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Abstract: Background: To investigate the clinico-pathological characteristics and prognoses in patients with concur-
rent membranous nephropathy (MN) and IgA nephropathy (IgAN). Methods: Data for MN and IgAN patients from 
January 2009 to June 2014 were retrospectively analyzed. The clinico-pathological features were compared among 
concurrent MN-IgAN, MN and IgAN patients. Results: Fifty-five concurrent MN-IgAN patients were enrolled, account-
ing for 1.7% of MN patients and 0.7% of IgAN patients. The mean age of the 55 patients at biopsy was 42±12 years, 
and 52.7% were male. The median levels of proteinuria and hematuria and the mean estimated glomerular filtra-
tion rate (eGFR) were 2.64 g/24 h, 18×104/ml and 104.2 ml/min/1.73 m2, respectively, and were similar to those 
in patients with MN. The positive rate of serum phospholipase A2 receptor antibodies (PLA2R-Ab) was lower in the 
concurrent MN-IgAN group than in the MN group (40.0% vs. 70.9%, P<0.001), while the positive rate of glomerular 
PLA2R antigen was not significantly different (78.2% vs. 88.2%, P=0.091). Compared with the IgAN group, patients 
in the concurrent MN-IgAN group were older and had a higher median proteinuria level, a lower median hematuria 
level, a higher eGFR, and milder pathological lesions. At the end of the follow-up period, 5.5% patients showed 
>50% decline in eGFR in the concurrent MN-IgAN group, which was not different from the MN group or IgAN group. 
Conclusion: Patients with concurrent MN-IgAN showed a favorable prognosis and clinico-pathological features that 
were similar to those of patients with MN but different from those of patients with IgAN. 
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Introduction

Membranous nephropathy (MN) accounts for 
9.89% of primary glomerulonephritis in China 
[1]. MN is characterized by nephritic syndrome 
clinically and glomerular subepithelial deposits 
that predominantly consist of IgG and C3 patho-
logically. IgA nephropathy (IgAN) is the most 
common form of glomerulonephritis, account-
ing for 45.26% of primary glomerulonephritis 
[1]. IgAN is characterized by variable clinical 
features ranging from asymptomatic micro-
scopic hematuria and varying degrees of pro-
teinuria to rapid deterioration of renal function, 
and dominant or codominant glomerular 
mesangial deposits of IgA. More than 40 cases 
of concurrent MN-IgAN have been reported pre-
viously. However, the pathogenesis of concur-
rent MN-IgAN remains controversial, and the 
prognosis is unclear. The M-type phospholi- 
pase A2 receptor (PLA2R) is the major target 

antigen (Ag) in idiopathic MN, with detectable 
autoantibodies (Ab) in the serum in 52 to 82% 
of patients [2-5]; antigen deposition in the 
glomeruli is even more common [4, 6, 7]. 
Previous studies of concurrent MN-IgAN have 
been limited by small sample sizes and a lack of 
PLA2R records.

We analyzed and compared the data from adult 
Chinese patients with concurrent MN-IgAN to 
those of patients with MN or IgAN to investigate 
the clinico-pathological characteristics and 
prognoses. The serum PLA2R-Ab and the glo-
merular PLA2R-Ag were evaluated in all patients 
with concurrent MN-IgAN and MN.

Materials and methods

Study population

The clinical and renal histopathological data of 
patients with native biopsy-proven MN and 
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IgAN in Jinling Hospital, Nanjing, from January 
2009 to July 2014 were retrospectively 
reviewed. 

The inclusion criteria were as follows: (1) MN on 
light microscopy with diffuse granular IgG (≥2+) 
with C3 deposition along the capillary wall of 
glomeruli on immunofluorescence and subepi-
thelial deposition on electron microscopy; (2) 
diffuse IgA deposition (≥2+) in the mesangial 
area with or without capillary wall deposition of 
glomeruli on immunofluorescence and mesan-
gial deposition on electron microscopy; and (3) 
lack of any clinical, immunological or histologi-
cal evidence of other glomerular disease or sys-
temic disorders, such as lupus nephritis, rheu-
matoid arthritis, virus infection, thyroid-associ-
ated autoimmune disease or drug exposure. All 
antinuclear antibody (ANA) detections were 
negative, with normal serum C3 and C4 levels. 
Hepatitis B virus (HBV) Ag, including hepatitis B 
surface Ag, hepatitis B core Ag, or hepatitis B e 
Ag staining in renal tissues was negative. 

