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SUMMARY 

Antineutrophil cytoplasmic antibodies (ANCA) appear to play an important role in the 

pathogenesis of ANCA-associated vasculitis (AAV).  Yet, ANCA alone are not sufficient to 

generate disease, and some evidence suggests that infectious triggers may serve as inciting 

events for AAV disease activity.  Antibodies of the IgM isotype often serve as markers of recent 

infection, and IgM ANCA have previously been identified in patients with AAV, though the 

frequency and clinical relevance of IgM ANCA is not well established.  We sought to better 

characterize IgM ANCA by creating a novel ELISA assay for IgM antibodies to proteinase 3 

(IgM PR3-ANCA), which we applied to two large, clinically well-characterized trial cohorts of 

patients with granulomatosis with polyangiitis and microscopic polyangiitis.  In the first cohort, 

IgM PR3-ANCA occurred with a frequency of 15.0%, and were associated with a higher degree 

of disease severity, and with a trend toward a higher rate of alveolar hemorrhage (29.6% versus 

15.7%, p=0.10).  Analysis of follow-up samples in this cohort showed that the presence of IgM 

PR3-ANCA was transient, but could recur.  In the second cohort, IgM PR3-ANCA occurred with 

a frequency of 41.1%, and were also associated with a higher degree of disease severity.  A 

higher rate of alveolar hemorrhage was observed among those with IgM PR3-ANCA (45.3% vs. 

15.8%; p<0.001).  The association of transient IgM PR3-ANCA with an acute respiratory 

manifestation of AAV suggests a possible link between an infectious trigger and AAV disease 

activity.   
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INTRODUCTION 

The antineutrophil cytoplasmic antibody (ANCA) -associated vasculitides (AAV) are defined by 

characteristic clinical and histopathologic features and the presence of ANCA in most 

patients(1).  However, patients with AAV present heterogeneously, to the extent that three 

separate clinicopathologic variants of AAV have been defined: granulomatosis with polyangiitis 

(GPA, formerly Wegener’s granulomatosis), microscopic polyangiitis (MPA), and eosinophilic 

granulomatosis with polyangiitis (EGPA, formerly Churg-Strauss syndrome).  Even within these 

syndromes the inflammatory activity can affect different organ systems in different patients, and 

in any single patient the organs affected and the severity of disease activity can vary over 

time(2). 

Our understanding of the pathogenesis of AAV has improved significantly over the last couple of 

decades, allowing a more targeted approach to therapy. Yet, many important questions remain 

unanswered.  In predisposed patients abnormal T- and B-lymphocyte regulation leads to the 

production of ANCA, and their role in neutrophil and monocyte activation seem to be crucial for 

the development of disease manifestations such as glomerulonephritis or pulmonary capillaritis.  

Yet, ANCA alone are not sufficient for the disease process to play out in full in humans(3-5).  

Moreover, the specific triggers of a primary ANCA immune response, such as infections, and the 

mechanisms subsequently leading to the loss of tolerance and persistence of ANCA in 

predisposed patients remain unclear.   

The most prevalent and best studied ANCA with accepted diagnostic utility are of the 

immunoglobulin (Ig) G isotype.  IgM ANCA and IgA ANCA have also been identified(6-9).  

Early studies investigating the clinical significance of the various ANCA isotypes suggested an 
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association of circulating IgM ANCA with certain disease manifestations, particularly alveolar 

hemorrhage(6, 10).  However, these associations and their clinical relevance were questioned by 

others(7, 11, 12).  Since these early reports on IgM ANCA were derived from rather small 

cohorts, and the theory of infections as triggering cofactors of disease development and activity 

has persisted for decades, we conducted the present study to revisit the prevalence and clinical 

associations of IgM PR3-ANCA in two large clinically well-characterized trial cohorts. 

 

MATERIAL AND METHODS 

Patient Populations 

The study population consisted of two cohorts.  The participants of the Wegener’s 

Granulomatosis Etanercept trial (WGET) comprised the first cohort, and the subset of 129 PR3-

ANCA positive subjects enrolled in the Rituximab versus Cyclophosphamide for AAV trial 

(RAVE) made up the second cohort.  We chose to study the two cohorts separately for two 

principle reasons: first, the entrance criteria of the two studies differed significantly, and so there 

is substantial heterogeneity between the two groups; second, the separation of the two cohorts 

provided the opportunity to test and validate associations identified in our study of the first 

cohort. 

The design of WGET, the baseline clinical characteristics of study participants, and the primary 

trial results have been described in detail elsewhere(13, 14).  Briefly, WGET was a multicenter, 

randomized, placebo-controlled trial that evaluated the use of etanercept for remission 

maintenance in GPA.  The WGET study population consisted of 180 patients who were enrolled 
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at 8 centers across the United States.  Each patient who enrolled in WGET met the following 

criteria: (1) the diagnosis of GPA was supported by fulfilling at least 2 of the 5 modified 

American College of Rheumatology criteria for the classification of Wegener granulomatosis, 

and (2) there was evidence of disease activity within 28 days of enrollment, with a Birmingham 

Vasculitis Activity Score for Wegener Granulomatosis (BVAS/WG) of at least 3(15). 

The details of the design of RAVE, along with the participants’ baseline clinical data and the 

trial’s primary results have been reported elsewhere(16, 17).  Briefly, RAVE was a multicenter, 

randomized, double placebo-controlled trial that compared the efficacy and safety of rituximab 

with cyclophosphamide for remission induction in severe AAV.  The RAVE study population 

consisted of 197 patients enrolled at 8 centers in the United States and one center in the 

Netherlands.  All patients met 1994 Chapel Hill Consensus Conference definitions for the 

diagnosis of GPA or MPA, had positive serum assays for PR3-ANCA or MPO-ANCA at the 

time of enrollment, had active disease with a minimum BVAS/WG of 3, and had received 

glucocorticoids for no longer than 14 days prior to study screening.  In addition, all patients were 

classified as having “severe” AAV, defined as disease activity involving a vital-organ and posing 

an immediate threat to that organ’s function or to the patient’s life.   

 

Patient Evaluations and Sample Collections 

Patients in WGET were evaluated during study visits that occurred at baseline, after 6 and 12 

weeks, and then every three months until the trial ended(14).  RAVE participants were evaluated 

during study visits at baseline, and then on a regular schedule for at least 18 months(17).  At 

every study visit disease activity was measured using the BVAS/WG instrument, and serum 
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samples were drawn, in both WGET and RAVE.  Serum samples were frozen and stored at -80º 

C. 

ANCA Assays 

IgG ANCA assays had previously been performed in both study cohorts using standard 

immunofluorescence and enzyme immunoassays(4, 5, 17, 18).  A novel capture ELISA was 

designed to detect PR3-ANCA of the IgM isotype in patient serum.  The capture ELISA used 

poly-His tagged recombinant PR3 (rPR3)(19) bound to nickel-coated plates to test for anti-rPR3 

reactivity in serum samples diluted 1:20 in TBS buffer containing 0.5% BSA.  The presence of 

IgM antibodies bound to rPR3 were detected using a goat anti-human IgM (µ-chain specific)-

alkaline phosphatase antibody (Sigma-Aldrich), diluted 1:20,000 in TBS buffer containing 0.5% 

BSA.  The assay’s cut-off value for a positive result was determined by performing the test on 37 

samples drawn from patients who had previously tested negative for PR3-ANCA by standard 

clinical assays for IgG PR3-ANCA.  All 37 of these samples were derived from waste material 

from the clinical immunology laboratory at Mayo Clinic, Rochester, Minnesota.  In each 

instance, PR3-ANCA testing had been ordered by a treating clinician, and the result had been 

negative.  The cut-off value for a positive result for the novel IgM PR3-ANCA capture ELISA 

was set 4 standard deviations above the mean of the assay’s results from these 37 samples.  This 

conservative cut-off value was chosen to minimize the problem of borderline positivity. 

