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Abstract: The concurrent antineutrophil cytoplasmic antibody-associ-

ated glomerulonephritis (ANCA-GN) and membranous nephropathy

(MN) have been increasingly documented, mainly in case studies and

case series; however, the differences of clinical and pathologic charac-

teristics as well as outcomes between ANCA-GN patients with and

without MN remain unclear.

The current study investigated the clinical and immunologic features

of patients with combined ANCA-GN and MN in a large cohort.

Twenty-seven of 223 patients had combined ANCA-GN and MN;

they had significantly higher levels of initial serum creatinine, higher

Birmingham Vasculitis Activity Score and poorer renal outcome than

ANCA-GN patients without MN (P< 0.05). ANCA-GN patients with

MN could recognize the light chain of myeloperoxidase more frequently

than those without MN (P< 0.05). The prevalence of circulating anti-

PLA2R antibodies and glomerular PLA2R deposits was significantly

lower in patients with combined ANCA-GN and MN than that in

patients with idiopathic MN (P< 0.05). Compared with the idiopathic

MN patients, the patients with combined ANCA-GN and MN had

significantly higher recognition frequency of immunoglobulin (Ig)

G2 and IgG3, and significantly lower recognition frequency of IgG4
Chen, MD, PhD, and Ming-Hui Zhao, MD, PhD

(Medicine 94(37):e1472)

Abbreviations: AAV = antineutrophil cytoplasmic antibody-

associated vasculitis, ANCA = antineutrophil cytoplasmic

antibody, ANCA-GN = ANCA-associated glomerulonephritis,

BVAS = Birmingham Vasculitis Activity Score, CTX =

cyclophosphamide, EGPA = eosinophilic granulomatosis with

polyangiitis, ELISA = enzyme-linked immunosorbent assay,

GBM = glomerular basement membrane, GPA = granulomatosis

with polyangiitis, Ig = immunoglobulin, IQR = interquartile range,

MN = membranous nephropathy, MPA = microscopic polyangiitis,

MPO = myeloperoxidase, PLA2R = phospholipase A2 receptor,

PR3 = proteinase 3.

INTRODUCTION

A ntineutrophil cytoplasmic antibody (ANCA) associated
vasculitis (AAV) comprises granulomatosis with polyan-

giitis (GPA), microscopic polyangiitis (MPA), and eosinophilic
granulomatosis with polyangiitis (EGPA). ANCAs are serolo-
gic hallmarks for the above-mentioned small vessel vasculitis.
Proteinase 3 (PR3) and myeloperoxidase (MPO) are 2 major
target antigens of ANCA in AAV.1 The histopathologic hall-
mark of ANCA-associated glomerulonephritis (ANCA-GN) is
‘‘pauci-immune’’ necrotizing crescentic glomerulonephritis,
characterized by little or no glomerular staining for immuno-
globulins in renal histology by immunofluorescence micro-
scopy examination2; however, recent studies show that the
deposition of immune complex in renal biopsies of ANCA-
GN patients is not rare.3

Membranous nephropathy (MN) is the most common
cause of nephrotic syndrome in adults, accounting for >1
quarter of cases.4 Pathologically, MN is characterized by the
formation of subepithelial immune complex deposits with
resultant changes to the glomerular basement membrane
(GBM).5

The occurrence of ANCA-GN and MN has been increas-
ingly documented, mainly in case studies and case series.6–10 In
particular, Tse et al9 and Nasr et al10 reported the clinical
spectrums of 10 and 14 patients with combined ANCA-GN
and MN, respectively; however, the differences of clinical and
pathologic characteristics as well as outcomes between ANCA-
GN patients with and without MN remain unclear.

The immunologic characteristics of autoantibodies have
been proved to be of important clinical significance. For
example, our previous studies found that the epitope specifi-
ere associated with disease activity and
ifestations in AAV patients.10 In idio-
dies have indicated that autoantibody
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directed to M-type phospholipase A2 receptor (PLA2R)
initiates disease progress, and anti-PLA2R antibody is a useful
marker to distinguish idiopathic MN from secondary MN, such
as lupus MN, hepatitis B virus-associated MN, and tumor-
associated MN11; however, the immunologic characteristics
of autoantibodies and their target antigens in patients with
combined ANCA-GN and MN have not been illustrated.

With these above-mentioned questions in mind, we carried

FIGURE 1. Flowchart for inclusion/exclusion process. EGPA¼ eosin
pathy.
out the current study to investigate the clinical and immunologic

research was in compliance of the Declaration of Helsinki and
characteristics of ANCA-GN patients with MN in a single
Chinese center.