The control groups of patients with MN or IgAN 
were randomly selected from the same period 
with a ratio of 2:1 compared with the concur-
rent MN-IgAN group. 

Indications for renal biopsies included protein-
uria (>0.4 g/24 h), hematuria (urine sediment 
red cell count (RBC) >10×104 cells/ml) and/or 
impaired renal function. 

Clinical data

Data submitted at the time of biopsy included 
sex, age, manifestation of onset, hypertension, 
urinary protein excretion, hematuria, serum 
creatinine (Scr) level, albumin level, serum 
PLA2R-Ab (indirect immunofluorescence test, 
Euroimmune), ANA, serum complement C3 and 
C4 levels, and HBV detection. Follow-up data 
included treatment with angiotensin-converting 
enzyme inhibitors (ACEI)/angiotensin II recep-
tor blockers (ARB), prednisone (Pred), tacrolim-
us, cyclophosphamide (CTX), cyclosporine A 
(CsA) and mycophenolate mofetil (MMF); the 
most recent Scr measurement and the protein-
uria level.

Definitions

Hypertension was defined as systolic blood 
pressure ≥140 mmHg and/or diastolic blood 
pressure ≥90 mmHg or the long-term use of 

antihypertensive drugs. Nephrotic syndrome 
was defined as urinary protein ≥3.5 g/24 h and 
serum albumin <30 g/L. The estimated glomer-
ular filtration rate (eGFR) was calculated using 
the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) equation [8].

Renal histopathology

For light microscopy analysis, the tissue was 
serially sectioned and stained using hematoxy-
lin and eosin, periodic acid-Schiff, methyla- 
mine-silver, and Masson’s trichrome. Cryose-
ctions were stained with fluorescein isothiocya-
nate (FITC)-conjugated rabbit anti-human IgG, 
IgA, IgM, C3, and C1q. To detect the presence 
of glomerular PLA2R-Ag, paraffin tissues were 
stained with conjugated rabbit polyclonal anti-
human PLA2R antibody (Atlas Antibodies) fol-
lowed by a FITC-conjugated swine anti-rabbit 
IgG antibody (Dako). Renal IgG subclasses were 
measured on cryosections using mouse anti-
human IgG1, IgG2, IgG3, and IgG4 monoclonal 
antibodies (Sigma-Aldrich) followed by a FITC-
conjugated rabbit anti-mouse antibody (Dako). 
For electron microscopy, the tissue was pro-
cessed according to standard protocols. 

Light microscopy scoring was based on the 
Oxford classification of IgAN. A glomerular 
mesangial hypercellularity score ≥0.5 was 
scored as M1, the presence of endocapillary 
hypercellularity was scored as E1, the presence 
of segmental glomerulosclerosis was scored as 
S1, and the percentage of the cortical area 
involved by tubular atrophy or interstitial fibro-
sis was scores as follows: 0-25% was classified 
as T0, 26-50% was classified as T1, and >50% 
was classified as T2. In addition, the presence 
of cellular/fibrocellular crescent was scored as 
C1, and the presence of capillary necrosis was 
scored as N1 in this study [9].

The intensity of staining with immune reactants 
(IgG, IgA, IgM, C3, C1q, IgG subclasses) was 
scored by their distribution in mesangial areas 
and capillary walls and was graded on a scale 
of 0, trace, 1, 2, or 3 (absent, equivocal, weak, 
moderate, or strong). The glomerular PLA2R-Ag 
manifesting as granular fluorescence deposits 
along the outer aspect of the glomerular capil-
lary loop was scored as positive. 

For electron microscopy, the stages of MN were 
scored as I, II, III or IV.
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All biopsy slides were scored by two patholo-
gists separately (Dr. Shaoshan Liang and Dr. 
Caihong Zeng) without knowledge of the 
patients’ clinical outcomes. Differences in scor-
ing between pathologists were resolved by re-
reviewing the biopsies and reaching a con- 
sensus.

Outcome

The primary end point of this study was worsen-
ing renal function defined as a >50% reduction 
in eGFR at the end of the study compared with 
the baseline eGFR. The secondary end point 
was classified as 1) complete remission (CR): 
proteinuria <0.3 g/24 h without hematuria; 2) 
partial remission (PR): a >50% decline in pro-
teinuria since the biopsy to a level <3.5 g/24 h; 
or 3) no remission (NR): a <50% decline in pro-
teinuria since the biopsy or a level >3.5 g/24 h.