To assess the epitope specificity of IgM PR3-ANCA we used monoclonal antibodies with 

defined PR3 epitope specificity as capturing antibodies in capture ELISAs as previously 

described for IgG ANCA detection(20-22).  Immulon strips were coated with the monoclonal 
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antibodies MCPR3-2, MCPR3-3 or MCPR3-7 prior to loading the rPR3 antigen.  Bound IgM 

PR3-ANCA was detected as described above.    

Statistical Analysis 

Continuous variables are presented as median (interquartile ranges (IQR)) and categorical 

variables are presented as counts and percentages, unless otherwise specified.  Associations 

between binary measures were performed with the use of Fisher’s exact test, as appropriate, 

while associations between continuous variables were performed with Wilcoxon rank sum test.  

Statistical analyses were performed using JMP 10.0.  

 

RESULTS 

IgM PR3-ANCA in the WGET Cohort 

Serum samples from the baseline visit were available for all 180 patients enrolled in WGET.  

The key clinical characteristics of this cohort are summarized in Table 1.  A full description of 

the cohort’s baseline clinical and disease characteristics has been published elsewhere(14).  The 

cohort included patients with both severe (71.1%) and limited or non-severe (28.9%) GPA, and 

patients in whom enzyme immunoassay testing for IgG PR3-ANCA had been either positive 

(72.8%) or negative (27.2%). 

Twenty-seven of the 180 WGET baseline samples (15.0%) tested positive for IgM PR3-ANCA.  

IgM PR3-ANCA were detected among subjects with both limited and severe disease as well as 
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with both newly- and previously-diagnosed GPA, but only among those who had been found to 

have IgG PR3-ANCA by standard clinical assays (Table 2). 

The disease activity at baseline was higher among patients who tested positive for IgM PR3-

ANCA (median (IQR)  BVAS/WG of 7.5 (5-12)) compared to those who tested negative 

(BVAS/WG of 6 (4-8.5); p=0.02)  (Figure 1).  

The organ systems involved by GPA did not differ according to IgM PR3-ANCA status, but 

there was a notable trend toward more frequent alveolar hemorrhage among those who tested 

positive for IgM PR3-ANCA.  Alveolar hemorrhage was diagnosed at baseline in 8 of the 27 

patients (29.6%) who tested positive for IgM PR3-ANCA, as compared to 24 of the 153 patients 

(15.7%) who tested negative (p=0.10).  This trend was also seen when the analysis was restricted 

to the 128 WGET patients with severe GPA, who are more likely to have detectable ANCA(18).  

Among the 128 patients with severe GPA, alveolar hemorrhage was diagnosed in 8 of the 19 

patients (42.1%) with a positive IgM PR3-ANCA test result and 24 of the 109 patients (22.0%) 

who tested negative (p=0.08). 

Among the 32 WGET patients who had been diagnosed with alveolar hemorrhage at the baseline 

visit, further IgM PR3-ANCA assays were performed on serum samples from all available 

subsequent study visits, as summarized in Figure 2.  Twenty-four of these 32 patients had tested 

negative for IgM PR3-ANCA at the baseline visit, and the test remained negative for all 24 

patients at all follow-up visits.  The remaining 8 patients had tested positive for IgM PR3-ANCA 

at the baseline visit.  On follow-up, only 1 of the 8 patients had a persistently positive IgM PR3-

ANCA test at the week-6 visit, and that patient’s test converted to negative at the week-12 visit.  

Subsequently, IgM PR3-ANCA reemerged in 4 of the 8 patients. 

Page 8 of 52Clinical Experimental Immunology

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rt
ic

le
 

 

IgM PR3-ANCA in GPA and MPA (Revised)  Page 8 

Among the 4 WGET patients who were diagnosed with alveolar hemorrhage at baseline and who 

tested positive for IgM PR3-ANCA at multiple time points during the study, the target epitopes 

of the identified IgM PR3-ANCA were studied further.  In 1 of the 4 patients, the IgM PR3-

ANCA epitope target appeared to remain constant over time, but epitope variability was apparent 

in serial samples from the remaining 3 patients.  The longitudinal results from 2 of the 4 patients 

are represented in Figure 3, which displays the capture ELISA results for both IgG and IgM 

PR3-ANCA at each sequential study encounter, and shows the epitope binding pattern of the 

IgM PR3-ANCA for each instance at which it is detected.  Two key points are highlighted in 

Figure 3. First, the longitudinal ELISA results show that the waxing and waning of IgM and IgG 

PR3-ANCA levels appear independent.  That is, the emergence and disappearance of IgM PR3-

ANCA in an individual does not simply follow the rise and fall of the overall ANCA level.  The 

second point highlighted in Figure 3 is that the epitope binding pattern of the IgM PR3-ANCA 

can change (as seen in patient 1) or remain stable (as seen in patient 2) over time. 

 

IgM PR3-ANCA in the RAVE Cohort 

The RAVE cohort was used to further investigate the most interesting observation made in the 

WGET cohort: the potential association between the presence of IgM PR3-ANCA and the 

diagnosis of alveolar hemorrhage.  Serum samples from all 129 RAVE patients who had tested 

positive for IgG PR3-ANCA by standard clinical assays were included in the cohort.  The key 

clinical characteristics of the cohort are summarized in Table 1.  As a condition of inclusion in 

the RAVE trial, all patients had severe GPA or MPA.  Thirty-six of the 129 PR3-ANCA positive 

patients (27.9%) were diagnosed with alveolar hemorrhage at the baseline visit. 
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The IgM PR3-ANCA assay was performed on serum samples obtained at the baseline visit.  IgM 

PR3-ANCA were detected in 53 of the 129 patients (41.1%).  As had been observed in the 

WGET cohort, those who tested positive for IgM PR3-ANCA had higher levels of disease 

activity as compared to those who tested negative (Figure 4).  The median (IQR) baseline 

BVAS/WG was 9 (6-10) among those who tested positive for IgM PR3-ANCA and 7 (5-9.75) 

among those who tested negative (p=0.05).  As with the WGET cohort, the frequencies of newly-

diagnosed and recurrent AAV were similar among patients with and without IgM PR3-ANCA.  

The rate of newly-diagnosed AAV was 35.8% among patients who tested positive for IgM PR3-

ANCA and 38.2% among patients who tested negative (p = 0.85). 

Alveolar hemorrhage was diagnosed nearly three times more frequently among those who tested 

positive for IgM PR3-ANCA as compared to those who tested negative (45.3% vs. 15.8%; 

p<0.001).  In contrast, the frequency of major renal disease at baseline was similar among 

patients who tested positive for IgM PR3-ANCA as compared to those who tested negative 

(47.2% versus 42.1%; p=0.59). 

 

DISCUSSION  

With the use of a novel assay for IgM PR3-ANCA, we have shown that ANCA of the IgM 

isotype are present in certain patients with active AAV, and that the presence of IgM PR3-

ANCA is associated with increased disease activity and with alveolar hemorrhage.  To our 

knowledge, these are the largest cohorts on which IgM ANCA testing has been reported.  Both 

the finding of IgM ANCA and the apparent association with the most acute respiratory 
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manifestation of disease are of interest with respect to disease pathogenesis, as they suggest a 

possible link to infection. 

