During each visit, disease activi-
ty was measured using the Birmingham 
Vasculitis Activity Score for Wegener’s 
granulomatosis (BVAS/WG), and se-
rum samples were obtained, frozen, and 
stored at -80˚C. The WGET protocol 
was approved by the Institutional Re-
view Board at each participating center, 
and informed written consent was ob-
tained from all participants. Details of 
the study design, patient characteristics, 
and trial results have been published 
previously (21-23).

ANCA detection methods
Standard indirect immunofluorescence 
(IF), direct ELISAs for PR3-ANCA 
and MPO-ANCA using commercially 
available kits (Scimedx, Corporation, 
Denville, NJ) and the PR3-ANCA cap-
ture ELISA were performed as previ-
ously described (16, 20).
For detection of c-myc tagged PR3 var-
iants, a novel anti-c-myc capture ELI-
SA was used as described elsewhere 
(18). In this assay, plates commercially 
coated with mouse anti-c-myc moAB 
(Sigma P2241) are used to capture the 
c-myc tagged PR3 variants (antigens) 
present in the serum-free culture me-
dia supernatants of 293 cells. Bound 
antibodies from the patient sera are 
then detected with an alkaline phos-
phatase-conjugated goat anti-human 
IgG. Serum samples are run in singles; 
results are expressed as the net absorb-
ance, calculated by subtraction of the 
background values from the values ob-
tained from wells containing captured 
antigens (18).
Baseline serum samples were initially 
tested at first thaw by IF, direct ELISA 
for both PR3- and MPO-ANCA, and 
capture ELISA for PR3-ANCA, and 
all the serum samples from the 180 
patients were tested for tagged-PR3 
at first thaw (24). Serum samples were 
then tested for tagged-PR3-G0, -G1, 
and -G2 in parallel at second thaw. To 
minimize variability, all serum samples 
from an individual patient were run at 
once in the same plate, and the same 
lots of all reagents were used for all 
assays. All laboratory personnel were 
blinded to the clinical data.

Table I. Primers used for the preparation of the cDNA constructs coding for Δ-rPR3-N113Q/
N159Q-S195A-c-myc, Δ-rPR3-N113Q-S195A-c-myc, and Δ-rPR3-N159Q-S195A-c-myc.

Name Sequence 
US181 5’-GCAGCCCAGCCCAACTCAGTGCC-3’ sense
US182 5’-GGCACTGAGTTGGGCTGGGCTGC-3’ antisense
US183 5’-GCAGGAGCTCCAGGTCACCGTGG-3’ sense
US184 5’-CCACGGTGACCTGGAGCTCCTGC-3’ antisense
MactI 5´-ATCTGCTTCGGAGACGCCGGTGGCCCCCTGATC-3´ sense
MactII 5´-GATCAGGGGGCCACCGGCGTCTCCGAAGCAGAT-3´ antisense
US205 5´-GCCCGAGCTATCGTCGGC-3´ sense
US206 5´-GCCCACGATAGCTCGGGC-3´ antisense

The underlined nucleotides in US181 and US182 convey the mutation asparagine-113 to glutamine. 
The underlined nucleotides in US183 and US184 convey the mutation asparagine-159 to glutamine. 
The underlined nucleotides in MactI and MactII convey the mutation of serine-195 at the active site 
to alanine. US205 and US206 were used to remove the six nucleotides coding for the amino-terminal 
propeptide of proteinase 3.
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Statistical methods
All analyses were performed using 
SAS® (version 9.1; SAS Institute, Inc, 
Cary, NC). Descriptive data were sum-
marized as mean (standard deviation, 
SD), median (interquartile range, IQR), 
or percentages. The baseline character-
istics of the patients included in this 
study were compared to the excluded 
patients by the Student’s t-test (or the 
rank sum test) for continuous variables 
or by the Chi-square test (or Fisher’s 
exact test) for categorical variables.
Comparisons of baseline anti-c-myc 
capture ELISA for tagged-PR3-G0, 
-G1, and -G2, and tagged-PR3 were 
assessed using Pearson correlation. 
Longitudinal analyses were performed 
using mixed linear models (PROC 
MIXED) to further assess whether anti-
c-myc capture ELISA for tagged-PR3-
G0, -G1, and -G2 changed differential-
ly over time compared to anti-c-myc 
capture ELISA for tagged-PR3. Since 
not all patients had data available for 
all visits, this analysis was performed 
using all available data and was re-
peated using data from only the first 24 
months and also from only the first 12 
months. In all cases, two-tailed p-val-
ues ≤0.05 were considered statistically 
significant.