METHODS

Patients
A total of 552 patients with newly onset of AAV, diagnosed

from 1997 to 2014 in Renal Division of Peking University First
Hospital, were recruited consecutively into the study. All these
patients met the Chapel Hill Consensus Conference nomencla-
ture for AAV.1 A total of 251 patients were excluded because
they did not receive renal biopsy. Patients with other comorbid
renal diseases or secondary vasculitis, such as antiglomerular
basement membrane disease, drug induced vasculitis, or lupus
nephritis, were excluded. Patients with EGPA were also
excluded because EGPA is increasingly considered a distinct
type of AAV with different manifestations and outcomes com-

pared with GPA and MPA.12 Finally, 223 patients were enrolled
in this retrospective study. The details of the recruitment process
are shown in Figure 1.
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Twenty-seven of the 223 patients with ANCA-GN showed
simultaneously the characteristics of MN on renal biopsy. Three of
the 27 patients did not have typical manifestation of diffusely
thickened basement membrane in light microscopy or granular
deposition of immunoglobulins and complement along the base-
ment membrane in immunofluorescence microscopy, and MN
were diagnosed by electron microscopy in these 3 patients. Thirty
patients with age- and gender-matchedpatients with idiopathic MN
were also included. All the patients with membranous nephropathy
were diagnosed by electron microscopy. For the 27 ANCA-GN
patients with MN and the 30 patients with idiopathic MN men-
tioned above, secondary causes of MN, including other auto-
immune conditions, infectious diseases (especially hepatitis B
and C virus, and syphilis), tumors, and drugs or toxicant exposure
were excluded. MN lesions were classified into 4 stages according
to the Ehrenreich and Churg classification criteria.

Sera from all patients were collected before immunosup-
pressive treatment and preserved at�208C until use. Clinical data
of the patients were collected at the time of diagnosis as well as
during follow-up. Disease activity of AAV was assessed accord-
ing to the Birmingham Vasculitis Activity Score (BVAS).13 The

ilic granulomatosis with polyangiitis, MN¼membranous nephro-
approved by the ethics committee of our hospital. Informed
consent was obtained for sampling tissue and blood.

Detection of Serum ANCA and Anti-GBM

Antibodies

All the sera were tested for ANCA and anti-GBM anti-
bodies at the time of presentation before immunosuppressive

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



treatment was instituted. ANCA tests were performed by both
indirect immunofluorescence assay and antigen-specific
enzyme-linked immunosorbent assay (ELISA). Standard indir-
ect immunofluorescence assays were performed according to
the manufacturer (EUROIMMUN, Lübeck, Germany). Cyto-
plasmic ANCA and perinuclear ANCA were distinguished
according to staining patterns by 2 experienced technicians.
Two highly purified known ANCA antigens, PR3 and MPO,
were used as solid-phase ligands in ELISA. Anti-GBM anti-
bodies were detected by ELISA, using highly purified bovine
noncollagenous domain of a chains of type IV collagen as solid-
phase ligands, according to the manufacturer (EUROIMMUN).

Renal Histology
Renal biopsy specimens were evaluated using light and

electron microscopy. For light microscopy, paraffin sections were
stained with silver, periodic acid-Schiff, hematoxylin & eosin,
and trichrome, which were forwarded to 2 pathologists. Two
pathologists who were blinded to patients’ data evaluated the
slides separately, according to a previously standardized protocol
for scoring renal biopsies of patients with AAV.14,15 Local seg-
mental sclerosis, fibrinoid necrosis, crescents are calculated as
percentages of the total number of glomeruli, respectively. Inter-
stitial and tubular lesions were scored semiquantitatively on the
basis of the percentage of the tubulointerstitial compartment that
was affected: interstitial infiltrate (‘‘0’’ for 0%, ‘‘1’’ for 0–20%,
‘‘2’’ for 20–50%, and ‘‘3’’ for >50%), interstitial fibrosis (‘‘0’’
for 0%, ‘‘1’’ for 0–50%, and ‘‘2’’ for>50%), and tubular atrophy
(‘‘0’’ for 0%, ‘‘1’’ for 0–50%, and ‘‘2’’ for >50%). Moreover,
each biopsy was further classified as sclerotic, focal, crescentic,
or mixed category, according to the histopathologic classification
system of ANCA-GN proposed by Berden et al.16

Circulating Anti-PLA2R Antibodies and
Glomerular PLA2R Deposits

Circulating anti-PLA2R antibodies in patients were tested
by indirect immunofluorescence (EUROIMMUN) according to
the manufacturer’s protocol. In brief, human embryonic kidney
cell line (HEK293), which was transfected with full-length
complementary DNA encoding a PLA2R isoform, was utilized
for reaction with diluted serum. FITC conjugated antihuman
immunoglobulin (Ig) G was then added. After incubation, the
reactivity of individual sera with PLA2R was detected by
immunofluorescence microscopy examination. Two indepen-
dent observers evaluated all immunostains.

