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Abstract The M-type phospholipase A2 receptor
(PLA2R1) was identified recently as a specific target an-
tigen in idiopathic membranous nephropathy. However, the
influence of different sample preparation techniques on the
immunostaining of PLA2R1 is unclear. Previous studies
have identified IgG4 as the dominant subclass of PLA2R1
antibodies. However, it remains unclear whether the IgG
subclass profiles of the glomerular immune complexes of
PLA2R1-positive and -negative idiopathic membranous ne-
phropathy cases are similar. To address these questions,
we conducted the present study of 58 idiopathic membra-
nous nephropathy cases. The PLA2R1 positivity rate for

the paraffin-embedded sections was 61 %, whereas that
for the frozen sections was 65 %. Nonspecific background
staining was observed in the frozen sections. Discrepancies
between different sample preparations occurred in three
cases (6 %); two cases were PLA2R1-positive in paraffin
sections and PLA2R1-negative in frozen sections and one
case was PLA2R1-negative in paraffin sections and
PLA2R1-positive in frozen sections. Regarding the IgG
subclass profile, 89 % of the PLA2R1-positive cases dem-
onstrated the IgG4-dominant/codominant phenotype versus
31 % of the PLA2R1-negative cases (p<0.001). Clinical
characteristics and pathological findings did not signifi-
cantly differ between PLA2R1-positive and -negative
cases. In summary, the PLA2R1 immunofluorescence re-
sults were not affected by the different sample preparation
techniques, although paraffin-embedded sections were pre-
ferred for the histological detection of PLA2R1 because of
the nonspecific background staining observed in frozen
sections. The observed lower frequency of the non-IgG4-
dominant/codominant phenotype in PLA2R1-negative idio-
pathic membranous nephropathy cases may suggest that
there are heterogeneous subgroups of this disease.
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Introduction

Membranous nephropathy (MN), one of the most common
causes of nephrotic syndrome in adults, is characterized by
the deposition of immune complexes in glomerular
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subepithelial spaces. Cases without any evidence of systemic
disease or specific etiology are termed idiopathic MN (iMN).
Patients with an underlying disease, including autoimmune
diseases, viral hepatitis, malignancy, or a recent history of
drug intake, such as penicillamine, are categorized as sec-
ondary MN (sMN) cases [1]. Because treatment strategies
differ, it is clinically important to differentiate between
iMN and sMN.

The M-type phospholipase A2 receptor (PLA2R1) was
identified recently as an autoantigen in most iMN cases [2].
Multiple studies have shown that the frequency of PLA2R1
positivity in patients with iMN ranges from 60 to 80 %, which
is in stark contrast to the lower positivity rate (5–25 %) in
patients with sMN [3, 4]. Recurrent iMN in post-transplant
kidney allografts also have a much higher rate of PLA2R1
positivity in comparison to de novoMN [5, 6], indicating that
the PLA2R1 antibody is not involved in the pathogenesis of
de novo MN. The results of these studies suggest that the
detection of PLA2R1 involvement can serve as a diagnostic
hallmark of iMN.

To establish more practical approaches to the applica-
tion and interpretation of PLA2R1 immunofluorescence
studies using histological sections, two major issues have
yet to be addressed: detailing the effects of immunostain-
ing by different methodologies and establishing a compre-
hensive IgG subclass analysis. The protocol for PLA2R1
immunofluorescence studies using paraffin sections was
recently established by Larsen et al. [7]. However, adjust-
ment of interpretation of immunostaining is required when
different techniques are used. For example, C4d immuno-
staining of kidney allografts in paraffin sections is less
sensitive by approximately one grade level compared with
that in frozen sections [8]. However, it is still unclear
whether the same holds true for PLA2R1. Regarding the
IgG subclass profile, previous studies have demonstrated
the IgG4-dominant immunophenotype of PLA2R1-positive
iMN based on indirect immunofluorescence tests using
either serum samples or formalin-fixed paraffin-embedded
sections [7, 9–11]. However, to our knowledge, a compre-
hensive analysis of the IgG subclass profiles of PLA2R1-
positive and -negative iMN cases has not been conducted.
Therefore, the question remains unsettled whether
PLA2R1-negative iMN consists of immunophenotypes that
are similar to those of PLA2R1-positive iMN.

