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Abstract
Background The diagnostic performance of PLA2R and IgG subclass staining of kidney biopsies relative to anti-
PLA2R seropositivity in the differentiation of primary and secondary membranous nephropathy (pMN, sMN) was 
examined. Besides PLA2R staining – which has a lower specificity than anti-PLA2R antibody serology – there is 
insufficient knowledge to decide which IgG1-4 subtype immunohistological patterns (IgG4-dominance, IgG4-
dominance/IgG1-IgG4-codominance or IgG4-dominance/IgG4-codominance with any IgG subtype) could be used to 
distinguish between pMN and sMN.

Methods 87 consecutive Hungarian patients (84 Caucasians, 3 Romas) with the biopsy diagnosis of MN were 
classified clinically as pMN (n = 63) or sMN (n = 24). The PLA2R and IgG subclass staining was part of the diagnostic 
protocol. Anti-PLA2R antibodies were determined by an indirect immunofluorescence test in 74 patients with disease 
activity.

Results For pMN, the sensitivity of anti-PLA2R seropositivity was 61.1%, and the specificity was 90.0%; and similar 
values for PLA2R staining were 81.0%, and 66.7%, respectively. In all stages of pMN, IgG4-dominance was the 
dominant subclass pattern, while the second most frequent was IgG3/IgG4-codominance. The sensitivity and 
specificity scores were: IgG4-dominance 52.2% and 91.7%, IgG4-dominance/IgG3-IgG4-codominance 76.2% and 
87.5%, IgG4-dominance/IgG1-IgG4-codominance 64.2% and 75%, and IgG4-dominance/codominance with any 
IgG subclass 92.1% and 70.8%, respectively. Anti-PLA2R seropositivity, glomerular PLA2R, and IgG4-dominance/
codominance significantly correlated with each other. The IgG4 subclass was rarely encountered in sMN.

Conclusion In our series, IgG4-dominance had the highest specificity in the differentiation of MN, just as high as that 
for anti-PLA2R seropositivity. The specificity values of PLA2R staining and IgG4-dominance/codominance with any IgG 
subclass or IgG4-dominance/IgG1-IgG4 codominance were ≤ 75%. Apart from IgG4 dominance, IgG4-dominance/
IgG3-IgG4-codominance also had good statistical value in differentiating pMN from sMN. As IgG subclass switching 
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Background
Membranous nephropathy (MN) is the most frequent 
cause of the nephrotic syndrome in non-diabetic adult 
patients worldwide [1], characterized morphologically 
by a thickening of the glomerular basement membrane 
(GBM) due to the presence of subepithelial immune 
deposits in glomerular capillary walls. The deposits 
undergo a series of changes of incorporation into the 
GBM, and this progression is described electron micro-
scopically in four stages. MN is classified clinically as pri-
mary MN (pMN) or secondary MN (sMN). The clinical 
course of pMN ranges from spontaneous remissions to 
progressive disease.

pMN is responsible for 75–80% of cases of MN diag-
nosed in a kidney biopsy, and the vast majority are 
associated serologically with autoantibodies against a 
transmembrane glycoprotein of podocytes, the phospho-
lipase A2 receptor (PLA2R) [2], discovered in 2009. The 
initial anti-PLA2R antibody response is directed against 
the immunodominant cysteine-rich domain of PLA2R 
protein, and then with epitope spreading, other domains, 
such as the C-type lectin domain1 and the C-type lectin 
domain7 are also targeted [3]. The predominant anti-
PLA2R antibodies are of the IgG4 subclass, but other 
subclasses, such as IgG1 and IgG3, are present in lower 
amounts [2, 4]. During the evaluation of kidney biopsies, 
global and intense peripheral granular staining of poly-
typic IgG and C3, along with PLA2R antigen-positivity 
in a similar staining and distribution pattern indicate 
PLA2R-associated MN. In 2014, the second pathoge-
netic pathway of adult pMN, the axis of thrombospon-
din type-1 domain containing protein 7  A (THSD7A) 
autoantigen and anti-THSD7A antibodies was identi-
fied in anti-PLA2R-negative cases [5]. The PLA2R- and 
THSD7A-associated cases represent about 85% of 
pMN cases. Other MN subgroups were described quite 
recently, including the neural epidermal growth-factor-
like 1 protein (NELL1)-associated MN [6, 7].