Glomerular PLA2R deposits were detected on paraffin-
embedded sections of formalin-fixed renal tissue. The minimum
sample size of this retrospective study was calculated by the
statistical formula described by Eng.17 Renal biopsy tissues from
15 ANCA-GN patients with MN who were selected randomly,
and 15 age- and gender-matched patients with idiopathic MN
were collected for detection of glomerular PLA2R deposits. Five-
mm-thick sections were deparaffinized, hydrated, and subjected
to pepsin treatment for 30 minutes for antigen retrieval. Biopsies
were stained for PLA2R by indirect immunofluorescence using a
rabbit anti-PLA2R primary antibody (Sigma-Aldrich, St Louis,
MO) and polyclonal goat antirabbit IgG (Cell Signaling Tech-
nology, Berwyn, CA) as the secondary antibody. Primary anti-
bodies were replaced by phosphate buffer saline (PBS) as blank
control. Normal kidney tissues were also stained as the negative
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control. Glomerular PLA2R deposits was considered positive if
there was positive granular capillary loop staining and negative if
there was no staining in glomeruli, as described previously.18

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Detection of IgG Subclasses Deposition in Renal
Specimen by Immunofluorescence Microscopy

Renal biopsy tissues from 15 ANCA-GN patients with MN
who were selected randomly, and 15 age- and gender-matched
patients with idiopathic MN, were collected for detection of IgG
subclasses deposition. Detection of IgG subclasses deposition in
glomeruli using Paraffin-embedded sections of formalin-fixed
renal tissues was utilized for indirect immunofluorescence.
Mouse monoclonal antibodies to human IgG1, IgG2, IgG3,
and IgG4 (Southern Biotech, Birmingham, AL) were used as
primary antibodies. In brief, sections were incubated with
primary antibodies diluted 1:200 at 48C overnight, followed by
the incubation with FITC-conjugated antimouse IgG (HþL) F
(ab’)2 fragment antibody (Cell Signaling Technology, Berwyn,
CA) at 37 8C for 30 minutes. PBS replacement of primary
antibodies was used as the blank control. Normal kidney tissues
were also stained as negative control. The renal biopsy tissues
were counterstained with 40, 6-diamidino-2-phenylindole nuclear
stain. The staining was examined by immunofluorescence micro-
scopy as described previously.19 This assessment was performed
by 2 observers that were blind to the background data.

Preparation of Recombinant MPO Fragments
Six recombinant linear fragments, covering the whole-

length amino acid sequence of a single chain of MPO, including
P, L, H1, H2, H3, and H4, were prepared as deletion mutants of
MPO from Escherichia coli, as described in our previous
studies.20,21 The amino acid sequences of the 6 fragments were
as follows: 49 to 164 for propeptide (P), 165 to 272 for light
chain (L), 279 to 409 for the N terminal of the heavy chain (H1),
399 to 519 for the second part of the heavy chain (H2); similarly,
510 to 631 for H3 and 622 to 745 for H4. All the 6 recombinant
MPO fragments were highly purified as proteins tagged with
histidines with >80% purity by Ni-nitrilotriacetic acid (Ni-
NTA) column chromatography (Thermo Fisher Scientific,
Rockford, USA). The mature MPO, which is produced by 2
heavy-light protomer units interacting, is a symmetric homo-
dimer of approximately 150 kDa, with each half linked by a
disulfide bond between C319 residues of the heavy subunit.

Determination of the Reactivity of Recombinant
Proteins of MPO by ELISA

The above-mentioned highly purified recombinant MPO
proteins were diluted at 10 mg/mL with 0.05 mol/L bicarbonate
buffer (pH 9.6). A 100 mL portion of the mixture was then plated
to half of the wells of a polystyrene microtitre plate (Nunc
Immunoplate, Nunc, Roskilde, Denmark) and kept overnight
at 48C. The other half was coated with 0.05 mol/L bicarbonate
buffer as antigen-free wells. The plate was washed 3 times with
PBS containing 0.1%Tween-20 (PBST) (Chemical Reagents,
Beijing, China). Two percent BSA diluted by PBS was used to
block the nonspecific binding sites. The sera of subjects were
diluted to 1:100 by PBST/0.5 mol/L NaCl (NaCl 0.5 mol/L, KCl
2.7 mmol/L, Na2HPO4 10 mol/L, KH2PO4 2 mol/L, pH 7.4) and
were added in duplication to both antigen-coated wells and
antigen-free wells at 37 8C for 60 minutes. Every plate contained
positive, negative, and blank controls. After washing thrice,
alkaline phosphatase-conjugated goat antihuman IgG (Fc
specific, Sigma) diluted 1:5000 was added. Incubation resumed
at 378C for 60 minutes. The plate was washed 3 times with

ANCA Glomerulonephritis and MN
washing buffer and the P-nitrophenyl phosphate (pNPP, 1 mg/
mL; Sigma) was used in substrate buffer (1 mol/L diethanolamine
and 0.5 Mmol/L MgCl2 [pH 9.8]). The results were recorded as
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TABLE 1. General Data of ANCA-GN Patients With and Without MN