We conducted the present PLA2R1 immunofluorescence
study of iMNwith twomain purposes: (1) to examine whether
the interpretation of PLA2R1 immunostaining should be
adjusted for the particular technique applied and (2) to
determine the proportion of the IgG4-dominant/codomi-
nant immunophenotype of both PLA2R1-positive and -
negative iMN. In addition, comparisons of other clini-
copathological characteristics of PLA2R1-positive versus
PLA2R1-negative iMN cases are described.

Materials and methods

Patients

The present study enrolled 58 iMN cases diagnosed patholog-
ically at the Kobe University Hospital, Kobe City Medical
Center General Hospital, and Hiroshima Prefectural Hospital
from January 2008 to September 2014. Patients were excluded
if they had any evidence suggestive of sMN, including autoim-
mune diseases, viral hepatitis B or C, malignancy, bucillamine
administration, and/or sarcoidosis, or if they had undergone
hematopoietic stem cell transplantation. Also excluded were
patients who had taken immunosuppressive drugs before the
renal biopsy was performed. The patient cohort was classified
into PLA2R1-positive or -negative groups according to the
results using paraffin sections, as described below. From the
patient database records, the following clinical and laboratory
data were obtained, as recorded at the time of the renal biopsy:
age, gender, urine protein to creatinine ratio, serum levels of
albumin, creatinine, IgG, IgA, IgM, C3, C4, and CH50.Written
informed consent was obtained from the patients for the use of
all the specimens. The study was approved by the Ethics Re-
viewBoard of KobeUniversity Hospital (No. 1532), Kobe City
Medical Center General Hospital (No. 13093), and Hiroshima
Prefectural Hospital (No. 131).

Pathological evaluation

All renal biopsy specimens were fixed in formalin and embed-
ded in paraffin, according to standard protocols. The paraffin
sections were cut and stained with hematoxylin and eosin,
periodic acid-Schiff, Masson trichrome, and periodic acid-me-
thenamine-silver. Histological findings of glomerular chang-
es, such as spike formation, mesangial cell proliferation,
endocapillary hypercellularity, and focal segmental
glomerulosclerosis, were evaluated.

Direct immunofluorescence studies using frozen sec-
tions were performed with fluorescein-conjugated rabbit
polyclonal primary antibodies against IgG, IgA, IgM,
C1q, and C3. The IgG subclass analysis was performed
using antibodies against IgG1, IgG2, IgG3, and IgG4
(Invitrogen, Camarillo, CA, USA), followed by fluorescein
isothiocyanate (FITC)-conjugated secondary antibodies
(Invitrogen). The immunofluorescence intensities were
scored according to a semiquantitative five-grade scale that
ranged from 0 to 3+ (0, negative; <1+, sparse; 1+, weak;
2+, moderate; and 3+, strong). The IgG4-dominant pheno-
type was assigned to sections having IgG4 immunofluo-
rescence that was stronger than the other three IgG sub-
classes; sections were labeled IgG4-codominant if two or
three IgG subclasses, including IgG4, had the strongest
immunofluorescence intensities [12].
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PLA2R1 was detected with an anti-PLA2R1 anti-
body (Sigma-Aldrich, Tokyo, Japan) in frozen and
paraffin-embedded sections. For the frozen sections,
the anti-PLA2R1 antibodies (1:100) were applied for
60 min and then incubated with Alexa Fluor 488 Goat
anti-rabbit IgG (Invitrogen, 1:100) for 60 min. The pro-
cedure used for PLA2R1 immunofluorescence staining
of paraffin sections has been described previously [7].
Bright granular PLA2R1 staining on glomerular capil-
laries was considered positive. In all of the immunoflu-
orescence studies, images were obtained using a con-
ventional immunofluorescence microscope (Olympus,
Tokyo, Japan) equipped with a CCD camera and were
analyzed using ACT-1 Software (Nikon, Tokyo, Japan).