Infections have often been implicated in the development of autoimmune diseases.  Yet, their 

specific roles remain poorly defined.  Many theories have connected autoimmune diseases to 

antecedent infections, with potential mechanisms including molecular mimicry, epitope 

spreading, and the release of hidden antigens, among others(23).  In certain autoimmune 

diseases, the connection has been made quite convincingly.  For example, in Guillain-Barré 

Syndrome, in which acute gastroenteritis caused by Campylobacter jejuni frequently precedes 

the development of the syndrome’s neurologic manifestations, structural similarities and 

antibody cross-reactivity have been identified with respect to Campylobacter jejuni’s 

lipopolysaccharide and components of peripheral nerves(24-26).  

In AAV, infections have not definitively been tied to disease pathogenesis, but several 

observations have suggested that infectious agents may play an important role in the 

development of AAV and in its course.  For instance, several but not all epidemiological studies 

have reported seasonal variations in the frequency of presentation of AAV, as would be expected 

in an infection-mediated disease(27-32).  In addition, the development of circulating ANCA 

during infections has been described worldwide, most notably in association with infectious 

endocarditis, though the clinical relevance of these antibodies remains unclear(33-35).  In terms 

of specific organisms, special consideration has been given to Staphylococcus aureus.  Chronic 

nasal colonization with S. aureus has been reported to occur more frequently in patients with 

GPA than in healthy controls, and among those with GPA, nasal colonization with S. aureus has 

been associated with a higher risk of disease relapse(3, 36). 
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As with these observations, our finding of transient IgM PR3-ANCA in substantial numbers of 

patients can be seen as suggestive of a link between AAV and an infectious exposure.  A short-

lived rise in antigen-specific IgM antibodies is the expected initial humoral response to pathogen 

exposure.  In theory, this initial IgM phase of the humoral response is particularly susceptible to 

self cross-reactivity, as the majority of IgM antibodies are polyreactive, due to low affinity and 

high valency properties(37, 38).  It is therefore possible that the IgM PR3-ANCA has been 

triggered by an infectious stimulus, analogous to the development of cold hemagglutinins 

following exposure to Mycoplasma pneumoniae(39, 40).  Along these lines, the finding of an 

association between the presence of IgM PR3-ANCA and alveolar hemorrhage supports the 

possibility of an infectious trigger, as we would speculate that alveolar hemorrhage is more 

likely in the setting of respiratory inflammation secondary to an infectious insult.  Future studies 

will be required to investigate the association between IgM PR3-ANCA and respiratory 

infections. 

Beyond speculation, there are significant differences between the two trial cohorts to consider as 

they may explain differences in results.  The enrollment criteria of the two trial protocols differed 

enough for patients in the WGET cohort on average being less acutely ill than those in the 

RAVE cohort.  This difference in acuity derives in part from differences in disease 

manifestations, as patients with non-severe disease were included in WGET but not in RAVE.  It 

also derives from the fact that the time from the symptom onset of the disease episode leading to 

enrollment tended to be longer in WGET than in RAVE.  As the IgM response is expected to be 

short-lived, it is possible that the difference in frequency of IgM PR3-ANCA observed in the two 

cohorts is due in part to the timing of study enrollment; that is, the IgM response in some WGET 

patients could have been “missed”. 
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The potential to miss the coming-and-going of the IgM ANCA is an important point that has 

previously been highlighted in the literature.  Certain original descriptions of IgM ANCA 

suggested a strong correlation with alveolar hemorrhage(6, 10).  However, other investigators 

cast doubt on this association by reporting cases in which IgM ANCA were identified, but no 

alveolar hemorrhage or other pulmonary manifestations were present(7, 11, 12).  Some argued 

that the correlation between alveolar hemorrhage and the identification of IgM ANCA was not 

meaningful, but attributable to the rapidity with which those who experience alveolar 

hemorrhage seek medical attention(12).  That is, investigators are simply less likely to miss IgM 

ANCA in a patient with alveolar hemorrhage as compared to patients with other disease 

manifestations. 

Our study, which includes considerably more patients than any previous examination of IgM 

ANCA, suggests that there is an increased frequency of alveolar hemorrhage among patients 

with IgM PR3-ANCA, but that the relationship is not absolute.  We also observed patients with 

IgM PR3-ANCA who did not have pulmonary manifestations of AAV, as well as patients with 

alveolar hemorrhage who tested negative for IgM PR3-ANCA.  It is therefore not surprising that 

prior reports with small numbers of patients found variable clinical correlations for IgM ANCA.  

However, we cannot discount the possibility that alveolar hemorrhage simply reduces the time 

from symptom onset to presentation, allowing for a higher probability of observing the transient 

IgM ANCA. 

Our study has strengths and limitations.  Among its strengths are the number of patients 

examined and the comprehensive capturing of clinical data.  The most notable limitation is that 

we focused only on PR3-ANCA.  Our focus on PR3-ANCA has several reasons.  First, we 

wanted to keep the two cohorts as similar as possible.  Second, in contrast to IgM PR3-ANCA, 
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samples that tested positive for IgM MPO-ANCA in the RAVE cohort did not test positive on 

confirmatory immunofluorescence testing (data not shown). 

In conclusion, the pathogenesis of AAV is multifaceted, involving a number of host factors and 

immune pathways.  Insights into the origins and actions of ANCA, including IgM ANCA, may 

enhance understanding of the etiology and varied clinical presentations of AAV.  As shown here, 

IgM PR3-ANCA are found transiently in a sizable number of patients with active disease, both 

newly-diagnosed and relapsing.  The presence of IgM PR3-ANCA is associated with a higher 

degree of disease activity and with a higher rate of alveolar hemorrhage, which is the most acute 

and life-threatening manifestation of AAV.  IgM PR3-ANCA could thus represent a link 

between infectious triggers and AAV disease activity. 
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TABLES 

Table 1 – Patient characteristics. 

 

Clinical Characteristic WGET Cohort* 

(n=180) 

RAVE Cohort** 

(n=129) 

P-value 

Age (mean ± SD) 49.9 ± 15.3 49.8 ± 14.8 0.95 

Gender (% male) 60.0% 58.1% 0.74 

Race 

• White, non-Hispanic 

• Black, non-Hispanic 

• Other 

 

92.2% 

1.7% 

6.1% 

 

93.0% 

2.3% 

4.6% 

 

0.79 

Disease Onset 

• New-onset 

• Recurrent 

 

44.1% 

55.9% 

 

37.2% 

62.8% 

 

0.20 

BVAS-WG (mean ± SD) 7.0 ± 3.4 8.0 ± 3.2 0.01 

Alveolar hemorrhage 17.8% 27.9% 0.04 

Major renal involvement 35.0% 44.2% 0.12 

 

  * Derived from the Wegener’s granulomatosis etanercept trial (WGET)(14) 

** Derived from the Rituximab versus cyclophosphamide for AAV trial (RAVE)(17) 
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Table 2 – Disease characteristics by IgM PR3-ANCA status, WGET cohort. 