Results
Expression of recombinant c-myc 
tagged PR3 variants in 293 cells
Figure 2 shows the expression of the 
c-myc tagged PR3 variants by immuno-
blotting. As expected, because of the c-
myc tag incorporation, all these variants 
have a higher molecular mass compared 
to purified human PR3 (left upper pan-
el). Probing the blotted proteins with the 
mouse anti-c-myc antibody confirmed 
that these variants carry the c-myc tag 
(left lower panel). Additionally, all c-
myc tagged deglycosylated variants 
could be captured by ELISA using 
plates coated with anti-c-myc moAb 
(right panel). This assay was also used 
to determine the optimal dilution of 
serum-free culture media supernatant 
containing c-myc tagged deglycosylat-
ed PR3 variants to be used in the c-myc 
capture ELISA for subsequent ANCA 
detection. Saturation of the binding ca-
pacity of the mouse anti-c-myc moAB 

Fig. 2. Expression of c-myc tagged deglycosylated variants of PR3 in 293 cells.
All the c-myc tagged deglycosylated variants of PR3 carry indeed the c-myc tag extension, in contrast 
to purified native PR3. The upper panel shows purified human PR3 and all the c-myc tagged degly-
cosylated variants of PR3 when probed with MCPR3-2, a mouse monoclonal antibody against human 
PR3 (anti-PR3). In the lower panel, all c-myc tagged deglycosylated variants of PR3 could be detected 
when probed with the mouse monoclonal antibody against the c-myc tag polypeptide (anti-c-myc), but 
not purified human PR3. Proteins were precipitated in 55% trichloroacetic acid and separated by SDS-
PAGE (12% gels) under non-reducing conditions. The right panel show the saturation curves of the 
serum-free culture media supernatants of 293 cells transfected with the c-myc tagged deglycosylated 
variants of PR3, using plates coated with mouse monoclonal antibody anti-c-myc (Sigma P2241) as the 
capturing antibody, and using the rabbit polyclonal antibody against human PR3 as detection antibody. 
PR3: Purified human PR3. t-PR3: tagged-PR3 from Δ-rPR3-S195A-c-myc transfected 293 cells. t-
PR3-G0: tagged-PR3-G0 from Δ-rPR3-N113Q/N159Q-S195A-c-myc transfected 293 cells. t-PR3-G1: 
tagged-PR3-G1 from Δ-rPR3-N113Q-S195A-c-myc transfected 293 cells. t-PR3-G2: tagged-PR3-G2 
from Δ-rPR3-N159Q-S195A-c-myc transfected 293 cells.

Table II. Characteristics of the patients at baseline.

Characteristic Included Excluded p-value
 (n= 44) (n= 136) 