With MN (n¼ 27) Without MN (n¼ 196) P

Age (y) 52.4� 17.7 58.0� 14.1 0.063
Sex (male/female) 17/10 92/104 0.151
Interval between onset of the disease and diagnosis

(mos; median and IQR)
3 (0.5, 97.3) 3 (0.2, 121.6) 0.691

MPA/GPA 21/6 144/52 0.816
MPO-ANCA/PR3-ANCA 25/2 177/19 0.889
fever, % (n) 37.0% (10/27) 57.7% (113/196) 0.035
CRP (mg/L) (median and IQR) 12.8 (2.0, 22.4) 15.6 (1.7, 55.4) 0.000
Fatigue 59.3% (16/27) 65.3% (128/196) 0.528
Weight loss 48.1% (13/27) 54.6% (107/196) 0.544
Muscle pain 33.3% (9/27) 30.1% (59/196) 0.824
Arthralgia 40.7% (11/27) 34.2% (67/196) 0.523
Pulmonary involvement 51.9% (14/27) 59.7% (117/196) 0.523
ENT 55.5% (15/27) 35.2% (69/196) 0.035
Gastrointestinal 22.2% (6/27) 13.8% (27/196) 0.251
Anemia 92.6% (25/27) 92.9% (182/196) 1.000
Leukocytosis 29.6% (8/27) 45.4% (89/196) 0.149
Thrombocytosis 22.2% (6/27) 39.3% (77/196) 0.094
Elevated ESR 88.9% (24/27) 91.8% (180/196) 0.710
Hemoglobin (g/L) 88.88� 20.61 89.72� 20.40 0.842
BVAS (mean�SD) 25.4� 6.3 19.1� 7.0 0.031
Urinary protein (g/24 h) 3.84� 2.35 2.17� 1.63 0.001
Nephrotic syndrome 33.3% (9/27) 15.8% (31/196) 0.034
Gross hematuria, % (n) 33.3% (9/27) 59.2% (116/196) 0.048
Serum creatinine on diagnosis (mmol/L) 566.6� 455.3 413.6� 320.3 0.029
Treatment, % (n)
Plasma exchange 37.0% (10/27) 29.6% (58/196) 0.250
Prednisone 92.7% (25/27) 98.0% (192/196) 0.156
Cyclophosphamide 92.7% (25/27) 93.9% (184/196) 0.680
Renal survival at 1 year, % (n) 59.3% (16/27) 82.7% (162/196) 0.009

The significance of values has been specified in bold in table. ANCA-GN¼ antineutrophil cytoplasmic antibody-associated glomerulonephritis,
BVAS¼Birmingham Vasculitis Activity Score, CRP¼C-reactive protein, ENT¼ ear, nose and throat, GPA¼ granulomatosis with polyangiitis,
IQR¼ interquartile range, MN¼membranous nephropathy, MPA¼microscopic polyangiitis, MPO¼myeloperoxidase, PR3¼ proteinase 3,
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the net absorbance value (the absorbance values of peptide-coated
wells minus the absorbance values of antigen-free wells) at
405 nmol (A 405 nmol) and samples were considered positive
if the A 405 nmol exceeded meanþ2 standard deviation (cutoff
value) of the A 405 nmol of the sera from 30 normal blood donors.

Treatment
The treatment protocols have been described pre-

viously.2,22,23 In brief, induction therapy typically included
corticosteroids in combination with cyclophosphamide
(CTX). Oral prednisone was prescribed at an initial dosage
of 1 mg/kg/d for 4 to 6 weeks, reducing the doses over time to
12.5 to 15 mg by 3 months, to 10 mg by 6 to 9 months, and then
to�5 mg by 18 to 24 months. In general, corticosteroid therapy
should last no longer than 24 months. CTX was administered
either intravenously at a dosage of 0.7 gm/m2 every month or
orally at a dosage of 2 mg/kg/day. Oral CTX therapy continued
for 3 to 4 months, and intravenous CTX therapy continued for 6

SD¼ standard deviation.
to 9 months (usually 6–9 pulses). Therefore, the total amounts
administered were 9 to 12 g for oral CTX and 6 to 9 g for
intravenous CTX. For patients >65 years and those with renal

4 | www.md-journal.com
insufficiency, the dose of CTX was reduced by 25%. CTX was
temporarily stopped in patients in whom leukocytopenia
(<4000 cells/mm3) developed. Patients with acute renal failure
or pulmonary hemorrhage received 3 pulses of intravenous
methylprednisolone (7–15 mg/kg/day) before the above-men-
tioned induction therapy. Patients with severe pulmonary
hemorrhage or acute renal failure requiring dialysis at diagnosis
received additionally plasma exchanges. Maintenance therapy
was started after induction therapy. For maintenance therapy,
intravenous CTX 0.7 g/m2 every 3 months or daily oral
azathioprine (AZA, 2 mg/kg/d) was given, with the duration
of at least 2 years.