 

 

 IgM PR3-ANCA (+) 

(n=27) 

IgM PR3-ANCA (-) 

(n=153) 

P-Value 

IgG PR3-ANCA, n (%) 

• Positive 

• Negative 

 

27 (100) 

0 (0) 

 

121 (79) 

32 (21) 

 

0.005 

Timing of diagnosis, n (%) 

• New diagnosis 

• Previous diagnosis 

 

16 (59) 

11 (41) 

 

64 (42) 

89 (58) 

 

0.10 

Disease severity, n (%) 

• Severe 

• Limited 

 

19 (70) 

8 (30) 

 

109 (71) 

44 (29) 

 

1.0 
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FIGURE LEGENDS 

 

Figure 1 – Disease severity, as measured by BVAS/WG score, at baseline visit in WGET cohort, 

by IGM PR3-ANCA status.  

 

Figure 2 – Change in IgM PR3-ANCA over time in patients with alveolar hemorrhage in WGET 

cohort 

 

Figure 3 – Longitudinal results of IgG PR3-ANCA ELISA, IgM PR3-ANCA ELISA, and IgM 

PR3-ANCA epitope binding pattern assays for two patients who were diagnosed with alveolar 

hemorrhage at baseline and who tested positive for IgM PR3-ANCA at multiple time points 

during the WGET study.  Panels A and B display the results of ELISA assays for IgG PR3-

ANCA (panel A) and IgM PR3-ANCA (panel B) performed on sera drawn from patient 1 across 

longitudinal study visits.  Panels D and E similarly display longitudinal results of the same 

assays from sera drawn from patient 2.  For both patients, fluctuations in the IgG PR3-ANCA 

levels and the IgM PR3-ANCA levels occur independently.  Panel C displays results of the IgM 

PR3-ANCA epitope binding assays performed on sera drawn from patient 1, restricted to time 

points at which the antibody was detected.  Panel F displays results of the same assays performed 

on sera drawn from patient 2.  MCPR3-2, MCPR3-3, and MCPR3-7 refer to the monoclonal 

antibodies used as capturing antibodies for the epitope binding assays.  Changes in the pattern of 

results among these assays are suggestive of changes in the epitope binding site of the patient’s 

IgM PR3-ANCA over time.  Panels C and F highlight that the IgM PR3-ANCA epitope binding 

site appears to change over time for patient 1 (panel C), but not for patient 2 (panel F). 
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Figure 4 – Disease severity, as measured by BVAS/WG score, at baseline visit in RAVE cohort, 

by IGM PR3-ANCA status. 
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SUMMARY 

Antineutrophil cytoplasmic antibodies (ANCA) appear to play an important role in the 

pathogenesis of ANCA-associated vasculitis (AAV).  Yet, ANCA alone are not sufficient to 

generate disease, and some evidence suggests that infectious triggers may serve as inciting 

events for AAV disease activity.  Antibodies of the IgM isotype often serve as markers of recent 

infection, and IgM ANCA have previously been identified in patients with AAV, though the 

frequency and clinical relevance of IgM ANCA is not well established.  We sought to better 

characterize IgM ANCA by creating a novel ELISA assay for IgM antibodies to proteinase 3 

(IgM PR3-ANCA), which we applied to two large, clinically well-characterized trial cohorts of 

patients with granulomatosis with polyangiitis and microscopic polyangiitis.  In the first cohort, 

IgM PR3-ANCA occurred with a frequency of 15.0%, and were associated with a higher degree 

of disease severity, and with a trend toward a higher rate of alveolar hemorrhage (29.6% versus 

15.7%, p=0.10).  Analysis of follow-up samples in this cohort showed that the presence of IgM 

PR3-ANCA was transient, but could recur.  In the second cohort, IgM PR3-ANCA occurred with 

a frequency of 41.1%, and were also associated with a higher degree of disease severity.  A 

higher rate of alveolar hemorrhage was observed among those with IgM PR3-ANCA (45.3% vs. 

15.8%; p<0.001).  The association of transient IgM PR3-ANCA with an acute respiratory 

manifestation of AAV suggests a possible link between an infectious trigger and AAV disease 

activity.   
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INTRODUCTION 

The antineutrophil cytoplasmic antibody (ANCA) -associated vasculitides (AAV) are defined by 

characteristic clinical and histopathologic features and the presence of ANCA in most 

patients(1).  However, patients with AAV present heterogeneously, to the extent that three 

separate clinicopathologic variants of AAV have been defined: granulomatosis with polyangiitis 

(GPA, formerly Wegener’s granulomatosis), microscopic polyangiitis (MPA), and eosinophilic 

granulomatosis with polyangiitis (EGPA, formerly Churg-Strauss syndrome).  Even within these 

syndromes the inflammatory activity can affect different organ systems in different patients, and 

in any single patient the organs affected and the severity of disease activity can vary over 

time(2). 

Our understanding of the pathogenesis of AAV has improved significantly over the last couple of 

decades, allowing a more targeted approach to therapy. Yet, many important questions remain 

unanswered.  In predisposed patients abnormal T- and B-lymphocyte regulation leads to the 

production of ANCA, and their role in neutrophil and monocyte activation seem to be crucial for 

the development of disease manifestations such as glomerulonephritis or pulmonary capillaritis.  

Yet, ANCA alone are not sufficient for the disease process to play out in full in humans(3-5).  

Moreover, the specific triggers of a primary ANCA immune response, such as infections, and the 

mechanisms subsequently leading to the loss of tolerance and persistence of ANCA in 

predisposed patients remain unclear.   

The most prevalent and best studied ANCA with accepted diagnostic utility are of the 

immunoglobulin (Ig) G isotype.  IgM ANCA and IgA ANCA have also been identified(6-9).  

Early studies investigating the clinical significance of the various ANCA isotypes suggested an 
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association of circulating IgM ANCA with certain disease manifestations, particularly alveolar 

hemorrhage(6, 10).  However, these associations and their clinical relevance were questioned by 

others(7, 11, 12).  Since these early reports on IgM ANCA were derived from rather small 

cohorts, and the theory of infections as triggering cofactors of disease development and activity 

has persisted for decades, we conducted the present study to revisit the prevalence and clinical 

associations of IgM PR3-ANCA in two large clinically well-characterized trial cohorts. 

 

MATERIAL AND METHODS 

Patient Populations 

The study population consisted of two cohorts.  The participants of the Wegener’s 

Granulomatosis Etanercept trial (WGET) comprised the first cohort, and the subset of 129 PR3-

ANCA positive subjects enrolled in the Rituximab versus Cyclophosphamide for AAV trial 

(RAVE) made up the second cohort.  We chose to study the two cohorts separately for two 

principle reasons: first, the entrance criteria of the two studies differed significantly, and so there 

is substantial heterogeneity between the two groups; second, the separation of the two cohorts 

provided the opportunity to test and validate associations identified in our study of the first 

cohort.  All patients enrolled in the trials provided written informed consent that included 

consent for the use of biospecimens in ancillary studies, and both trials were approved by the 

institutional review boards at each participating site. 

The design of WGET, the baseline clinical characteristics of study participants, and the primary 

trial results have been described in detail elsewhere(13, 14).  Briefly, WGET was a multicenter, 
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randomized, placebo-controlled trial that evaluated the use of etanercept for remission 

maintenance in GPA.  The WGET study population consisted of 180 patients who were enrolled 

at 8 centers across the United States.  Each patient who enrolled in WGET met the following 

criteria: (1) the diagnosis of GPA was supported by fulfilling at least 2 of the 5 modified 

American College of Rheumatology criteria for the classification of Wegener granulomatosis, 

and (2) there was evidence of disease activity within 28 days of enrollment, with a Birmingham 

Vasculitis Activity Score for Wegener Granulomatosis (BVAS/WG) of at least 3(15). 