Age (years)-median (IQR) 48 (38-62) 52 (41-62) 0.576
Male gender, n. (%) 24 (55) 84 (62) 0.396
Whites, non-Hispanic, n. (%) 39 (89) 127 (93) 0.479
Limited disease, n. (%) 16 (36) 36 (26) 0.208
Disease newly diagnosed at enrolment, n. (%) 14 (32) 66 (49) 0.052
Time since diagnosis (months) - median (IQR) 14 (1-42) 3 (1-32) 0.082
Etarnecept 24 (55) 65 (48) 0.436
BVAS/WG - median (IQR) 6 (4-10) 6 (4-10) 0.302
Organ involvement, n. (%)   
     General 32 (73) 97 (71) 0.856
     Cutaneous 7 (16) 29 (21) 0.435
     Mucous membranes/eyes 15 (34) 32 (24) 0.116
     Ear, nose and throat 33 (75) 105 (77) 0.764
     Cardiovascular 0 (0) 2 (1) 1.000
     Gastrointestinal 0 (0) 2 (1) 1.000
     Pulmonary 23 (52) 85 (62) 0.229
     Renal 21 (48) 76 (56) 0.346
     Nervous system 2 (5) 15 (11) 0.250
Creatinine (mg/dL)-median (IQR) 1.1 (0.8-1.3) 1.1 (0.9-1.8) 0.144
Sedimentation rate (mm)-median (IQR) 22 (10-46) 25 (13-47) 0.479
C-ANCA (IF), n. (%) 32 (73) 104 (76) 0.612
P-ANCA (IF), n. (%) 6 (14) 18 (13) 0.946
PR3-ANCA direct ELISA, n. (%) 32 (73) 101 (74) 0.841
MPO-ANCA direct ELISA, n. (%) 4 (9) 5 (4) 0.225
PR3-ANCA capture ELISA, n. (%) 32 (73) 104 (76) 0.616
tagged-PR3 anti-c-myc capture ELISA, n. (%) 35 (80) 113 (83) 0.593

BVAS/WG: Birmingham Vasculitis Score for Wegener’s Granulomatosis; IQR: interquartile range.
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was achieved with a 1:1.3 dilution of 
tagged-PR3-G0 containing media, and 
1:2 dilution of both tagged-PR3-G1 
and tagged-PR3-G2 containing media. 
The saturation curve for tagged-PR3 
and the dilution (1:4) used in the c-myc 
capture ELISA have been previously 
described (18).

Patient characteristics
The original plan was to test all serum 
samples (1,846) of the 180 patients by 
anti-c-myc capture ELISA for tagged-
PR3-G0, -G1, and -G2, and to com-
pare them to tagged-PR3. However, 
because each serum sample was tested 
simultaneously for tagged-PR3-G0,      
-G1, and -G2, it became apparent af-
ter completing 44 patients chosen at 
random (24% of the whole cohort) that 
no meaningful difference was going to 
be found among these tests. Given the 
limited amount of serum available, and 
the need of serum for future studies, it 
was decided to limit the study to only 
these 44 patients. 
Demographics, clinical and serologi-
cal characteristics at baseline of the in-
cluded patients are presented in Table 
II. Compared to the excluded patients, 
there were no significant differences in 
any of the variables analyzed. These 
44 patients were followed for a median 
(IQR) of 27 (16-34) months, and the 

median (IQR) number of serum sam-
ples per patient was 10 (6-13). The full 
WGET cohort has been previously de-
scribed (21, 23). 
ANCA detection by anti-c-myc capture 
ELISA for tagged-PR3-G0, -G1, and 
-G2, compared to tagged-PR3
All the available 459 samples (25% of 
all the WGET samples) of the 44 pa-
tients included in this study were tested 
by the anti-c-myc capture ELISA for 
tagged-PR3-G0, -G1, and -G2 and for 
tagged-PR3.
The initial analysis consisted of a 
comparison of the anti-c-myc capture 
ELISA for tagged-PR3-G0, -G1, and -
G2 and the anti-c-myc capture ELISA 
for tagged-PR3 in the baseline serum 
samples. Very strong correlations were 
found between the anti-c-myc capture 
ELISAs for tagged-PR3-G0 and tagged-
PR3 (r=0.94, p<0.001), between the 
anti-c-myc capture ELISAs for tagged-
PR3-G1 and tagged-PR3 (r=0.96, 
p<0.001), and between the anti-c-myc 
capture ELISAs for tagged-PR3-G2 
and tagged-PR3 (r=0.95, p<0.001).
Separate comparisons of the longitu-
dinal changes in the ANCA levels ob-
tained by the anti-c-myc capture ELI-
SAs for tagged-PR3-G0 versus tagged-
PR3, by the anti-c-myc capture ELISAs 
for tagged-PR3-G1 versus tagged-PR3, 
and by the anti-c-myc capture ELISAs 

for tagged-PR3-G2 versus tagged-PR3 
for each patient were performed using 
linear mixed models. In all these com-
parisons, no difference in the pattern of 
change in the ANCA levels was found 
(p≥0.90 in all cases). Examples of indi-
vidual patients are presented in Figure 3.