Statistical Analysis
Results were expressed as mean� standard deviation (for

data that were normally distributed), or median and interquartile
range (IQR) (for data that were not normally distributed).
Differences of quantitative parameters between groups were

assessed using the t test (for data that were normally distributed)
or nonparametric test (for data that were not normally distrib-
uted). Differences of semiquantitative results were tested using

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 2. Renal Histology of ANCA-GN Patients With and Without MN

Lesion With MN (n¼ 27) Without MN (n¼ 196) P

Normal glomeruli (%) (mean� SD) 28.8� 28.4 32.9� 30.4 0.481
Crescent (%) (mean�SD) 54.9� 34.3 55.5� 31.2 0.929
Cellular crescent (%) (mean�SD) 30.9� 30.8 43.2� 30.0 0.035
Fibrous crescent (%) (median and IQR) 12.5 (0,60.3) 4.8 (0,17.3) 0.027
Fibrinoid necrosis (%) (median and IQR) 0 (0, 3.9) 0 (0, 4.8) 0.519
Glomerular sclerosis (%) (median and IQR) 0 (0, 4.8) 0 (0, 6.6) 0.535
Tubular atrophy score (mean�SD) 1.1� 0.6 0.9� 0.8 0.028
Interstitial fibrosis score (mean�SD) 1.2� 0.6 0.8� 0.6 0.013
Histopathologic categories: focal/mixed/crescentic/sclerotic 6/6/11/4 52/51/89/4 0.011

ANCA-GN¼ antineutrophil cytoplasmic antibody-associated glomerulonephritis, IQR¼ interquartile range, MN¼membranous nephropathy,
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the Mann–Whitney U test. Differences of qualitative results
were compared using x2 test. Kaplan–Meier curves were used
to analyze patient survival as well as renal survival. It was

SD¼ standard deviation.
considered significant difference if the P value was< 0.05.

Analysis was performed with SPSS statistical software package
(version 13.0; Chicago, IL).

RESULTS

General Data of the Patients
Among the 27 patients with combined ANCA-GN and

MN, 17 were male and 10 were female, with an age of
52.4� 17.7 years at diagnosis. Twenty-five patients were peri-
nuclear ANCA positive and all the sera could recognize MPO; 2
patients were cytoplasmic ANCA positive and all the sera could
recognize PR3. None of the patients in the cohort was serum
anti-GBM antibodies positive. The ANCA-GN patients with
MN had significantly higher prevalence of ear, nose, and throat
(ENT) involvement (55.5% vs 35.2%, P¼ 0.035) and higher
levels of BVAS (25.4� 6.3 vs 19.1� 7.0, P¼ 0.031) than those
with ANCA-GN alone. Furthermore, compared with the
ANCA-GN patients, those with MN had significantly higher
levels of urinary protein (3.84� 2.35 vs 2.17� 1.63 g/24 h,
P¼ 0.001), higher prevalence of nephrotic syndrome (33.3%
vs 15.8%, P¼ 0.034), and higher levels of initial serum crea-
tinine (566.6� 455.3 vs 413.6� 320.3 mmol/L, P¼ 0.029)
(Table 1).

Renal Histology
The renal biopsy findings are detailed in Table 2. Sampling

for light microscopy included a mean of 27.6 glomeruli (range
7–63). Compared with the ANCA-GN patients without MN,
patients with MN had a significantly higher proportion of
fibrous crescent (12.5% (IQR: 0–60.3) versus 4.8% (IQR:
0–17.3), P¼ 0.027) and a significantly lower proportion of
cellular crescent (30.9%� 30.8% vs 43.2%� 30.0%,
P¼ 0.035). The scores of interstitial fibrosis and tubular atrophy
were significantly higher in ANCA-GN patients with MN than
that in patients without MN (1.1� 0.6 vs 0.9� 0.8, P¼ 0.028;
1.2� 0.6 vs 0.8� 0.6, P¼ 0.013, respectively). There was a
significant difference in the classification scheme proposed by

Berden et al between ANCA-GN patients with and without MN
(P¼ 0.011), with the proportion of sclerotic category being
much higher in the ANCA-GN patients with MN (Table 2).

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Among the 27 ANCA-GN patients with MN, 15 and 12
patients were classified as stage I and stage II of
MN, respectively.