Statistical analysis

Normally distributed variables were expressed 
as the mean ± SD and were compared using 

Student’s t-test. Non-parametric variables were 
expressed as the median (interquartile range 
(IQR)) or (range) and were compared using the 
Mann-Whitney-Wilcoxon test. Categorical vari-
ables were expressed as the number of posi-
tive cases (percentages) and were compared 
using the Pearson χ2 test. All P values were two-
tailed, and a P<0.05 was considered statisti-
cally significant. All analyses were performed 
using SPSS 18.0 software for Windows (SPSS 
Inc., Chicago, IL, USA).

Results

During the study period, the total number of 
native kidney biopsies was 24,621; of these, 
3,214 patients had a diagnosis of MN, and 
8,021 patients had a diagnosis of IgAN. A total 
of 55 patients met the inclusion criteria of con-
current MN-IgAN, accounting for 0.2% of native 
kidney biopsies, 1.7% of MN patients and 0.7% 
IgAN patients.

Two patients underwent a repeat biopsy. These 
subjects were diagnosed with IgAN, developed 

Table 1. Comparison of the clinical features among patients with concurrent MN-IgAN, MN and IgAN
Concurrent MN-IgAN 

(n=55) MN (n=110) P* IgAN (n=110) P﹟

Baseline
    Age (year) 42±12 45±15 0.170 35±10 <0.001
    Female 26 (47.3%) 40 (36.4%) 0.178 52 (47.3%) 0.509
    Disease duration (month) 2 (IQR 1-6) 3 (IQR 1-7) 0.403 14 (IQR 2-37) <0.001
    Hypertension 22 (40.0%) 33 (30.0%) 0.199 39 (35.5%) 0.569
    Gross hematuria 1 (1.8%) 0 (0%) 0.333 32 (29.1%) <0.001
    Nephrotic syndrome 15 (27.3%) 34 (30.9%) 0.603 3 (2.7%) <0.001
    Hematuria (x 104/ml) 18 (IQR 4-44) 11 (IQR 3-35) 0.178 40 (IQR 6-101) 0.047
    Proteinuria (g/24 h) 2.64 (IQR 1.32-4.95) 3.19 (IQR 1.74-5.13) 0.483 1.26 (IQR 0.76-1.98) <0.001
    Albumin (g/L) 31.5±5.8 30.1±5.2 0.118 36.7±5.1 <0.001
    eGFR (ml/min.1.73 m2) 104.2±21.0 106.0±24.1 0.638 87.2±29.4 <0.001
Follow-up
    Duration of follow-up (month) 30 (IQR 18-41) 27 (IQR 17-43) 0.893 36 (IQR 28-46) 0.011
    >50% decline in eGFR 3 (5.5%) 10 (9.1%) 0.609 9 (8.2%) 0.751
    CR 21 (38.2%) 54 (49.1%) 0.253 53 (48.2%) 0.249
    PR 15 (27.3%) 19 (17.3%) 32 (29.1%)
    NR 19 (34.5%) 37 (33.6%) 25 (22.7%)
Treatment
    ACEI/ARB 43 (78.2%) 82 (74.5%) 0.607 108 (98.2%) <0.001
    Pred 38 (69.1%) 64 (58.2%) 0.174 12 (10.9%) <0.001
    Other IS 9 (16.4%) 17 (15.5%) 0.880 19 (17.3%) 0.883
P*: P value for concurrent MN-IgAN group versus MN group; P﹟: P value for concurrent MN-IgAN group versus IgAN group. MN: 
membranous nephropathy; IgAN: IgA nephropathy; IQR: interquartile ranges; eGFR: estimated glomerular filtration rate; CR: 
complete remission; PR: partial remission; NR: no remission; ACEI: angiotensin-converting enzyme inhibitors; ARB: angiotensin II 
receptor blockers; Pred: prednisone; IS: immunosuppressant.
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nephrotic syndrome in 38 months and 192 
months, respectively, and were diagnosed as 
IgAN combined with MN on repeat biopsy.

Clinical feature comparison among patients 
with concurrent MN-IgAN, MN and IgAN

Patients with concurrent MN-IgAN had a mean 
age of 42±12 years old, and the group was 
comprised of 29 males and 26 females. There 
were 63.6% of patients who initially presented 
with proteinuria, 7.3% with hematuria, and 
29.1% with simultaneous proteinuria and 
hematuria. 