The ultrastructural findings defining the MN stage were
scored based on the modified version of the Ehrenreich and
Churg classification described by Huang et al. [12], as fol-
lows: score 1, stage I without any spike formation; score 2,
stage I–II showing evident segmental spike formation; score
3, stage II showing diffuse spike formation and only a few
deposits within the glomerular basement membrane (GBM);
score 4, stage II–III in which most deposits were located with-
in the GBM, but numerous subepithelial deposits were noted;
and score 5, stage III–IVwith intramembranous immune com-
plexes exhibiting partial or diffuse resorption change. The
average scores for the PLA2R1-positive and -negative iMN
groups were calculated and compared.

Statistical analysis

Data are presented as mean±standard error. The clinical and
pathological parameters were compared using Student’s t
tests, Welch’s t tests, and Mann–Whitney U tests. The rate
of the IgG4 dominant/codominant phenotype was calculated

using Fisher’s exact probability test. The level of significance
was set at p<0.05.

Results

In paraffin sections, there was bright granular PLA2R1 immu-
nofluorescence staining of glomerular capillaries, whereas no
significant staining was observed in PLA2R1-negative iMN
cases (Fig. 1a, b). Positive glomerular staining of PLA2R1
was also observed in frozen sections (Fig. 1c); however, we
noted nonspecific staining in the interstitium and nucleus
(Fig. 1c, d). At higher magnification, weak PLA2R1 staining
on the glomerular capillaries corresponded to the internal ex-
pression of PLA2R1 on podocytes (Fig. 1d, inset). In the
present patient cohort, 36 cases were positive for PLA2R1
and 22 cases were negative according to the results of the
immunofluorescence study using paraffin sections. Therefore,
the PLA2R1 positivity rate in iMN was 62 % when paraffin
sections were used for the evaluation. When frozen sections
were used, the PLA2R1 positivity rate was 65 % (positive, 31
cases; negative, 17 cases). The results of both immunostaining
methods are shown in Table 1. When PLA2R1 was positive
using the paraffin sections, the large majority of cases had
concordant results in the frozen sections and vice versa
(Fig. 2a, f, b, and g). Among the patients for whom the results
of both paraffin and frozen section PLA2R1 immunostaining
were available, the discrepancy rate was 6 % (3/47 cases). In
one case, PLA2R1 was positive in frozen sections and nega-
tive in paraffin sections (Fig. 2c, h), whereas in two cases,
PLA2R1 was negative in frozen sections and positive in par-
affin sections (Fig. 2d, i). In the three iMN cases that were
positive for PLA2R1 in paraffin sections, the glomerular im-
munostaining of PLA2R1 was segmental and weak, which
contrasted with the diffuse and strong positivity in frozen

a b

c d

paraffin sections

frozen sections

PLA2R1+ PLA2R1-Fig. 1 PLA2R1 distribution in
iMN glomeruli using different
staining methodologies. PLA2R1
immunofluorescence images
from PLA2R1 (a, c) -positive and
(b, d) -negative iMN cases. (a, b)
Paraffin sections and (c, d) frozen
sections. Note nonspecific
PLA2R1 staining of the nucleus
and interstitium in frozen sections
(c, d). Inset (d) shows internal
weak expression of PLA2R1 on
glomerular podocytes
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sections (Fig. 2e, j). In some paraffin sections, the immuno-
fluorescence intensity of PLAR1 staining differed among glo-
meruli (data not shown).

In the present study, 44 cases were eligible for further anal-
ysis of the IgG subclass profile. The IgG subclass
immunoprofiles of PLA2R1-positive and -negative iMN cases
are illustrated in a heat map plot (Fig. 3). Of the PLA2R1-
positive iMN cases, 75 % had an IgG4 immunofluorescence
score of ≥2+, whereas 13 % of the PLA2R1-negative group
had similar scores. Among the cases of PLA2R1-positive
iMN, 89 % were categorized into the IgG4 dominant/
codominant phenotype, compared to 31 % of the PLA2R1-
negative iMN cases (p<0.001). Figure 4 shows representative
immunostaining images for the IgG subclasses of PLA2R1-
positive and PLA2R1-negative iMN cases.