Treatment and Outcomes
Treatment protocols were comparable between ANCA-

GN patients with and without MN (Table 1). The median
duration of follow-up for the 223 patients with ANCA-GN
was 40 (range 1–152) months. The mean duration of CTX and
prednisone were 5.7� 3.2 and 18.5� 11.2 months, respect-
ively. Among the ANCA-GN patients with MN, 11 of 27
(40.7%) patients died and 13 of 27 (48.1%) patients progressed
to ESRD. Six (22.2%) and 11 (40.7%) patients died and
progressed to ESRD within 12 months, respectively. ANCA-
GN patients with MN had significantly poorer renal outcome
(P¼ 0.021; Figure 2A) and patients’ survivals (P¼ 0.036;
Figure 2B) compared with the patients without MN. No sig-
nificant difference in causes of death was found between
ANCA-GN patients with and without MN. Infection is the first
cause of death in ANCA-GN patients with and without MN
(Table 3).

Epitope Specificity of Circulating Antibodies
Against MPO

Six constructed linear protein fragments P, L, H1, H2, H3,
and H4 corresponding to the MPO epitope were tested by
ELISA for MPO-ANCA positive patients. The cutoff values
of positive reactivity, built up by normal sera testing, for
recombinants P, L, H1, H2, H3, and H4 were 0.14, 0.20,
0.23, 0.24, 0.24, and 0.13, respectively. Serum samples were
collected from 24 of 25 MPO-ANCA positive patients with MN
who had sufficient serum sample and 24 ANCA-GN patients
without MN who were age- and gender-matched. Sera samples
from ANCA-GN patients with and without MN were demon-
strated to recognize all the 6 constructed linear protein frag-
ments. Sera from 21 (87.5%) of 24 patients with MN and 16
(66.7%) of 24 patients without MN could recognize at least 1
peptide. ANCA-GN patients with MN recognized the L and H3
fragments more frequently than those with ANCA-GN alone
(66.7% vs 33.3%, P¼ 0.042; 87.5% vs 29.2%, P¼ 0.000,
respectively). The optical density values against L, H3 fragment

were significantly higher in patients with MN than those in
ANCA-GN patients without MN (0.46� 0.28 vs 0.24� 0.10,
P¼ 0.001; 0.93� 0.74 vs 0.44� 0.36, P¼ 0.000, respectively).
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No significant difference of fragments P, H1, H2, and H4
recognition was observed between the two groups of patients
(Table 4).

IgG Subclasses Deposition
All the 4 IgG subclasses deposition was detected on renal

biopsy sections from the 2 groups (Table 5, Figure 3). Immuno-
fluorescence assay revealed granular deposition of IgG2 and
IgG3 along capillary loops in patients with combined ANCN-
GN and MN. The frequency of IgG2 and IgG3 deposition in
patients with combined ANCN-GN and MN were significantly
higher than that in patients with idiopathic MN (53.3% vs
13.3%, P¼ 0.027; 66.7% vs 20.0%, P¼ 0.013, respectively).
IgG4 is the predominant IgG subclass deposited in glomeruli of
patients with idiopathic MN. The frequency of IgG4 deposition
in patients with combined ANCN-GN and MN were signifi-
cantly lower than that in patients with idiopathic MN (20.0% vs
86.6%, P¼ 0.000). No significant difference of IgG1 deposition
was observed between the 2 groups of patients (46.7% vs
66.7%, P¼ 0.296) (Table 5).

Circulating Anti-PLA2R Autoantibodies and
Glomerular PLA2R Expression

M-type PLA2R has been identified as a major target
antigen in idiopathic MN. For study of circulating anti-PLA2R

FIGURE 2. Outcomes of antineutrophil cytoplasmic antibody-ass
nephropathy. A, Kaplan–Meier analysis for renal survival. B. Kapla
autoantibodies, serum samples from 24 patients with combined
ANCA-GN and MN who had sufficient serum sample, and 20
age- and gender-matched patients with idiopathic MN were

TABLE 3. Comparison of Death Causes between ANCA-GN Patie

ANCA-GN With MN (n¼ 11) (%)

Infection 4/11 (36.4)
Active vasculitis 2/11 (18.2)
Renal insufficiency 1/11 (9.0)
Malignancy 0/11 (0.0)
Cardiovascular disease 2/11 (18.2)
Others or unknown 2/11 (18.2)

ANCA-GN¼ antineutrophil cytoplasmic antibody-associated glomerulon
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included. Compared with idiopathic MN patients, the reactivity
against PLA2R was significantly lower in sera from patients
with combined ANCA-GN and MN (12.5 % vs 65.0%,
P¼ 0.028) (Table 6, Figure 4A).

Glomerular expression of PLA2R was positive in 1 of 15
cases of patients with combined ANCA-GN and MN, and 10 of
15 cases of idiopathic MN (6.6% vs 66.6%, P¼ 0.015) (Table 6,
Figure 4B). None of ANCA-GN patients without MN had
positive detection of PLA2R in glomeruli.

DISCUSSION
ANCA-GN and concurrent MN has been increasingly

described since the first report by Gaber6 in 1993. It was
reported that patients with combined ANCA-GN and MN are
likely to have heavy proteinuria and poor renal outcomes10;
however, these previous studies did not compare those with and
without the coexistence of MN within the whole cohort of AAV
patients. The current study analyzed 223 AAV patients receiv-
ing renal biopsy in our single center. It was found >10% of the
patients had MN. To the best of our knowledge, this is largest
series to date focusing on patients with combined ANCA-GN
and MN.