The clinical features of patients with concurrent 
MN-IgAN, MN and IgAN are presented in Table 

1. Age, gender ratio, disease duration before 
biopsy, incidence of hypertension, proteinuria, 
hematuria, and eGFR levels were not signifi-
cantly different between the concurrent MN- 
IgAN group and the MN group. The positive rate 
of serum PLA2R-Ab was lower in the concurrent 
MN-IgAN group than in the MN group (40.0% 
vs. 70.9%, P<0.001). Compared with the IgAN 
group, the concurrent MN-IgAN group was older 
(42 years vs. 35 years, P<0.001) and had a 
shorter disease duration before biopsy (2 
months vs. 14 months, P<0.001), a higher 
median proteinuria level (2.64 g/24 h vs. 1.26 
g/24 h, P<0.001), a lower median hematuria 
level (18×104/ml vs. 40×104/ml, P=0.047), and 
a higher eGFR level (104.2 ml/(min.1.73 m2) vs. 
87.2 ml/(min.1.73 m2), P<0.001). 

Figure 1. Pathological features of concurrent MN-IgAN. The glomerulus exhibits mild mesangial area expansion with 
capillary loop stiffness (periodic acid-Schiff, original magnification, ×400) (A). Concomitant presence of mesangial 
and subepithelial electron dense deposits with spikes formation (electron microscopy) (B). There was diffuse granu-
lar capillary wall staining for IgG (C) and diffuse mesangial area staining for IgA (D) in the same glomerulus (original 
magnification, ×400).
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Pathological feature comparison among pa-
tients with concurrent MN-IgAN, MN and IgAN

All biopsies of patients with concurrent 
MN-IgAN showed features of MN and IgAN 
(Figure 1). In all of the concurrent MN-IgAN 
cases, there was diffuse granular capillary wall 
staining for IgG without identification of mesan-
gial staining (Figure 1C). All of the biopsy speci-
mens showed diffuse IgA mesangial deposits 
(Figure 1D), and two cases showed a capillary 
wall deposit of IgA with the intensity of 1+. The 
C3 staining was located in the capillary wall 
and mesangial area. Eighteen cases showed 
granular capillary wall staining for C1q with 
intensity of trace or 1+ without mesangial  
staining. There was no “full house” staining.  
Of the IgG subclasses, the positive rates of 
IgG1, IgG2, IgG3 and IgG4 were 100%, 89.7%, 
82.7% and 100%, respectively, and the mean 
intensities were 2.03, 1.24, 1.18 and 2.52, 
respectively, with IgG4 showing predominant 
deposition. 

The histological features of patients with con-
current MN-IgAN and IgAN were compared 
(Table 2). Patients with concurrent MN-IgAN 
showed lower rates of M1 (10.9% vs. 54.5%, 
P<0.001), S1 (25.5% vs. 83.6%, P<0.001) and 
C1 (5.5% vs. 48.2%, P<0.001) than those with 
IgAN. The rates of E1, N1 and T1/T2 were not 
significantly different between these two 
groups. 

The pathological features of patients with con-
current MN-IgAN and MN were compared 
(Table 3). The positive rates of glomerular 
PLA2R-Ag were not significantly different 
between the concurrent MN-IgAN group and 
the MN group (78.2% vs. 88.2%, P=0.091). The 

(5.5%) showed worsening renal function. The 
renal prognoses were not significantly different 
among concurrent MN-IgAN, MN and IgAN 
patients at the median follow-up periods of 30, 
36 and 27 months, respectively. At the end of 
follow-up, 21 cases (38.2%) showed CR of pro-
teinuria, 15 cases (27.3%) showed PR of pro-
teinuria, and 19 cases (34.5%) showed NR of 
proteinuria in the concurrent MN-IgAN group, 
which was not significantly different from the 
MN group or the IgAN group.

Treatment with ACEI/ARBs, prednisone, and 
other immunosuppressant was not significantly 
different between the concurrent MN-IgAN 
group and the MN group. Treatment with ACEI/
ARBs was less common in the concurrent 
MN-IgAN group than the IgAN group (78.2% vs. 
98.2%, P<0.001), whereas treatment with ste-
roids was more common in the concurrent 
MN-IgAN group than the IgAN group (69.1% vs. 
10.9%, P<0.001). 