With sMN, it has an underlying disease association, 
such as systemic lupus erythematosus (SLE), infection, 
drug exposure or malignancy, and it is usually resolved 
once the cause is eliminated. Certain biopsy features 
are not typical for pMN, such as deposits positive for 
IgA, IgM, and C1q as in class V lupus nephritis, or the 
dominant IgG subclass is not IgG4, or the distribution of 

deposits is subglobal as in some cases with malignancy-
associated MN [7, 8]. The absence of glomerular IgG4 
and PLA2R [9], and glomerular leukocytosis [10] suggest 
malignancy-associated MN. In addition, enhanced glo-
merular staining of THSD7A [11] or NELL1 [7] may be 
observed in a fraction of patients with malignancy-asso-
ciated MN.

The demonstration of circulating autoantibodies 
against PLA2R has become the standard process in the 
differentiation of pMN from sMN [12]. Nevertheless, 
some patients with apparent sMN might be positive for 
PLA2R antibodies, typically those with hepatitis B virus 
or C virus infection or sarcoidosis or malignancy [13]. It 
is not quite clear whether these patients have true sMN 
or the PLA2R-associated MN and the secondary disease 
is coincidental; and therefore, caution is required when 
trying to establish the clinical diagnosis of pMN solely on 
basis of PLA2R seropositivity, especially in patients with 
risk factors of neoplasia [14].

In the renal biopsy material of Ohio State University 
Medical Center (USA), early (stage 1) pMN tended to 
be IgG1-dominant and PLA2R-negative, and later stages 
(stages 2 to 4) tended to be IgG4-dominant and PLA2R-
positive [8]. The change in IgG subclass dominance dur-
ing disease progression was interpreted by the authors as 
a subclass switch in antibody response. Since IgG sub-
class staining is optional in the evaluation protocol of kid-
ney biopsies, to the best of our knowledge only the Ohio 
State University Medical Center publications [8, 15], two 
studies from China [16, 17], and one from Japan [18] have 
covered the topic of IgG subtype distribution within the 
immune deposits of MN in native kidney samples. Here, 
we summarize our experiences acquired from the analy-
sis of IgG subclass staining and PLA2R antigen staining 
in the diagnostic workup of MN in Hungarian patients.

Patients and methods
Patients. Between 2011 and 2022, the evaluation of the 
renal biopsy samples of 87 adults led to the diagnosis 
of MN. The patients resided in the south-eastern part 
of Hungary. 84 were Caucasians, and 3 were Romas. A 
complete panel for autoimmune serology, hepatitis and 
HIV serology was performed to exclude SLE, other sys-
temic autoimmune diseases and virus-associated MN. 
Malignancy was screened in each case via chest X-ray, 

during the progression of pMN was not the feature of our cohort, pMN in Hungarian patients is presumed to be 
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IgG subclasses provides relevant information for a differential diagnosis. Even in cases with IgG4-dominance, however, 
malignancy should be thoroughly checked.
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abdominal ultrasound, gynecologyical/urological exami-
nations (including a prostate specific antigen test), mam-
mography, a fecal occult bleeding test and panendoscopic 
evaluation of the gastrointestinal tract in individuals 
above 40 years. After a thorough review of the patient’s 
medical history, drug-induced MN was also excluded. 
MN was assigned clinically to either pMN (n = 63; 72.4%) 
or sMN (n = 24; 27.6%). The median follow-up time was 
56 months (range: 1 to 276 months). In the pMN group, 5 
patients died for different reasons 1 to 8 months after the 
diagnosis of MN; systemic autoimmune disease or malig-
nancy did not emerge. The patients’ demographic and 
clinical parameters are shown in Table 1.