Discussion
A previous immunoblot study showed 
that 5 sera from patients with WG, with 
high titers of PR3-ANCA, bound with 
similar affinity to neutrophil PR3 and 
to neutrophil PR3 treated with N-glyca-
nase, which releases all common class-
es of Asn-linked oligosaccharides (25). 
The authors concluded that the binding 
of ANCA to PR3 was independent of 
the Asn-linked glycosylation of PR3 
once it had assumed its disulfide bond 
constrained conformation. We found 
however, using a capture ELISA with 
lysates of human mast cells (HMC-1) 
expressing rPR3 with both, one or no 
Asn-linked glycans as antigens, that the 
binding of ANCA to PR3 was affected 
by the glycosylation status of the later 
in 8 of 40 (20%) patients with WG (6). 
Substantial differences in techniques 
used in these two studies may account 
for the apparent discrepancies. There-
fore, the present investigation was un-
dertaken to further analyze the clinical 
relevance of these findings. 

Fig. 3. Examples of patients 
tested over time for ANCA re-
activity with tagged-PR3 and 
tagged   deglycosylated vari-
ants of PR3
Each plot shows the levels of 
tagged-PR3 and tagged-PR3-
G0, -G1, and -G2 over time 
in four different patients. In 
all the cases, no differences in 
the pattern of change could be 
seen among these four deter-
minations. t-PR3: tagged-PR3. 
t-PR3-G0: tagged-PR3-G0. 
t-PR3-G1: tagged-PR3-G1. t-
PR3-G2: tagged-PR3-G2.
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In this longitudinal study we found that 
the glycosylation status of PR3 does 
not affect the recognition by ANCA. 
At baseline the correlations between 
ANCA targeting PR3 and all the degly-
cosylated variants of PR3 were very 
strong. Longitudinally, no significant 
differences were seen in the pattern of 
change of the levels of ANCA targeting 
PR3 and all its glycosylation variants. 
It is possible however, that small differ-
ences still exist between ANCA target-
ing PR3 and ANCA targeting the degly-
cosylated variants of PR3 (this might 
be an explanation for the findings of 
our previous study (6)), but since their 
levels over time almost overlaps, these 
differences are unlikely to have any 
clinical implications.
The present study has several impor-
tant strengths. The patients included in 
this study participated in a multi-center 
randomized trial, had active disease at 
enrollment, and were treated in a pro-
tocolized manner (21). The serum sam-
ples were tested in ideal conditions us-
ing a newly developed capture ELISA 
(18). This new assay is based on com-
mercially available covalently coated 
plates, which eliminates one operator-
dependent step from the procedure, 
improving the inter-assay coefficient 
of variation compared to standard cap-
ture ELISAs (18). This new anti-c-myc 
capture ELISA is based on the recog-
nition of a tag added to the antigen 
rather than the recognition of an anti-
gen by a monoclonal antibody, which 
can compete for an epitope recognized 
by ANCA, potentially causing a false-
negative result (18). We had previously 
shown that this tag does not change the 
conformation of PR3 or the binding of 
PR3-ANCA (19). Consequently, this 
assay has several advantages over other 
solid phase assays used commercially 
for PR3-ANCA detection (26, 27).
A potential limitation of this study is 
that not all the WGET patients were 
included. We believe however, that the 
results would have been the same if the 
entire cohort would have been included 
because the 44 analyzed patients were 
selected at random, without knowledge 
of their clinical characteristics, treat-
ment assignment or PR3-ANCA re-
activity, and additionally the baseline 

characteristics of the included and ex-
cluded patients were similar.
Our study demonstrates that the gly-
cosylation status of PR3 has no impact 
on its recognition by ANCA in serum 
from patient with WG. Furthermore, if 
PR3-ANCA recognizing different con-
formational epitopes of PR3 change in 
individual patients over time, our data 
indicate that the presence or absence of 
sugar side chains of PR3 does not affect 
the conformation of these epitopes.