Review of published cases of concurrent MN-
IgAN and comparison with cases in our series

Forty-five cases of concurrent MN-IgAN have 
been reported previously. The clinical features, 
treatment, and renal outcome of these cases 
are presented in Supplementary Table 1. Of 
these, 35 cases were Asian patients, and 10 
cases were Caucasian or Hispanic patients; 
thirty-nine cases were native kidney biopsies, 
and six were allograft kidney biopsies. In 39 
native kidney biopsy cases, 48.7% were female, 
the mean age was 40±13 (range 13-73) years, 
36.1% patients (13 out of 36) had hyperten-
sion, and the median proteinuria level was 3.65 
(IQR 2.41-7.01) g/24 h. None of these four vari-

Table 2. Comparison of the pathological features be-
tween patients with concurrent MN-IgAN and IgAN

Concurrent MN-IgAN 
(n=55)

IgAN
(n=110) P

M1 6 (10.9%) 60 (54.5%) <0.001
E1 3 (5.5%) 12 (10.9%) 0.251
S1 14 (25.5%) 92 (83.6%) <0.001
T1/T2 21 (38.2%)/1 (1.8%) 34 (30.9%)/10 (9.1%) 0.124
C1 3 (5.5%) 53 (48.2%) <0.001
N1 6 (10.9%) 10 (9.1%) 0.609
M1: glomerular mesangial hypercellularity; E1: endocapillary hyper-
cellularity; S1: segmental glomerulosclerosis; T1: 26-50%, T2: >50% 
tubular atrophy/interstitial fibrosis; C1: cellular/fibrocellular crescent; 
N1: capillary necrosis. 

intensity of glomerular IgG4 staining was 
marginally significantly different between 
the concurrent MN-IgAN group and the 
MN group (2.52±0.51 vs. 2.29±0.55, 
P=0.047), while the IgG1, IgG2, IgG3 
results were not different between the 
two groups. By electron microscopy, the 
four sequential stages of MN were also 
not significantly different between these 
two groups.

Follow-up

The follow-up data are presented in 
Table 1. During a median follow-up peri-
od of 30 (IQR 18-41) months, 3 cases 
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ables showed a significant difference com-
pared to those patients with concurrent 
MN-IgAN reported in the present study. In 39 
native kidney biopsy cases, the Scr level was 
1.07±0.45 mg/dl, and the incidence of hematu-
ria was 82.1%; these results were higher than 
those in our series (P=0.012 and P=0.035, 
respectively). When comparing the 31 Asian 
patients who underwent a native kidney biopsy 
to the patients with concurrent MN-IgAN in our 
study, the age, gender ratio, incidence of hyper-
tension and hematuria, and the proteinuria and 
Scr levels were not significantly different. 

Discussion

This study reports our experience with a series 
of 55 patients with concurrent MN-IgAN (1.7% 
of MN and 0.7% of IgAN patients). A retrospec-
tive study by Wang et al. [10] studied 1,019 
cases of MN; of these, 11 patients had concur-
rent MN-IgAN (1.1% of MN patients). Stokes et 
al. [11] reported four cases of concurrent 
MN-IgAN (1.5% of MN and 1.3% of IgAN 
patients), and Jennette et al. [12] reported four 
cases of concurrent MN-IgAN (1.7% of MN and 
3.1% of IgAN patients). The incidence of con-
current MN-IgAN among IgAN patients was 
lower in comparison to the Caucasian popula-
tion, which is not surprising because IgAN is 
more prevalent in East Asian populations [13], 
and the incidence of concurrent MN-IgAN 
among MN patients in this study was equal  
to or higher than that in the Caucasian 
population. 

tures and the four sequential stages of subepi-
thelial deposits, as shown by electron micros-
copy, in comparison to patients with MN. 
Compared with the IgAN group, the concurrent 
MN-IgAN group showed a higher median pro-
teinuria level, a lower median hematuria level,  
a higher eGFR, and milder pathological fea-
tures. In agreement with previous studies, the 
prognoses of patients with concurrent MN-IgAN 
in our series were good; no differences were 
noted with respect to the MN group and the 
IgAN group. 