Evaluation of kidney biopsies. Samples obtained via 
an ultrasound-guided percutaneous kidney biopsy pro-
cedure were processed by standard techniques for light 
microscopy, direct immunofluorescence (IF) on frozen 
sections with FITC-conjugated antibodies against IgG, 

IgA, IgM, C3, C1q, kappa, lambda, and fibrinogen (Dako, 
Denmark; 1:20 dilution for IgG, and 1:10 dilution for the 
others), and electron microscopy. If granular periph-
eral IgG staining indicating MN was observed on IF, 
the case was further investigated with FITC-conjugated 
antibodies to IgG1-4 (The Binding Site, UK; 1:10 dilu-
tion) and PLA2R antigen (indirect IF method, Sigma-
Aldrich, Switzerland; primary antibody dilution 1:10). 
The staining intensity was assessed and photographed at 
10x objective lens magnification and graded semiquanti-
tatively on a scale of 0 to 3 + (Fig.  1). IgG4-dominance 
was stated if the intensity score was higher by at least 1 
level than that of the other IgG subclasses, and codomi-
nance was established if the intensity scores were similar 
among IgG subclasses. The electron microscopical read-
ing of the stages were as follows: Stage 1: subepithelial 
deposits without basement membrane reaction; Stage 2: 
subepithelial deposits with basement membrane spikes 
between deposits; Stage 3: the spikes enclose the deposits 
and form a layer between the deposits and the podocytes; 
and Stage 4: electron-lucent areas in deposits become 
incorporated into the markedly and irregularly thickened 
GBM.

PLA2R seropositivity. Blood serum samples were col-
lected in 74 patients (54 pMN, 20 sMN) at the time of 
diagnosis (n = 69) or in the case of a relapse (n = 5). An 
indirect IF semiquantitative assay (Euroimmun US) was 
used to detect circulating anti-PLA2R antibodies. Serum 
samples were diluted at 1:10, and those found to be posi-
tive at 1:10 dilution were further diluted and evaluated. 
The results of the test given in this paper appear as either 
positive or negative.

Statistical analysis. Continuous variables with a nor-
mal distribution were presented as the mean ± standard 
deviation and were compared using Student’s t-test. Cat-
egorical variables were described in percentage terms 
and the association between groups was analyzed using 
the Fisher exact test. A non-parametric Spearman rank 
correlation analysis was carried out to investigate the 
relationship among anti-PLA2R seropositivity, PLA2R 
antigen staining and patterns of IgG subclass variables. 
Also, the median follow-up time and its interquartile 
range were computed. A p value < 0.05 was treated as sta-
tistically significant.

Results
Among patients assigned to pMN, 61.1% displayed anti-
PLA2R seropositivity and 81.0% displayed PLA2R anti-
gen staining positivity. 4 patients with PLA2R-negative 
pMN were tested for anti-thrombospondin 7 A-seropos-
itivity, with a negative result (note: this test at our institu-
tion has been available since 2020).

In 3 patients out of the 24 placed in the sMN group 
(Table  2), the causal link between the glomerulopathy 

Table 1 Clinical and laboratory data of patients with MN
Clini-
cal 
data

pMN 
(n = 63)

sMN (n = 24) P-
value

Age (years) 55.8 ± 14.3 52.8 ± 14.7 0.388

Gender M/F 30/33 6/8 0.087

BMI (kg/m2) 31.5 ± 6,3 25.2 ± 4.5 < 0.001

SBP (mmHg) 131.4 ± 13.7 124.6 ± 14.8 0.046

DBP (mmHg) 82.6 ± 8.5 78.8 ± 11.4 0.095

 HR (beat/min) 78.0 ± 10.9 74.0 ± 8.9 0.112

Labo-
ratory 
data

Serum creatinine 
(µmol/l)

104.4 ± 63.3 98.0 ± 92.9 0.714

CKD-G1 (number) 23 15 0.030

CKD-G2 (number) 16 5 0.658

CKD-G3 (number) 18 2 0.050

CKD-G4 (number) 5 0 0.316

CKD-G5 (number) 1 2 0.183

eGFR-EPI (CKD G2-5) 
(ml/min./1.73 m2)

54.3 ± 20.8 50.8 ± 12.1 0.441

serum albumin (g/l) 28.9 ± 7.2 30.0 ± 9.5 0.563

serum cholesterol 
(mmol/l)