Our study investigated clinical and pathologic character-
istics of ANCA-GN patients with MN, in comparison with those
without MN. It was found that compared with ANCA-GN

ted glomerulonephritis patients with and without membranous
Meier analysis for patients’ survival.
patients, patients with MN had higher urinary protein secretion
as well as higher prevalence of nephrotic syndrome, which
could be explained by the presence of MN lesion. We also found

nts With and Without MN

ANCA-GN Without MN (n¼ 44) (%) P

23/44 (52.3) 0.503
5/44 (11.4) 0.617
3/44 (6.8) 0.602
3/44 (6.8) 0.505
4/44 (9.1) 0.588
6/44 (13.6) 0.654

ephritis, MN¼membranous nephropathy.
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TABLE 4. The Reactivity of MPO-ANCA Against the Linear Fragments of MPO in ANCA-GN Patients with and Without MN

Epitope With MN (n¼ 24) Without MN (n¼ 24) P

Propeptide (P, aa49–164)
Frequency, % (n) 20.8 (5/24) 16.7 (4/24) 0.827
Absorbance value 0.34� 0.21 0.23� 0.18 0.513

Light chain (L, aa164–272)
Frequency, % (n) 66.7 (16/24) 33.3 (8/24) 0.042
Absorbance value 0.46� 0.28 0.24� 0.10 0.001

Heavy chain (H1, aa279–409)
Frequency, % (n) 54.2 (13/24) 75.0 (18/24) 0.227
Absorbance value 0.38� 0.30 0.43� 0.28 0.513

Heavy chain (H2, aa399–519)
Frequency, % (n) 75.0 (18/24) 58.3 (14/24) 0.359
Absorbance value 0.62� 0.36 0.64� 0.37 0.882

Heavy chain (H3, aa510–631)
Frequency, % (n) 87.5 (21/24) 29.2 (7/24) 0.000
Absorbance value 0.47� 0.24 0.20� 0.23 0.000

Heavy chain (H4, aa622–740)
Frequency, % (n) 54.2 (13/24) 45.8 (11/24) 0.773
Absorbance value 0.56� 0.24 0.61� 0.35 0.543

NC
s ne

Medicine � Volume 94, Number 37, September 2015 ANCA Glomerulonephritis and MN
that ANCA-GN patients with MN had more severe renal injury,
including poorer initial renal function and more severe tubu-
lointerstitial lesion than those without MN. The severe tubu-
lointerstitial lesion was probably associated with the
coexistence of MN.24,25

Although the comparable treatments were performed
between ANCA-GN patients with and without MN, patients
with MN still had poorer renal survival and patients’ survival
than those without MN. We speculate that an additive effect
between immune complexes and ANCA aggravates glomeru-
lonephritis lesions.3,26 In addition to steroids and alkylating
agents, ACE inhibitors and/or ARBs were frequently used in
membranous nephropathy for the cardiovascular and renal
protection.27 Rituximab was considered as a specific and hope-
fully safer treatment for patients with idiopathic MN27,28;
however, its efficacy in patients with ANCA-GN and MN needs
further investigation.

Both in vivo and in vitro studies suggested ANCA is

The significance of values has been specified in bold in table. A
cytoplasmic antibody-associated glomerulonephritis, MN¼membranou
pathogenic in AAV.29,30 In our study, most of the patients were
MPO-ANCA positive, which was in line with our previous
finding.31,32 Epitope specificity, one of the major immunologic

TABLE 5. IgG Subclass Deposition in Glomeruli

IgG Subclass ANCA-GN With MN (n¼ 15)

IgG1
Frequency,% (n) 46.7 (7/15)

IgG2
Frequency,% (n) 53.3 (8/15)

IgG3
Frequency,% (n) 66.7 (10/15)

IgG4
Frequency,% (n) 20.0 (3/15)

ANCA-GN¼ antineutrophil cytoplasmic antibody-associated glomerulon

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
characteristics of MPO-ANCA, was proved to be associated
with the clinicopathologic features of AAV.20,33 In the current
study, it was found that light chain fragment was more fre-
quently recognized in ANCA-GN patients with MN than those
without MN. Also, ANCA-GN patients with MN had signifi-
cantly higher levels of BVAS and initial serum creatinine than
those without MN. These results were in line with our previous
finding that AAV patients with positive binding to light chain
fragment had more severe renal dysfunction and systemic
disease activity.20 The potential pathogenic role of autoantibody
to light chain fragment is worth of further investigation.