Whether it coexists of two different glomerular 
diseases in concurrent MN-IgAN remains con-
troversial. Herein, we reported two patients 
who developed de novo MN superimposed on 
IgAN based on repeat biopsy. In the previous 
reports, 2 patients who presented with hema-
turia for more than 10 years were diagnosed 
with concurrent MN-IgAN when they developed 
nephrotic syndrome [12, 14]. In addition, 4 
patients who were diagnosed with IgAN based 
on native kidney biopsy showed concurrence of 
recurrent IgAN and de novo MN in the renal 
allograft [15-17]. In contrast, Miyazaki et al. 
reported a patient who developed de novo IgAN 
14 years after the diagnosis of MN [18]. It impli-
cates that one glomerulopathy may develop 
and superimpose on the other. 

As we know, IgAN may be asymptomatic and 
may not be found until a health check-up. In the 
study by Le et al., 19.5% of patients with IgAN 
were unexpectedly discovered by health check-

Table 3. Comparison of the pathological features between patients 
with concurrent MN-IgAN and MN

Concurrent MN-IgAN
(n=55)

MN 
(n=110) P

Immunofluorescence microscopy
    Glomerular PLA2R-Ag 43 (78.2%) 97 (88.2%) 0.091
    IgG subtype  IgG1 2.03±0.19 2.06±0.31 0.631

IgG2 1.24±0.64 1.19±0.53 0.899
IgG3 1.18±0.67 1.04±0.73 0.526
IgG4 2.52±0.51 2.29±0.55 0.047

Electron microscopy
    Stage of MN  Stage I 8 (14.5%) 17 (15.5%) 0.844

Stage II 41 (74.5%) 76 (69.1%)
Stage III 5 (9.1%) 13 (11.8%)
Stage IV 1 (1.8%) 4 (3.6%)

MN: membranous nephropathy; IgAN: IgA nephropathy; PLA2R-Ag: phospholipase A 
2 receptor antigen.

Patients with concurrent MN- 
IgAN commonly showed dis-
ease onset at middle age, 
and the male sex showed a 
slight preponderance. The 
Scr level and the incidence 
of hematuria were lower in 
our series than in published 
cases, whereas these vari-
ables were not different in 
Asian patients who under-
went a native kidney biopsy 
versus patients in our study, 
implying that these findings 
may be associated with vari-
ations in ethnicity or the dif-
ference in the indications  
of kidney biopsy. Patients 
with concurrent MN-IgAN 
showed similar clinical fea-
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up [19]. The prevalence of mesangial IgA 
deposits assessed in the necropsy population 
and in renal allograft donors ranged from 4 to 
16% [20-22]; some of these cases presented 
with microscopic hematuria and glomerular 
mesangial proliferation [21, 22]. It raised the 
possibility that latent IgAN was only discovered 
until a subsequent MN occurred with the mani-
festation of proteinuria or nephrotic syndrome 
and a renal biopsy was performed. Therefore, 
in patients with IgAN who show increased pro-
teinuria, suggesting disease progression with 
increased glomerular segmental sclerosis, 
intracapillary proliferation or extracapillary pro-
liferation from empirical knowledge [23], de 
novo MN should be taken into consideration or 
a repeated biopsy should be suggested. 
Recently, new insight into IgAN of the multihit 
pathogenesis model was proposed [24]. 
However, the exact pathogenesis of IgA deposi-
tion in concurrent MN-IgAN patients presenting 
with “milder” clinico-pathological features 
except for higher proteinuria remains unknown. 

PLA2R is a target antigen in idiopathic MN but 
not in IgAN [2, 6]. The positive rate of glomeru-
lar PLA2R-Ag deposition in the concurrent 
MN-IgAN group was not significantly different 
from that in the MN group in our study, and was 
agree with those in the previous reports 
(69.0%~84%) [4, 6, 7]. It has also been report-
ed that glomerular PLA2R-Ag serves as a more 
sensitive biomarker in the diagnosis of idio-
pathic MN and can be detected in idiopathic 
MN patients without detectable serum PLA2R-
Ab [4, 6, 7]. In biopsies showing idiopathic MN, 
the staining for PLA2R often colocalizes with 
dominant IgG4 in the glomerular subepithelial 
area [2, 5]. The intensity of IgG4 was strongest 
among the IgG subclasses in the glomeruli  
in the concurrent MN-IgAN group and was  
marginally stronger in comparison to the MN 
group. Our finding of glomerular PLA2R-Ag 
detection and IgG4 predominant deposition 
indicate that PLA2R is a major antigen in con-
current MN-IgAN. In addition, the clinical and 
ultrastructural features support the notion that 
MN in concurrent MN-IgAN is identical to idio-
pathic MN. 