The details of the design of RAVE, along with the participants’ baseline clinical data and the 

trial’s primary results have been reported elsewhere(16, 17).  Briefly, RAVE was a multicenter, 

randomized, double placebo-controlled trial that compared the efficacy and safety of rituximab 

with cyclophosphamide for remission induction in severe AAV.  The RAVE study population 

consisted of 197 patients enrolled at 8 centers in the United States and one center in the 

Netherlands.  All patients met 1994 Chapel Hill Consensus Conference definitions for the 

diagnosis of GPA or MPA, had positive serum assays for PR3-ANCA or MPO-ANCA at the 

time of enrollment, had active disease with a minimum BVAS/WG of 3, and had received 

glucocorticoids for no longer than 14 days prior to study screening.  In addition, all patients were 

classified as having “severe” AAV, defined as disease activity involving a vital-organ and posing 

an immediate threat to that organ’s function or to the patient’s life.   

 

Patient Evaluations and Sample Collections 

Patients in WGET were evaluated during study visits that occurred at baseline, after 6 and 12 

weeks, and then every three months until the trial ended(14).  RAVE participants were evaluated 
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during study visits at baseline, and then on a regular schedule for at least 18 months(17).  At 

every study visit disease activity was measured using the BVAS/WG instrument, and serum 

samples were drawn, in both WGET and RAVE.  Serum samples were frozen and stored at -80º 

C. 

ANCA Assays 

IgG ANCA assays had previously been performed in both study cohorts using standard 

immunofluorescence and enzyme immunoassays(4, 5, 17, 18).  A novel capture ELISA was 

designed to detect PR3-ANCA of the IgM isotype in patient serum.  The capture ELISA used 

poly-His tagged recombinant PR3 (rPR3)(19) bound to nickel-coated plates to test for anti-rPR3 

reactivity in serum samples diluted 1:20 in TBS buffer containing 0.5% BSA.  The presence of 

IgM antibodies bound to rPR3 were detected using a goat anti-human IgM (µ-chain specific)-

alkaline phosphatase antibody (Sigma-Aldrich), diluted 1:20,000 in TBS buffer containing 0.5% 

BSA.  The assay’s cut-off value for a positive result was determined by performing the test on 37 

samples drawn from patients who had previously tested negative for PR3-ANCA by standard 

clinical assays for IgG PR3-ANCA.  All 37 of these samples were derived from waste material 

from the clinical immunology laboratory at Mayo Clinic, Rochester, Minnesota.  In each 

instance, PR3-ANCA testing had been ordered by a treating clinician, and the result had been 

negative.  The cut-off value for a positive result for the novel IgM PR3-ANCA capture ELISA 

was set 4 standard deviations above the mean of the assay’s results from these 37 samples.  This 

conservative cut-off value was chosen to minimize the problem of borderline positivity. 

To assess the epitope specificity of IgM PR3-ANCA we used monoclonal antibodies with 

defined PR3 epitope specificity as capturing antibodies in capture ELISAs as previously 
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described for IgG ANCA detection(20-22).  Immulon strips were coated with the monoclonal 

antibodies MCPR3-2, MCPR3-3 or MCPR3-7 prior to loading the rPR3 antigen.  Bound IgM 

PR3-ANCA was detected as described above.    

Statistical Analysis 

Continuous variables are presented as median (interquartile ranges (IQR)) and categorical 

variables are presented as counts and percentages, unless otherwise specified.  Associations 

between binary measures were performed with the use of Fisher’s exact test, as appropriate, 

while associations between continuous variables were performed with Wilcoxon rank sum test.  

Statistical analyses were performed using JMP 10.0.  

 

RESULTS 

IgM PR3-ANCA in the WGET Cohort 

Serum samples from the baseline visit were available for all 180 patients enrolled in WGET.  

The key clinical characteristics of this cohort are summarized in Table 1.  A full description of 

the cohort’s baseline clinical and disease characteristics has been published elsewhere(14).  The 

cohort included patients with both severe (71.1%) and limited or non-severe (28.9%) GPA, and 

patients in whom enzyme immunoassay testing for IgG PR3-ANCA had been either positive 

(72.8%) or negative (27.2%). 

Twenty-seven of the 180 WGET baseline samples (15.0%) tested positive for IgM PR3-ANCA.  

IgM PR3-ANCA were detected among subjects with both limited and severe disease as well as 
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with both newly- and previously-diagnosed GPA, but only among those who had been found to 

have IgG PR3-ANCA by standard clinical assays (Table 2). 

The disease activity at baseline was higher among patients who tested positive for IgM PR3-

ANCA (median (IQR)  BVAS/WG of 7.5 (5-12)) compared to those who tested negative 

(BVAS/WG of 6 (4-8.5); p=0.02)  (Figure 1).  

The organ systems involved by GPA did not differ according to IgM PR3-ANCA status, but 

there was a notable trend toward more frequent alveolar hemorrhage among those who tested 

positive for IgM PR3-ANCA.  Alveolar hemorrhage was diagnosed at baseline in 8 of the 27 

patients (29.6%) who tested positive for IgM PR3-ANCA, as compared to 24 of the 153 patients 

(15.7%) who tested negative (p=0.10).  This trend was also seen when the analysis was restricted 

to the 128 WGET patients with severe GPA, who are more likely to have detectable ANCA(18).  

Among the 128 patients with severe GPA, alveolar hemorrhage was diagnosed in 8 of the 19 

patients (42.1%) with a positive IgM PR3-ANCA test result and 24 of the 109 patients (22.0%) 

who tested negative (p=0.08). 

Among the 32 WGET patients who had been diagnosed with alveolar hemorrhage at the baseline 

visit, further IgM PR3-ANCA assays were performed on serum samples from all available 

subsequent study visits, as summarized in Figure 2.  Twenty-four of these 32 patients had tested 

negative for IgM PR3-ANCA at the baseline visit, and the test remained negative for all 24 

patients at all follow-up visits.  The remaining 8 patients had tested positive for IgM PR3-ANCA 

at the baseline visit.  On follow-up, only 1 of the 8 patients had a persistently positive IgM PR3-

ANCA test at the week-6 visit, and that patient’s test converted to negative at the week-12 visit.  

Subsequently, IgM PR3-ANCA reemerged in 4 of the 8 patients. 
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Among the 4 WGET patients who were diagnosed with alveolar hemorrhage at baseline and who 

tested positive for IgM PR3-ANCA at multiple time points during the study, the target epitopes 

of the identified IgM PR3-ANCA were studied further.  In 1 of the 4 patients, the IgM PR3-

ANCA epitope target appeared to remain constant over time, but epitope variability was apparent 

in serial samples from the remaining 3 patients.  The longitudinal results from 2 of the 4 patients 

are represented in Figure 3, which displays the capture ELISA results for both IgG and IgM 

PR3-ANCA at each sequential study encounter, and shows the epitope binding pattern of the 

IgM PR3-ANCA for each instance at which it is detected.  Two key points are highlighted in 

Figure 3. First, the longitudinal ELISA results show that the waxing and waning of IgM and IgG 

PR3-ANCA levels appear independent.  That is, the emergence and disappearance of IgM PR3-

ANCA in an individual does not simply follow the rise and fall of the overall ANCA level.  The 

second point highlighted in Figure 3 is that the epitope binding pattern of the IgM PR3-ANCA 

can change (as seen in patient 1) or remain stable (as seen in patient 2) over time. 