Acknowledgements
This work was supported by the Na-
tional Institute of Arthritis and Mus-
culoskeletal and Skin Diseases, NIH 
R01-AR49806 (to U.S.) and funds 
from the Mayo Foundation. Dr Peikert 
was supported by NIH training grant 
T32-HL07897. The WGET trial was 
supported by the National Institute of 
Arthritis and Musculoskeletal and Skin 
Diseases, NIH N01-AR92240 and the 
Office of Orphan Products, FDA (grant 
FD-R-001652), General Clinical Re-
search Center Grants M01-RRO-00533 
(Boston University), M01-RRO-0042 
(The University of Michigan), MO1-
RR-30 (Duke University), and M01-
RRO-2719 (Johns Hopkins University 
School of Medicine), from the National 
Center for Research Resources/NIH. 
Drs Stone, Merkel, and St. Clair were 
supported by NIAMS grants K24 
AR049185-01, K24 AR2224-01A1, 
and K24 AR02126-04. Dr Stone was a 
Hugh and Renna Cosner Scholar at the 
Center for Innovative Medicine at the 
Johns Hopkins Bayview Medical Center.

References
  1. CSERNOK E, LUDEMANN J, GROSS WL, 

BAINTON DF: Ultrastructural localization of 
proteinase 3, the target antigen of anti-cyto-
plasmic antibodies circulating in Wegener’s 
granulomatosis. Am J Pathol 1990; 137: 
1113-20.

  2. JENNE DE, TSCHOPP J, LÜDEMANN J, 
UTECHT B, GROSS WL: Wegener’s autoanti-
gen decoded. Nature 1990; 346: 520.

  3. HOFFMAN GS, KERR GS, LEAVITT RY et al.: 
Wegener granulomatosis: an analysis of 158 
patients. Ann Intern Med 1992; 116: 488-98.

  4. REINHOLD-KELLER E, BEUGE N, LATZA U et 
al.: An interdisciplinary approach to the care 
of patients with Wegener’s granulomatosis: 
long-term outcome in 155 patients. Arthritis 
Rheum 2000; 43: 1021-32.

  5. JENNE DE, FRÖHLICH L, HUMMEL AM, 
SPECKS U: Cloning and functional expres-

sion of the murine homologue of proteinase 
3: implications for the design of murine mod-
els of vasculitis. FEBS Lett 1997; 408: 187-
90.

  6. SPECKS U, FASS DN, FINKIELMAN JD et al.: 
Functional significance of Asn-linked glyco-
sylation of proteinase 3 for enzymatic activ-
ity, processing, targeting, and recognition 
by anti-neutrophil cytoplasmic antibodies.          
J Biochem (Tokyo) 2007; 141: 101-12.

  7. BUZAS EI, GYÖRGY B, PASZTOI M, JELI-  
NEK I, FALUS A, GABIUS H: Carbohydrate 
recognition systems in autoimmunity.                    
Autoimmunity 2006; 39: 691-704.

  8. DOYLE HA, MAMULA MJ: Post-translational 
protein modifications in antigen recognition 
and autoimmunity. Trends Immunol 2001; 
22: 443-9.

  9. RUDD PM, ELLIOTT T, CRESSWELL P,          
WILSON IA, DWEK RA: Glycosylation and 
the immune system. Science 2001; 291: 
2370-6.

10. FILLIT H, SHIBATA S, SASAKI T, SPIERA H, 
KERR LD, BLAKE M: Autoantibodies to the 
protein core of vascular basement membrane 
heparan sulfate proteoglycan in systemic lu-
pus erythematosus. Autoimmunity 1993; 14: 
243-9.