However, the positive rate of serum PLA2R-Ab 
in the concurrent MN-IgAN group was lower 
than that in the MN group in our study and in 
previous studies [4, 5, 25]. The serum PLA2R-
Ab is considered to be a more sensitive marker 

to predict disease activity and progression than 
the glomerular PLA2R-Ag [3, 7], although in one 
study by Hoxha et al., no correlation was shown 
between proteinuria and serum PLA2R-Ab 
titers [6]. We found that in patients with posi-
tive glomerular PLA2R-Ag, the proteinuria lev-
els were not significantly different between the 
serum PLA2R-Ab-positive and -negative sub-
groups (data not shown). Interestingly, IgG1 as 
well as IgG4 stained positive in all of the 
patients with concurrent MN-IgAN. IgG4 was 
the major subclass of serum PLA2R-Ab [2, 5, 
6], and was the predominant immunoglobulin 
subclass in glomerular deposits in the idiopath-
ic MN [2, 6]. In contrast, in patients with nega-
tive glomerular PLA2R-Ag staining, IgG1 was 
the predominant subclass in glomerular depos-
its [26]. Therefore, an expanded sample size, a 
follow-up measure of serum PLA2R-Ab titer, 
and further research on the IgG subclass of 
serum PLA2R-Ab and glomerular PLA2R-Ag are 
needed to explain the low positive rate of serum 
PLA2R-Ab in patients with concurrent MN-IgAN. 

It has been previously reported that patients 
with concurrent MN-IgAN may have HBV infec-
tion [27, 28] or rheumatoid arthritis [29]. In this 
study, all of the patients with secondary MN or 
IgAN due to these conditions were excluded. 
Eighteen patients had positive C1q staining in 
the renal tissue with the intensity of trace to 1+; 
no other clinical or serologic evidence of sec-
ondary disease occurred during the follow-up 
period. Familial forms of both MN and IgAN 
have been reported. Thus, further studies are 
needed to resolve whether these nephropa-
thies are correlated with a related genotype, a 
common pathogenetic mechanism, or if one of 
these two conditions creates fertile conditions 
for the second to develop. 

The limitations of this study must be recog-
nized. The major limitation in this study was its 
retrospective nature, and a long-term follow-up 
period is needed to confirm the renal prognosis 
of concurrent MN-IgAN. Moreover, the serum 
PLA2R-Ab level should be monitored regularly 
throughout the follow-up period. In addition, 
thrombospondin type I domain containing pro-
tein 7A (THSD7A), anti-neutral endopeptidase, 
and other unknown antigens were not evaluat-
ed in patients with negative serum PLA2R-Ab 
and negative glomerular PLA2R-Ag. Finally, 
additional studies on the pathogenesis of IgAN 
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in concurrent MN-IgAN compared with IgAN are 
needed.

Summary

Patients with concurrent MN-IgAN showed iden- 
tical clinico-pathological features as patients 
with MN; however, they had a higher median 
proteinuria level, a lower median hematuria 
level, higher eGFR and milder pathological fea-
tures compared to IgAN patients. Cases of 
repeat biopsies indicated that one glomerulop-
athy may develop and superimpose on the 
other. The glomerular PLA2R-Ag positive rate 
was not significantly different between concur-
rent MN-IgAN patients and MN patients, 
although the serum PLA2R-Ab positive rate was 
lower in concurrent MN-IgAN patients. These 
findings raise the possibility that the results in 
our cohort may represent a coincidental occur-
rence of two unrelated diseases.
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Supplementary Table 1. Clinical characteristic of reported cases of concurrent MN-IgAN 

Patient race Age (yrs) Sex Allograft 
Kidney

Urinary protein 
(g/24 h)

Hema-
turia 

Hyper-
tension

Scr
(mg/dl)