 

IgM PR3-ANCA in the RAVE Cohort 

The RAVE cohort was used to further investigate the most interesting observation made in the 

WGET cohort: the potential association between the presence of IgM PR3-ANCA and the 

diagnosis of alveolar hemorrhage.  Serum samples from all 129 RAVE patients who had tested 

positive for IgG PR3-ANCA by standard clinical assays were included in the cohort.  The key 

clinical characteristics of the cohort are summarized in Table 1.  As a condition of inclusion in 

the RAVE trial, all patients had severe GPA or MPA.  Thirty-six of the 129 PR3-ANCA positive 

patients (27.9%) were diagnosed with alveolar hemorrhage at the baseline visit. 
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The IgM PR3-ANCA assay was performed on serum samples obtained at the baseline visit.  IgM 

PR3-ANCA were detected in 53 of the 129 patients (41.1%).  As had been observed in the 

WGET cohort, those who tested positive for IgM PR3-ANCA had higher levels of disease 

activity as compared to those who tested negative (Figure 4).  The median (IQR) baseline 

BVAS/WG was 9 (6-10) among those who tested positive for IgM PR3-ANCA and 7 (5-9.75) 

among those who tested negative (p=0.05).  As with the WGET cohort, the frequencies of newly-

diagnosed and recurrent AAV were similar among patients with and without IgM PR3-ANCA.  

The rate of newly-diagnosed AAV was 35.8% among patients who tested positive for IgM PR3-

ANCA and 38.2% among patients who tested negative (p = 0.85). 

Alveolar hemorrhage was diagnosed nearly three times more frequently among those who tested 

positive for IgM PR3-ANCA as compared to those who tested negative (45.3% vs. 15.8%; 

p<0.001).  In contrast, the frequency of major renal disease at baseline was similar among 

patients who tested positive for IgM PR3-ANCA as compared to those who tested negative 

(47.2% versus 42.1%; p=0.59). 

 

DISCUSSION  

With the use of a novel assay for IgM PR3-ANCA, we have shown that ANCA of the IgM 

isotype are present in certain patients with active AAV, and that the presence of IgM PR3-

ANCA is associated with increased disease activity and with alveolar hemorrhage.  To our 

knowledge, these are the largest cohorts on which IgM ANCA testing has been reported.  Both 

the finding of IgM ANCA and the apparent association with the most acute respiratory 
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manifestation of disease are of interest with respect to disease pathogenesis, as they suggest a 

possible link to infection. 

Infections have often been implicated in the development of autoimmune diseases.  Yet, their 

specific roles remain poorly defined.  Many theories have connected autoimmune diseases to 

antecedent infections, with potential mechanisms including molecular mimicry, epitope 

spreading, and the release of hidden antigens, among others(23).  In certain autoimmune 

diseases, the connection has been made quite convincingly.  For example, in Guillain-Barré 

Syndrome, in which acute gastroenteritis caused by Campylobacter jejuni frequently precedes 

the development of the syndrome’s neurologic manifestations, structural similarities and 

antibody cross-reactivity have been identified with respect to Campylobacter jejuni’s 

lipopolysaccharide and components of peripheral nerves(24-26).  

In AAV, infections have not definitively been tied to disease pathogenesis, but several 

observations have suggested that infectious agents may play an important role in the 

development of AAV and in its course.  For instance, several but not all epidemiological studies 

have reported seasonal variations in the frequency of presentation of AAV, as would be expected 

in an infection-mediated disease(27-32).  In addition, the development of circulating ANCA 

during infections has been described worldwide, most notably in association with infectious 

endocarditis, though the clinical relevance of these antibodies remains unclear(33-35).  In terms 

of specific organisms, special consideration has been given to Staphylococcus aureus.  Chronic 

nasal colonization with S. aureus has been reported to occur more frequently in patients with 

GPA than in healthy controls, and among those with GPA, nasal colonization with S. aureus has 

been associated with a higher risk of disease relapse(3, 36). 
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As with these observations, our finding of transient IgM PR3-ANCA in substantial numbers of 

patients can be seen as suggestive of a link between AAV and an infectious exposure.  A short-

lived rise in antigen-specific IgM antibodies is the expected initial humoral response to pathogen 

exposure.  In theory, this initial IgM phase of the humoral response is particularly susceptible to 

self cross-reactivity, as the majority of IgM antibodies are polyreactive, due to low affinity and 

high valency properties(37, 38).  It is therefore possible that the IgM PR3-ANCA has been 

triggered by an infectious stimulus, analogous to the development of cold hemagglutinins 

following exposure to Mycoplasma pneumoniae(39, 40).  Along these lines, the finding of an 

association between the presence of IgM PR3-ANCA and alveolar hemorrhage supports the 

possibility of an infectious trigger, as we would speculate that alveolar hemorrhage is more 

likely in the setting of respiratory inflammation secondary to an infectious insult.  Future studies 

will be required to investigate the association between IgM PR3-ANCA and respiratory 

infections. 

Beyond speculation, there are significant differences between the two trial cohorts to consider as 

they may explain differences in results.  The enrollment criteria of the two trial protocols differed 

enough for patients in the WGET cohort on average being less acutely ill than those in the 

RAVE cohort.  This difference in acuity derives in part from differences in disease 

manifestations, as patients with non-severe disease were included in WGET but not in RAVE.  It 

also derives from the fact that the time from the symptom onset of the disease episode leading to 

enrollment tended to be longer in WGET than in RAVE.  As the IgM response is expected to be 

short-lived, it is possible that the difference in frequency of IgM PR3-ANCA observed in the two 

cohorts is due in part to the timing of study enrollment; that is, the IgM response in some WGET 

patients could have been “missed”. 
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The potential to miss the coming-and-going of the IgM ANCA is an important point that has 

previously been highlighted in the literature.  Certain original descriptions of IgM ANCA 

suggested a strong correlation with alveolar hemorrhage(6, 10).  However, other investigators 

cast doubt on this association by reporting cases in which IgM ANCA were identified, but no 

alveolar hemorrhage or other pulmonary manifestations were present(7, 11, 12).  Some argued 

that the correlation between alveolar hemorrhage and the identification of IgM ANCA was not 

meaningful, but attributable to the rapidity with which those who experience alveolar 

hemorrhage seek medical attention(12).  That is, investigators are simply less likely to miss IgM 

ANCA in a patient with alveolar hemorrhage as compared to patients with other disease 

manifestations. 

Our study, which includes considerably more patients than any previous examination of IgM 

ANCA, suggests that there is an increased frequency of alveolar hemorrhage among patients 

with IgM PR3-ANCA, but that the relationship is not absolute.  We also observed patients with 

IgM PR3-ANCA who did not have pulmonary manifestations of AAV, as well as patients with 

alveolar hemorrhage who tested negative for IgM PR3-ANCA.  It is therefore not surprising that 

prior reports with small numbers of patients found variable clinical correlations for IgM ANCA.  

However, we cannot discount the possibility that alveolar hemorrhage simply reduces the time 

from symptom onset to presentation, allowing for a higher probability of observing the transient 

IgM ANCA. 

Our study has strengths and limitations.  Among its strengths are the number of patients 

examined and the comprehensive capturing of clinical data.  The most notable limitation is that 

we focused only on PR3-ANCA.  Our focus on PR3-ANCA has several reasons.  First, we 

wanted to keep the two cohorts as similar as possible.  Second, in contrast to IgM PR3-ANCA, 
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samples that tested positive for IgM MPO-ANCA in the RAVE cohort did not test positive on 

confirmatory immunofluorescence testing (data not shown). 