The identification of distinct IgG subclass profiles raises
the possibility that the PLA2R1-positive status reflects distinct
clinicopathological features [13]. Table 2 summarizes the clin-
ical parameters of the PLA2R1-positive and -negative iMN
patients. The age of the patients andmale to female ratios were
almost comparable. The PLA2R1-positive group had
slightly increased levels of serum creatinine and urinary
protein, but the differences were not significant. Serum
immunological tests, including immunoglobulins, CH50,
C3, and C4, did not reveal significant differences. Table 3
presents comparisons of light microscopic findings of the

glomeruli. Most cases of PLA2R1-positive iMN had ap-
parent spike formation along the glomerular capillary wall,
whereas the PLA2R1-negative iMN cases had slightly less
frequent spikes on the glomerular tuft. Other glomerular
manifestations, such as mesangial cell proliferation,
endocapillary hypercellularity, and focal segmental
glomerulosclerosis changes, were observed in a minority
of cases in both groups. None of the histological parame-
ters of the glomeruli was significantly different. In the
immunofluorescence studies, no significant changes in the
immunofluorescence scores of the immunoglobulin and
complement was observed, irrespective of PLA2R1 posi-
tivity on glomeruli (Table 4). The average scores for the
ultrastructural stage of the modified Ehrenreich and Churg
classification were 3.41 and 2.80 for the PLA2R1-positive
and -negative iMN cases, respectively (p=0.2).

Discussion

In the present study, we conducted a comparative analysis of
staining for PLA2R1 of paraffin-embedded versus frozen sec-
tions. The concordant results obtained using the two different
tissue processingmethods indicate that the detection of PLA2R1
protein is not affected by differences in these methods. These
results contrast with C4d immunostaining studies of kidney al-
lografts, in which paraffin sections had less sensitivity than fro-
zen sections [14, 15]. In the current study, the interstitium and
nucleus demonstrated nonspecific staining in frozen sections.
Therefore, the paraffin sections were less problematic for deter-
mining the involvement of the PLA2R1 molecule in MN. In
cases in which no glomeruli are included in paraffin sections,
frozen sections can substitute when determining PLA2R1 stain-
ing. The segmental distribution of glomerular PLA2R1 in three

Table 1 PLA2R1 staining using different methodologies

Frozen sections Paraffin sections

Positive Negative

Positive 29 1

Negative 2 15

a

f

e

j

c

h

d

i

b

g

Fig. 2 Comparison of PLA2R1 immunofluorescence in paraffin and
frozen sections from iMN cases. Upper panel (a to e) PLA2R1
immunofluorescence in paraffin sections. Lower panel (f to j) PLA2R1
immunofluorescence in frozen sections. (a, f), (b, g), (c, h), (d, i), and (e,
j) are single-case paired images. Both methods yielded matching results
in the vast majority of cases. In one case, PLA2R1 was negative in

paraffin sections (c) and positive in frozen sections (h). Two cases were
PLA2R1-positive in paraffin sections (d) and PLA2R1-negative in frozen
sections (i). Three cases had weak and segmental PLA2R1 staining in
paraffin sections (e), in stark contrast to diffuse staining in frozen sections
(j)
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cases, as seen on paraffin sections (Fig. 2e, j), can be interpreted
as an artifact, because PLA2R1 staining of frozen sections from
the same cases was strong and in a global distribution.

The other important finding in our study was the identifi-
cation of distinct IgG subclass immunophenotypes among
PLA2R1-positive and -negative iMN cases. This result can
be interpreted in several ways. First, identification of different
IgG subclasses of PLA2R1-positive and -negative iMN sug-
gests that iMN consists of immunologically heterogeneous