The immunologic characteristics of autoantibodies were
used to distinguish idiopathic MN from secondary MN, which
may exhibit different pathophysiologic mechanisms of
immune complex deposition.34 It has been demonstrated that
PLA2R is a typical antigen with in situ subepithelial immune
complex formation in idiopathic MN. In our study, the preva-
lence of circulating PLA2R antibodies and glomerular PLA2R

A¼ antineutrophil cytoplasmic antibody, ANCA-GN¼ antineutrophil
phropathy, MPO¼myeloperoxidase.
deposits in patients with combined ANCA-GN and MN was
significantly less than that in idiopathic MN patients. We also
found that the IgG subclasses deposition presented the IgG2

Idiopathic MN (n¼ 15) P

66.7 (10/15) 0.296

13.3 (2/15) 0.027

20.0 (3/15) 0.013

86.6 (13/15) 0.000

ephritis, IgG¼ immunoglobulin G, MN¼membranous nephropathy.
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and IgG3 dominant patterns, which is different from the typical
IgG4 dominant pattern for idiopathic MN.35 Therefore, we
speculate that the pathogenesis of MN lesions in patients with
combined ANCA-GN and MN is not associated with anti-
PLA2R reactivity and is distinct from that of idiopathic MN.

FIGURE 3. Immunoglobulin G subclass deposition in glomeruli.
Considering that the staining for the positive PLA2R and IgG
subclass predominance is useful for differential diagnosis
between idiopathic and secondary MN, the concurrent of

TABLE 6. Comparison of ANCA-GN Patients With MN and Patie

ANCA-GN

Age (y) 52.3
Sex (male/female)

Stage of MN
I-MN (%) 54.
II-MN (%) 45.
Positive for sera anti-PLA2R antibodies (%) 12
Positive for glomerular PLA2R deposition (%) 6.
Urinary protein (g/24 h) 3.8
Glomerular sclerosis (%) (median and IQR) 0
Interstitial infiltrates (�/þ/þþ/þþþ) 2
Interstitial fibrosis (�/þ/þþ)
Tubular atrophy (�/þ/þþ)

ANCA-GN¼ antineutrophil cytoplasmic antibody-associated glomerulo
PLA2R¼M-type phospholipase A2 receptor.
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ANCA-GN and MN might represent related diseases other
than a coincidence.

The mechanism for membranous nephropathy-like lesions
formed in patients with ANCA-GN is not fully clear. It has been
found that MPO released from activated neutrophils could be

trapped within the GBM, forming immune complexes during
the inflammation process induced by ANCA.36 More impor-
tantly, the colocalization of MPO and IgG within the GBM was

nts With Idiopathic MN

With MN (n¼ 24) Idiopathic MN (n¼ 20) P

7� 17.65 50.32� 21.84 0.843
17/10 14/6 0.758

2 (13/24) 60.0 (12/20) 0.766
8 (11/24) 40.0 (8/20)
.5 (3/24) 65.0 (13/20) 0.028
6 (1/15) 66.6 (10/15) 0.015
4� 2.35 5.13� 3.01 0.562
(0, 4.8) 0 (0, 3.7) 0.632
/5/14/3 4/6/8/2 0.522
5/15/4 3/14/3 0.854
1/16/7 2/14/4 0.628

nephritis, IQR¼ interquartile range, MN¼membranous nephropathy,

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 4. The observation of circulating anti-M type phospholipase A2 receptor (PLA2R) antibodies and glomerular PLA2R expression in
antineutrophil cytoplasmic antibody-associated glomerulonephritis patients with membranous nephropathy. A, The circulating anti-
bodies against PLA2R. B, The expression of PLA2R in glomeruli.
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observed in patients with combined ANCA-GN and MN by
double immunofluorescence and immunoelectron microscopy
examination.37,38 Based on these observations, it is speculated
that MPO released from activated neutrophils may bind to
glomerular cells and could be trapped within GBM, inducing
immune complex deposits and developing membranous nephro-
pathy-like lesions37; however, the detailed mechanism of MN-
like lesions formation in ANCA-GN still needs further research.

Our study has several limitations. Firstly, the ANCA-GN
patients in our cohort were MPO-ANCA dominance, which was
in line with our previous studies.22,23 This is different in a
European or North American population enriched with PR3-
ANCA. Therefore, the results of MN in PR3-ANCA patients
need further confirmation. Also, the mechanism of membranous
nephropathy-like lesions formed in PR3-ANCA positive
patients may be different. Secondly, limited by the relatively
small sample size in ANCA-GN patients with MN, the detection
of PLA2R in the glomeruli was not more sensitive than sera
testing. Furthermore, as a retrospective study, for MN patients,
ANCA were not routinely tested, especially when they did not
have many red blood cells in urinary analysis or elevated serum
creatinine. Therefore, the numbers of concurrent ANCA-GN
and MN might be underestimated.
In conclusion, patients with combined ANCA-GN and MN
had distinct clinical features and a different pathogenesis of
MN.
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