In conclusion, the pathogenesis of AAV is multifaceted, involving a number of host factors and 

immune pathways.  Insights into the origins and actions of ANCA, including IgM ANCA, may 

enhance understanding of the etiology and varied clinical presentations of AAV.  As shown here, 

IgM PR3-ANCA are found transiently in a sizable number of patients with active disease, both 

newly-diagnosed and relapsing.  The presence of IgM PR3-ANCA is associated with a higher 

degree of disease activity and with a higher rate of alveolar hemorrhage, which is the most acute 

and life-threatening manifestation of AAV.  IgM PR3-ANCA could thus represent a link 

between infectious triggers and AAV disease activity. 
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TABLES 

Table 1 – Patient characteristics. 

 

Clinical Characteristic WGET Cohort* 

(n=180) 

RAVE Cohort** 

(n=129) 

P-value 

Age (mean ± SD) 49.9 ± 15.3 49.8 ± 14.8 0.95 

Gender (% male) 60.0% 58.1% 0.74 

Race 

• White, non-Hispanic 

• Black, non-Hispanic 

• Other 

 

92.2% 

1.7% 

6.1% 

 

93.0% 

2.3% 

4.6% 

 

0.79 

Disease Onset 

• New-onset 

• Recurrent 

 

44.1% 

55.9% 

 

37.2% 

62.8% 

 

0.20 

BVAS-WG (mean ± SD) 7.0 ± 3.4 8.0 ± 3.2 0.01 

Alveolar hemorrhage 17.8% 27.9% 0.04 

Major renal involvement 35.0% 44.2% 0.12 

 

  * Derived from the Wegener’s granulomatosis etanercept trial (WGET)(14) 

** Derived from the Rituximab versus cyclophosphamide for AAV trial (RAVE)(17) 
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Table 2 – Disease characteristics by IgM PR3-ANCA status, WGET cohort. 

 

 

 IgM PR3-ANCA (+) 

(n=27) 

IgM PR3-ANCA (-) 

(n=153) 

P-Value 

IgG PR3-ANCA, n (%) 

• Positive 

• Negative 

 

27 (100) 

0 (0) 

 

121 (79) 

32 (21) 

 

0.005 

Timing of diagnosis, n (%) 

• New diagnosis 

• Previous diagnosis 

 

16 (59) 

11 (41) 

 

64 (42) 

89 (58) 

 

0.10 

Disease severity, n (%) 

• Severe 

• Limited 

 

19 (70) 

8 (30) 

 

109 (71) 

44 (29) 

 

1.0 
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FIGURE LEGENDS 

 

Figure 1 – Disease severity, as measured by BVAS/WG score, at baseline visit in WGET cohort, 

by IGM PR3-ANCA status.  

 

Figure 2 – Change in IgM PR3-ANCA over time in patients with alveolar hemorrhage in WGET 

cohort 

 

Figure 3 – Longitudinal results of IgG PR3-ANCA ELISA, IgM PR3-ANCA ELISA, and IgM 

PR3-ANCA epitope binding pattern assays for two patients who were diagnosed with alveolar 

hemorrhage at baseline and who tested positive for IgM PR3-ANCA at multiple time points 

during the WGET study.  Panels A and B display the results of ELISA assays for IgG PR3-

ANCA (panel A) and IgM PR3-ANCA (panel B) performed on sera drawn from patient 1 across 

longitudinal study visits.  Panels D and E similarly display longitudinal results of the same 

assays from sera drawn from patient 2.  For both patients, fluctuations in the IgG PR3-ANCA 

levels and the IgM PR3-ANCA levels occur independently.  Panel C displays results of the IgM 

PR3-ANCA epitope binding assays performed on sera drawn from patient 1, restricted to time 

points at which the antibody was detected.  Panel F displays results of the same assays performed 

on sera drawn from patient 2.  MCPR3-2, MCPR3-3, and MCPR3-7 refer to the monoclonal 

antibodies used as capturing antibodies for the epitope binding assays.  Changes in the pattern of 

results among these assays are suggestive of changes in the epitope binding site of the patient’s 

IgM PR3-ANCA over time.  Panels C and F highlight that the IgM PR3-ANCA epitope binding 

site appears to change over time for patient 1 (panel C), but not for patient 2 (panel F). 

Page 44 of 52Clinical Experimental Immunology

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rt
ic

le
 

 

IgM PR3-ANCA in GPA and MPA (Revised 6 Jan 2017) Page 18 

 

Figure 4 – Disease severity, as measured by BVAS/WG score, at baseline visit in RAVE cohort, 

by IGM PR3-ANCA status. 

  

Page 45 of 52 Clinical Experimental Immunology

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rt
ic

le
 

 

IgM PR3-ANCA in GPA and MPA (Revised 6 Jan 2017) Page 19 

REFERENCES 

1. Jennette JC, Falk RJ, Bacon PA, Basu N, Cid MC, Ferrario F, et al. 2012 revised 

International Chapel Hill Consensus Conference Nomenclature of Vasculitides. Arthritis Rheum. 

2013;65(1):1-11. 

2. Seo P, Stone JH. The antineutrophil cytoplasmic antibody-associated vasculitides. Am J 

Med. 2004;117(1):39-50. 

3. Stegeman CA, Tervaert JW, Sluiter WJ, Manson WL, de Jong PE, Kallenberg CG. 

Association of chronic nasal carriage of Staphylococcus aureus and higher relapse rates in 

Wegener granulomatosis. Ann Intern Med. 1994;120(1):12-7. 

4. Finkielman JD, Merkel PA, Schroeder D, Hoffman GS, Spiera R, St Clair EW, et al. 

Antiproteinase 3 antineutrophil cytoplasmic antibodies and disease activity in Wegener 

granulomatosis. Ann Intern Med. 2007;147(9):611-9. 

5. Fussner LA, Hummel AM, Schroeder DR, Silva F, Cartin-Ceba R, Snyder MR, et al. 

Factors Determining the Clinical Utility of Serial Measurements of Antineutrophil Cytoplasmic 

Antibodies Targeting Proteinase 3. Arthritis Rheumatol. 2016. 

6. Jayne DR, Jones SJ, Severn A, Shaunak S, Murphy J, Lockwood CM. Severe pulmonary 

hemorrhage and systemic vasculitis in association with circulating anti-neutrophil cytoplasm 

antibodies of IgM class only. Clin Nephrol. 1989;32(3):101-6. 

7. Nassberger L, Sjoholm AG, Bygren P, Thysell H, Hojer-Madsen M, Rasmussen N. 

Circulating anti-neutrophil cytoplasm antibodies in patients with rapidly progressive 

glomerulonephritis and extracapillary proliferation. J Intern Med. 1989;225(3):191-6. 

8. Esnault VL, Ronda N, Jayne DR, Lockwood CM. Association of ANCA isotype and 

affinity with disease expression. J Autoimmun. 1993;6(2):197-205. 

9. Kelley JM, Monach PA, Ji C, Zhou Y, Wu J, Tanaka S, et al. IgA and IgG antineutrophil 

cytoplasmic antibody engagement of Fc receptor genetic variants influences granulomatosis with 

polyangiitis. Proc Natl Acad Sci U S A. 2011;108(51):20736-41. 

10. Esnault VL, Soleimani B, Keogan MT, Brownlee AA, Jayne DR, Lockwood CM. 

Association of IgM with IgG ANCA in patients presenting with pulmonary hemorrhage. Kidney 

Int. 1992;41(5):1304-10. 