11. GAHRING L, CARLSON NG, MEYER EL, 
ROGERS SW: Granzyme B proteolysis of a 
neuronal glutamate receptor generates an au-
toantigen and is modulated by glycosylation.           
J Immunol 2001; 166: 1433-8.

12. CASCIOLA-ROSEN L, ANDRADE F, ULAN-
ET D, WONG WB, ROSEN A: Cleavage by 
granzyme B is strongly predictive of autoan-
tigen status: implications for initiation of au-
toimmunity. J Exp Med 1999; 190: 815-26.

13. MCCORMICK TS, ROWLAND EC: Trypano-
soma cruzi: recognition of a 43-kDa muscle 
glycoprotein by autoantibodies present dur-
ing murine infection. Exp Parasitol 1993; 
77: 273-81.

14. SEETHARAMAIAH GS, DALLAS JS, PATI-
BANDLA SA, THOTAKURA NR, PRABHAKAR 
BS: Requirement of glycosylation of the hu-
man thyrotropin receptor ectodomain for its 
reactivity with autoantibodies in patients’ 
sera. J Immunol 1997; 158: 2798-804.

15. BLASS S, MEIER C, VOHR HW, SCHWOCHAU 
M, SPECKER C, BURMESTER GR: The p68 
autoantigen characteristic of rheumatoid ar-
thritis is reactive with carbohydrate epitope 
specific autoantibodies. Ann Rheum Dis 
1998; 57: 220-5.

16. SUN J, FASS DN, HUDSON JA et al.:                
Capture-ELISA based on recombinant PR3 is 
sensitive for PR3-ANCA testing and allows 
detection of PR3 and PR3-ANCA/PR3 im-
munecomplexes. J Immunol Methods 1998; 
211: 111-23.

17. FUJINAGA M, CHERNAIA MM, HALENBECK 
R, KOTHS K, JAMES MN: The crystal struc-
ture of PR3, a neutrophil serine proteinase 
antigen of Wegener’s granulomatosis anti-
bodies. J Mol Biol 1996; 261: 267-78.

18. LEE AS, FINKIELMAN JD, PEIKERT T, HUM-
MEL AM, VISS MA, SPECKS U: A novel cap-
ture-ELISA for detection of anti-neutrophil 
cytoplasmic antibodies (ANCA) based on 
c-myc peptide recognition in carboxy-termi-
nally tagged recombinant neutrophil serine 



S-51

Glycosylation of PR3 and ANCA / J.D. Finkielman et al.

proteases. J Immunol Methods 2005; 307: 
62-72.

19. CAPIZZI SA, VISS MA, HUMMEL AM, FASS 
DN, SPECKS U: Effects of carboxy-terminal 
modifications of proteinase 3 (PR3) on the 
recognition by PR3-ANCA. Kidney Int 2003; 
63: 756-60.

20. SUN J, FASS DN, VISS MA et al.: A proportion 
of proteinase 3-specific anti-neutrophil cyto-
plasmic antibodies only react with proteinase 
3 after cleavage of its N-terminal activation 
dipeptide. Clin Exp Immunol 1998; 114: 320-
6.

21. THE WGET RESEARCH GROUP: Etanercept plus 
standard therapy for Wegener’s granuloma-
tosis. N Engl J Med 2005; 352: 351-61.

22. THE WGET RESEARCH GROUP: Design of the 
Wegener’s granulomatosis etanercept trial 
(WGET). Control Clin Trials 2002; 23: 450-
68.

23. THE WGET RESEARCH GROUP: Limited versus 
severe Wegener’s granulomatosis: baseline 
data on patients in the Wegener’s granuloma-
tosis etanercept trial. Arthritis Rheum 2003; 
48: 2299-309.

24. FINKIELMAN JD, LEE AS, HUMMEL AM et 
al.: ANCA are detectable in nearly all pa-
tients with active severe Wegener’s granulo-
matosis. Am J Med 2007; 120: 643 e9-14.