(CrCl)
(ml/min) ANA Viral 

hepatitis
Treatment, follow-up period, and 
outcome

1 [1] Japanese 53 F 2+ 1 0 1.1 57 0 HBsAg NA

2 [1] Japanese 43 F 3.8 0 0 1.5 83 0 NA NA

3 [1] Japanese 39 F 4.3 0 1 1.3 48 0 NA NA

4 [2] Japanese 27 F 1 1 0 0.7 87 0 0 NA

5 [3] Chinese 40 M 10.1 1 1 2 60 1:40 HBsAg NA

6 [4] white 17 M 3.2 1 0 0.9 0 0 NA

7 [4] white 40 M 3.4 1 1 2.1 71 1:160 NA NA

8 [4] white 45 M 14 1 1 1 1:40 NA NA

9 [5] Viemamese 13 M 0.9 1 0 0.6 80 0 HBsAg NA

10 [6] Italian 25 M 4.5 1 0 1.1 NA HBsAg NA

11 [6] Italian 52 M 4 1 1 0.8 NA viral hepa-
titis

5 years; remained proteinuric and hematuric; 
Scr 2.2 mg/dl

12 [7] Japanese 26 M 2.4 1 0 normal 121 0 0 NA

13 [8] Japanese 44 F 1.3 1 0 0.7 0 0 Pred; 6 months; proteinuria resolved; renal 
function stable

14 [9] white 55 F 4 1 1 1.4 0 NA Pred; 34 months; stable decreased protein-
uria; Scr 0.9 mg/dl

15 [9] South Asian 44 M 1.5 1 0 1.2 0 0 Pred; 24 months; died

16 [9] Hispanic 41 M 10 1 1 1 0 0 No treatment; 34 months; stable persistent 
proteinuria; Scr 1.2 mg/dl

17 [9] Native 
Alaskan

67 M 3.5 1 1 1.6 1:80 0 CsA; 4 months; stable decreased proteinuria; 
Scr 1.9 mg/dl

18 [10] Japanese 57 F 14 1 1 0.9 65 NA HCV NA

19 [11] Chinese 47 F 4.39 0 0 0.679 96.44 0 HBsAg P+CTX+ACEI; 9 months; decreased protein-
uria; normal renal function

20 [11] Chinese 37 F 2.74 1 0 0.457 109 0 0 ACEI; 8 months; decreased proteinuria; 
normal renal function

21-31 [12] Chinese Mean 39.9  
(range 30-53)

M3,F8 7/11 nephrotic range 
proteinuria, 4/11 NS

7/11 3/11 normal 0 0 NA

32 [13] Chinese 52 M 2.95 1 0 normal 0 0 NA

33 [13] Chinese 43 F 3.37 1 1 normal 0 0 P+CTX+ACEI; 2 years; proteinuria remission

34 [13] Chinese 17 M 7.84 1 0 0.588 0 0 P+CTX+ARB; 41 months; proteinuria remis-
sion; hematuria 3-5/HP; Scr 0.75 mg/dl

35 [13] Chinese 73 M 8.27 1 0 0.814 0 0 P+ARB; 29 months; proteinuria remission; 
hematuria 9-15/HP; Scr 0.80 mg/dl

36 [13] Chinese 44 F 2.448 1 0 normal NA 0 NA

37 [13] Chinese 17 M NS 1 NA normal 0 0 NA

38 [13] Chinese 25 M nephrotic range 
proteinuria

1 NA normal 0 0 NA

39 [13] Chinese 31 M nephrotic range 
proteinuria

1 NA normal 0 0 NA
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40 [14] Japanese 30 M  Yes* 3+ 1 1 2.1 NA 0 NA

41 [15] Korean 36 M Yes 300 mg/dl 1 1 1.1 NA 0 NA

42 [16] white 43 M Yes* 6.6 1 1 1.6 1:160 0 NA

43 [17] Slovenia 36 F Yes* 2.62 0 1 3.3 NA NA 9 years; graft failure; after 2 years of HD, the 
patient received a second graft

44 [17] Slovenia 38 M Yes* 2.8 NA NA 2.2 0 0 81 months; graft failure

45 [18] Saudi 49 M Yes 10 1 1 1.3 0 0 proteinuria remitted; Scr 0.74 mg/dl
*The original renal disease was biopsy-confirmed IgAN. Scr: serum creatimine; CrCl: creatinine clearance rate; ANA: antinuclear antibody; HBsAg: hepatitis B surface antigen; HCV: hepatitis C virus; NS: nephrotic syndrome; NA: not available; 
Pred: prednisone; CsA: cyclosporine A; CTX: cyclophosphamide; ACEI: angiotensin-converting enzyme inhibitors; ARB: angiotensin II receptor blockers; HD: hemodialysis; HP: high power field.
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