11. Jennings JG, Chang L, Savige JA. Anti-proteinase 3 antibodies, their characterization and 

disease associations. Clin Exp Immunol. 1994;95(2):251-6. 

12. Nassberger L, Geborek P. IgM-ANCA in a patient with systemic vasculitis without 

pulmonary involvement. Clin Nephrol. 1990;34(6):280. 

13. Design of the Wegener's Granulomatosis Etanercept Trial (WGET). Control Clin Trials. 

2002;23(4):450-68. 

14. Etanercept plus standard therapy for Wegener's granulomatosis. N Engl J Med. 

2005;352(4):351-61. 

15. Stone JH, Hoffman GS, Merkel PA, Min YI, Uhlfelder ML, Hellmann DB, et al. A 

disease-specific activity index for Wegener's granulomatosis: modification of the Birmingham 

Vasculitis Activity Score. International Network for the Study of the Systemic Vasculitides 

(INSSYS). Arthritis Rheum. 2001;44(4):912-20. 

16. Specks U, Merkel PA, Hoffman GS, Langford CA, Spiera R, Seo P, et al. Design of the 

Rituximab in ANCA-Associated Vasculitis (RAVE) Trial. The Open Arthritis Journal. 

2011;4(1):1-18. 

17. Stone JH, Merkel PA, Spiera R, Seo P, Langford CA, Hoffman GS, et al. Rituximab 

versus cyclophosphamide for ANCA-associated vasculitis. N Engl J Med. 2010;363(3):221-32. 

Page 46 of 52Clinical Experimental Immunology

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rt
ic

le
 

 

IgM PR3-ANCA in GPA and MPA (Revised 6 Jan 2017) Page 20 

18. Finkielman JD, Lee AS, Hummel AM, Viss MA, Jacob GL, Homburger HA, et al. 

ANCA are detectable in nearly all patients with active severe Wegener's granulomatosis. Am J 

Med. 2007;120(7):643 e9-14. 

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(2):756-60. 

20. Sun J, Fass DN, Hudson JA, Viss MA, Wieslander J, Homburger HA, et al. Capture-

ELISA based on recombinant PR3 is sensitive for PR3-ANCA testing and allows detection of 

PR3 and PR3-ANCA/PR3 immunecomplexes. J Immunol Methods. 1998;211(1-2):111-23. 

21. Silva F, Hummel AM, Jenne DE, Specks U. Discrimination and variable impact of 

ANCA binding to different surface epitopes on proteinase 3, the Wegener's autoantigen. J 

Autoimmun. 2010;35(4):299-308. 

22. Hinkofer LC, Seidel SAI, Korkmaz B, Silva F, Hummel AM, Braun D, et al. A 

Monoclonal Antibody (MCPR3-7) Interfering with the Activity of Proteinase 3 by an Allosteric 

Mechanism. Journal of Biological Chemistry. 2013;288(37):26635-48. 

23. Root-Bernstein R, Fairweather D. Complexities in the relationship between infection and 

autoimmunity. Curr Allergy Asthma Rep. 2014;14(1):407. 

24. Kusunoki S, Shiina M, Kanazawa I. Anti-Gal-C antibodies in GBS subsequent to 

mycoplasma infection: evidence of molecular mimicry. Neurology. 2001;57(4):736-8. 

25. Yuki N, Hartung HP. Guillain-Barre syndrome. N Engl J Med. 2012;366(24):2294-304. 

26. Yuki N, Taki T, Inagaki F, Kasama T, Takahashi M, Saito K, et al. A bacterium 

lipopolysaccharide that elicits Guillain-Barre syndrome has a GM1 ganglioside-like structure. J 

Exp Med. 1993;178(5):1771-5. 

27. Raynauld JP, Bloch DA, Fries JF. Seasonal variation in the onset of Wegener's 

granulomatosis, polyarteritis nodosa and giant cell arteritis. J Rheumatol. 1993;20(9):1524-6. 

28. Carruthers DM, Watts RA, Symmons DP, Scott DG. Wegener's granulomatosis--

increased incidence or increased recognition? Br J Rheumatol. 1996;35(2):142-5. 

29. Tidman M, Olander R, Svalander C, Danielsson D. Patients hospitalized because of small 

vessel vasculitides with renal involvement in the period 1975-95: organ involvement, anti-

neutrophil cytoplasmic antibodies patterns, seasonal attack rates and fluctuation of annual 

frequencies. J Intern Med. 1998;244(2):133-41. 

30. Duna GF, Cotch MF, Galperin C, Hoffman DB, Hoffman GS. Wegener's granulomatosis: 

role of environmental exposures. Clin Exp Rheumatol. 1998;16(6):669-74. 

31. Koldingsnes W, Nossent H. Epidemiology of Wegener's granulomatosis in northern 

Norway. Arthritis Rheum. 2000;43(11):2481-7. 

32. Falk RJ, Hogan S, Carey TS, Jennette JC. Clinical course of anti-neutrophil cytoplasmic 

autoantibody-associated glomerulonephritis and systemic vasculitis. The Glomerular Disease 

Collaborative Network. Ann Intern Med. 1990;113(9):656-63. 

33. Choi HK, Lamprecht P, Niles JL, Gross WL, Merkel PA. Subacute bacterial endocarditis 

with positive cytoplasmic antineutrophil cytoplasmic antibodies and anti-proteinase 3 antibodies. 

Arthritis Rheum. 2000;43(1):226-31. 

34. Mahr A, Batteux F, Tubiana S, Goulvestre C, Wolff M, Papo T, et al. Brief report: 

prevalence of antineutrophil cytoplasmic antibodies in infective endocarditis. Arthritis 

Rheumatol. 2014;66(6):1672-7. 

35. Ying CM, Yao DT, Ding HH, Yang CD. Infective endocarditis with antineutrophil 

cytoplasmic antibody: report of 13 cases and literature review. PLoS One. 2014;9(2):e89777. 

Page 47 of 52 Clinical Experimental Immunology

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rt
ic

le
 

 

IgM PR3-ANCA in GPA and MPA (Revised 6 Jan 2017) Page 21 

36. Kallenberg CG, Tadema H. Vasculitis and infections: contribution to the issue of 

autoimmunity reviews devoted to "autoimmunity and infection". Autoimmun Rev. 2008;8(1):29-

32. 

37. Boes M. Role of natural and immune IgM antibodies in immune responses. Mol 

Immunol. 2000;37(18):1141-9. 

38. Racine R, Winslow GM. IgM in microbial infections: taken for granted? Immunol Lett. 

2009;125(2):79-85. 

39. Jacobs E. Serological diagnosis of Mycoplasma pneumoniae infections: a critical review 

of current procedures. Clin Infect Dis. 1993;17 Suppl 1:S79-82. 

40. Swiecicki PL, Hegerova LT, Gertz MA. Cold agglutinin disease. Blood. 

2013;122(7):1114-21. 

 

Page 48 of 52Clinical Experimental Immunology

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rt
ic

le
  

 

 

 

 

55x55mm (300 x 300 DPI)  

Page 49 of 52 Clinical Experimental Immunology

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rt
ic

le
  

 

 

 

 

71x58mm (300 x 300 DPI)  

Page 50 of 52Clinical Experimental Immunology

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rt
ic

le
  

 

 

 

 

48x62mm (300 x 300 DPI)  

Page 51 of 52 Clinical Experimental Immunology

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rt
ic

le
  

 

 

 

 

55x55mm (300 x 300 DPI)  

Page 52 of 52Clinical Experimental Immunology

This article is protected by copyright. All rights reserved.