subgroups. Identifying the IgG subclass of glomerular de-
posits is helpful to distinguish iMN and sMN, because iMN
is characterized by the IgG4 dominant/codominant phenotype
and sMN comprises various IgG subclasses, including the
IgG1/IgG2/IgG3-dominant phenotypes of lupus nephritis
[16] and the IgG1/IgG2-dominant phenotype of malignancy-
associated MN [17]. The less common IgG4 dominant/
codominant phenotype in PLA2R1-negative iMN raises the
possibility that PLA2R1-positive and -negative iMN cases
have distinct immunological backgrounds. However, serolog-
ical tests for immunological components such as C3, C4, and
CH50 did not significantly differ between these groups. Fur-
thermore, we did not observe any significant changes in the
glomerular immunofluorescence scores of the immunoglobu-
lin and complement components. These results argue against
the possibility that PLA2R1-positive and -negative iMN rep-
resent immunologically distinct entities. Regarding the cyto-
kine responses in iMN, T cells in the peripheral blood prefer-
entially produce Th2 cytokines, such as interleukin (IL)-4 and
IL-10, which result in the enhanced production of IgG4 by B
cells [18]. From a study on the messenger RNA (mRNA)
expression profile in kidney specimens, iMN is characterized
by Th2 and Treg immune responses that are manifested by
increased expression of IL-4, IL-5, TGF-β, and Foxp3 [19]. A
comprehensive analysis of mRNA expression in either serum
or biopsy samples may help to clarify the immunological as-
pects of PLA2R1-positive and -negative iMN.

Secondly, differences in genetic backgroundmay contribute
to the production of an anti-PLA2R1 antibody that is IgG4-
dominant. Recently, Jicheng et al. have reported that individ-
uals carrying high-risk alleles of PLA2R1 andHLA-DQA1 are
predisposed to generating the circulating anti-PLA2R1 anti-
bodies of iMN [20]. They also suggested that specific sequence
variations in PLA2R1 molecules are involved in the pattern of
antigen peptide processing through conformational changes,
thus facilitating the production of the anti-PLA2R1 antibody.
However, this hypothesis has not been confirmed in evalua-
tions of the antigenic structure of the PLA2R1 molecule using
relevant single-nucleotide polymorphisms (SNPs). Future ge-
netic studies are required to address the issue of whether the
production of the anti-PLA2R1 antibody in iMN cases is af-
fected by SNPs of a relevant gene locus.

Thirdly, different IgG subclasses may reflect differing ac-
tivities of the complement system. Previous studies have
shown that IgG1 and IgG3 preferentially activate the classical
complement pathway, whereas IgG4 has capacity to bind
mannose-binding lectin (MBL) and activate the lectin com-
plement pathway [21]. Given the association between the gly-
cosylation status of the IgG subclass molecule and the activa-
tion of alternative pathways [22], distinct IgG subclass pro-
files in PLA2R1-positive and -negative iMN may reflect dif-
ferent proportions of glycosylated IgG molecules. Ma et al.
have shown that anti-PLA2R1 IgG4 autoantibodies lack the
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Fig. 3 Heat map summary of the IgG subclass distributions in PLA2R1-
positive and -negative iMN cases. The blue dotted line indicates the
threshold for defining the IgG4-dominant/codominant phenotype using
immunofluorescence scores for the IgG subclasses. Scores in the
PLA2R1-positive iMN cases shifted to the IgG4-dominant/codominant
phenotype. In the PLA2R1-negative iMN cases, the non-IgG4 dominant
phenotype predominated
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galactose residue in the terminal position and can bind to C4
through MBL in vitro [23]. Further studies focusing on the
question of whether the glycosylation profile of IgG is differ-
ent between PLA2R1-positive and -negative iMN are needed.

Our study revealed a relatively lower rate of PLA2R1 posi-
tivity compared with the previous studies. Studies by Hoxha
[10] and Svobodova [3] of paraffin-embedded sections have
shown that 84 and 69 %, respectively, of iMN cases were pos-
itive for PLA2R1 on glomeruli. In contrast, our study revealed
62% PLA2R1 positivity in paraffin sections. Using serum sam-
ples, a recent Japanese study also showed a lower rate (53%) of
PLA2R1 positivity in iMN [24]. In a recent study on Caucasian
patients with biopsy-proven iMN, sequencing of the PLA2R1
gene identified rare variants within the coding region of
PLA2R1 which are probably not involved in the pathogenesis
of iMN [25]. Therefore, the lower rate of PLA2R1 positivity in
the cohort of Japanese iMN patients is probably not due to a
genetic variant unique to the Japanese cohort. Early diagnosis of

iMN owing to the kidney disease screening program in Japan or
unknown environmental and dietary factors may contribute to
the low prevalence of anti-PLA2R1 antibody [24], although
further studies are required to validate this hypothesis.