25. WITKO-SARSAT V, HALBWACHS-MECAR-
ELLI L, ALMEIDA RP et al.: Characterization 
of a recombinant proteinase 3, the auto-       

antigen in Wegener’s granulomatosis and its 
reactivity with anti-neutrophil cytoplasmic 
autoantibodies. FEBS Letters 1996; 382: 
130-6.

26. HELLMICH B, CSERNOK E, FREDENHAG-
EN G, GROSS WL: A novel high sensitivity     
ELISA for the detection of antineutrophil 
cytoplasmic antibodies against proteinase-3. 
Clin Exp Rheumatol 2007; 25 (Suppl. 44): 
S1-5.

27. ITO-IHARA T, MUSO E, KOBAYASHI S et al.: 
A comparative study of the diagnostic accu-
racy of ELISA systems for the detection of 
anti-neutrophil cytolasm antibodies available 
in Japan and Europe. Clin Exp Rheumatol 
2008; 26: 1027-33.



S-52

Glycosylation of PR3 and ANCA / J.D. Finkielman et al.

Appendix

The WGET Research Group
WGET Chairman John H. Stone, MD, MPH (The Johns Hopkins Vasculitis Center)

WGET Co-Chairman Gary S. Hoffman, MD (The Cleveland Clinic Foundation Center for Vasculitis Research and Care)

Coordinating Center The Johns Hopkins University Center for Clinical Trials:
 Janet T. Holbrook, PhD, MPH, Director
 Curtis L. Meinert, PhD, Associate Director
 John Dodge, Systems Analyst
 Jessica Donithan, Research Coordinator 
 Nancy Min, PhD, Biostatistician
 Laurel Murrow, MSc, Trial Coordinator (former)
 Jacki Smith, Research Data Assistant
 Andrea T. Lears, BS, Trial Coordinator
 Mark Van Natta, MHS, Biostatistician 

Clinical Centers The Beth Israel Medical Center, New York: 
 Robert Spiera, MD Rosanne Berman, MPH
 Sandy Enuha, MPH 

 Boston University:
 Peter A. Merkel, MD, MPH Rondi Gelbard, BS
 Melynn Nuite, RN Aileen Schiller, MS 

 The Cleveland Clinic Foundation:
 Gary S. Hoffman, MD, MS David Blumenthal, MD
 Debora Bork, MFA Tiffany Clark, CNP
 Sonya L. Crook, RN Leonard H. Calabrese, DO
 Sharon Farkas Sudhakar Sridharan, MD
 Kimberly Strom, CNP William Wilke, MD

 Duke University:
 E. William St. Clair, MD Nancy B. Allen, MD
 Karen Rodin, RN Edna Scarlett 

 Johns Hopkins University: 
 John H. Stone, MD, MPH David B. Hellmann, MD
 Amanda M. Moore, BS Lourdes Pinachos, RN, BSN
 Michael J. Regan, MD, MRCP Misty L. Uhlfelder, MPH

 The Mayo Clinic:
 Ulrich Specks, MD Kristin Bradt
 Kimberly Carlson Susan Fisher, RN 
 Boleyn Hammel Kathy Mieras
 Steven Ytterberg, MD 

 University of California, San Francisco:
 John C. Davis, MD, MPH Maureen Fitzpatrick, MPH
 Ken Fye, MD Steve Lund, MSN, NP

 University of Michigan:
 Joseph McCune, MD Billie Jo Coomer, BS
 Barbara Gilson, RN Hilary Haftel, MD 
 Ana Morrel-Samuels, BA Sandra Neckel, RN 

Resource Centers The Johns Hopkins University Immune Diseases Laboratory: 
 Noel R. Rose, MD, PhD C. Lynne Burek, PhD
 Jobert Barin, BS Monica Talor, MS

Data and Safety Paul L. Canner, PhD, Maryland Medical Research Institute 
    Monitoring Board Doyt L. Conn, MD, Emory University (Safety Officer)
 Jack H. Klippel, MD, Arthritis Foundation (Chair)
 J. Richard Landis, PhD, University of Pennsylvania