The levels of anti-PLA2R1 antibody are associated with
higher disease activity in iMN. Oh et al. have reported that
proteinuria and hypoalbuminemia were more severe in pa-
tients with anti-PLA2R1 than in those without these autoanti-
bodies [26]. More recently, Hoxha has shown that the level of
anti-PLA2R1 antibody is an independent risk factor for not
achieving remission of proteinuria [27]. Our study did not
show significant differences between PLA2R1-positive and -
negative iMN regarding clinical manifestations. This discrep-
ancy can be attributed to the different approaches that were
used to detect the involvement of the PLA2R1 molecule. In
most cases, PLA2R1 positivity of glomerular deposits reflects
positive anti-PLA2R1 autoantibodies in the serum of the pa-
tient [10]. Considering the various antibody levels in the sera
of patients with iMN [26, 27], our study cohort of PLA2R1-
positive iMN cases may have also consisted of subgroups that
are heterogeneous with regard to their serum autoantibody
levels. However, the quantitative data for comparing glomer-
ular PLA2R1 deposition and serum anti-PLA2R1 antibody
titers are lacking. Validation studies are required to determine
whether high or low serum levels of the anti-PLA2R1

a c d

e

b

g hf

Table 2 Comparison of clinical features of PLA2R1-positive and -
negative iMN

Parameter PLA2R1+ PLA2R1− p value

Age (years) 60.9±2.3 60.0±2.9 0.72

Male/female 19/17 13/9 0.69

Cr (mg/dl) 0.80±0.04 0.70±0.03 0.09

Alb (g/dl) 2.91±0.12 2.80±0.22 0.66

Proteinuria (g/gCr) 6.65±0.78 4.71±0.88 0.12

IgG (mg/dl) 862.6±52.7 958.6±89.9 0.32

IgA (mg/dl) 262.9±15.1 260.2±26.9 0.92

IgM (mg/dl) 104.5±8.4 119.0±10.7 0.29

CH50 (U/ml) 43.4±1.4 47.5±2.8 0.11

C3 (mg/dl) 111.6±3.3 118.6±5.2 0.19

C4 (mg/dl) 29.7±1.5 27.3±1.2 0.18

Mean±standard error. Cr creatinine; Alb Albumin

Table 3 Comparison of glomerular manifestations of PLA2R1-
positive and -negative iMN

PLA2R1+ PLA2R1- p value

Spike formation 75.0 68.2 0.66

Mesangial cell proliferation 19.4 18.2 0.93

Endocapillary hypercellularity 5.6 9.1 0.82

Segmental sclerosis 11.1 9.1 0.90

Positivity rates (%)
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antibody correlate with the immunofluorescence intensity in
histological sections after staining for PLA2R1.

Using an Enzyme-Linked Immunosorbent Assay on serum,
a level higher than 20 U/ml is considered as positive for anti-
PLA2R1 antibody [27]. In contrast, a threshold level for posi-
tivity by PLA2R1 immunofluorescence on renal biopsy speci-
mens has not been established. To circumvent overdiagnosis, it
is critical to compare the results with a negative control without
primary antibody and to include a positive control sample [27].

The most important limitation in our study is the lack of
serum anti-PLA2R1 antibody data. Although some studies
demonstrated clear correlation of anti-PLA2R1 antibody in
serum with the presence of PLA2R1 on glomerular immune
deposits [3, 10], quantitative studies comparing serum anti-
PLA2R1 antibody level and glomerular PLA2R1 immunoflu-
orescence intensity have not been conducted. To increase the
practical importance of glomerular immunofluorescence stud-
ies, validation studies will be required using both serum and
histological samples.

In summary, our findings demonstrated that the rate of
PLA2R1 positivity is equivalent in paraffin-embedded and
frozen sections. Because of nonspecific staining of the nucleus
and interstitium in frozen sections, the results of our study
warrant the use of paraffin sections for PLA2R1 immunostain-
ing. The higher rate of the IgG4 dominant/codominant pheno-
type indicates that there may be pathogenetically distinct char-
acteristics of PLA2R1-positive and -negative iMN. Further
studies using molecular and genetic approaches are required
to address the question of whether PLA2R1-positive and -
negative iMN have pathogenic mechanism in common.
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