8.1 ± 2.8 7.3 ± 3.2 0.256

serum trigliceride 
(mmol/l)

2.8 ± 2.7 2.1 ± 1.1 0.222

proteinuria (g/day) 10.1 ± 6.0 5.2 ± 3.7 0.003

nephrotic syndrome 
(number, %)

40 (63.5%) 10 (41.7%) 0.089

nephrotic proteinuria 
without nephrotic syn-
drome (number, %)

19 (30.2%) 5 (20.8%) 0.435

non-nephrotic 
proteinuria/
nephritic syndrome 
(number, %)

4 (6.3%) 9 (37.5%) < 0.001

Values are in mean ± standard deviation (SD) where necessary
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Fig. 2 IgG subclass dominance/codominance in pMN and sMN. There is a significant difference in the prevalence of the IgG subtype dominance/co-
dominance between cohorts of pMN and sMN (*p < 0.001, **p = 0.002, respectively)

 

Fig. 1 Typical expression of IgG subclasses, the PLA2R antigen and complement 4d in primary membranous nephropathy. Representative images of a 
case of PLA2R-positive, IgG4-dominant primary membranous nephropathy, stage 3. The staining intensity of IgG4 in immune deposits (d) was scored as 
3+, and that of IgG1 (a) and IgG3 (c) as 2+, respectively. The reaction of IgG2 (b) was read as negative. The staining of the PLA2R antigen (e) in the deposits 
was bright. Note the complement 4d (C4d)-positivity of immune deposits (f ), indicating complement activation via the lectin pathway. Immunofluores-
cence; images photographed at a magnification of 40x; the length of bar represents 50 μm
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and the underlying disease was not entirely obvious. The 
first patient was a 57-year-old woman in whom T-cell 
acute lymphoblastic leukemia (T-ALL) and concurrent 
MN were diagnosed. The case was published recently 
elsewhere [19]. In brief, the proteinuria displayed a close 
relationship with the presence, chemotherapy-induced 
remission, and then relapse of T-ALL, thus it met the 
clinical criteria of malignancy-associated MN proposed 
by P. Ronco [20]. The pathological phenotype was char-
acterized by mild and segmental positivity for glomeru-
lar PLA2R antigen, an incomplete global distribution of 
IgG1-IgG4 codominant deposits, stage 1–2 glomeru-
lopathy, and more than 8 endocapillary leukocytes/

glomerular profile. The immunostainings for glomeru-
lar THSD7A and NELL1 expression were negative. An 
indirect immunofluorescence assay for autoantibodies 
against PLA2R, THSD7A and neutral endopeptidase 
revealed a low anti-PLA2R titer. Although the leuke-
mic lymphoblasts expressed CD10 (neutral endopepti-
dase) immunohistochemically, no change was observed 
in the CD10 expression of podocytes. It appeared that 
the T-ALL-associated MN was mediated by a strong 
autoimmune response for a hidden tumor antigen, and 
a weak one for PLA2R. The patient died six weeks after 
the renal biopsy procedure [19]. The second patient was 
a 66-year-old man, and he had PLA2R antigen-positive, 

Fig. 4 C1q positivity in pMN and sMN cases in the different IgG subtype dominance/codominance groups. Among the IgG4-dominant pMN cases, C1q 
negativity was more frequent than C1q positivity (*p=0.039)

 

Fig. 3 IgG subclass dominance/codominance in different stages of pMN
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IgG4-dominant, stage 3 MN, exhibiting glomerular leu-
kocytosis; and anti-PLA2R antibodies were demon-
strated in high titer. The nephrotic syndrome did not 
respond to glucocorticoid plus cyclophosphamide ther-
apy. Metastatic squamous cell carcinoma of the oral cav-
ity was diagnosed 12 months after the diagnosis of MN, 
and the patient passed away shortly thereafter. Glomeru-
lar leukocytosis was treated in retrospect as the feature of 
malignancy-associated MN [10], since thrombi in veins 
and/or glomeruli, dilation and congestion of glomerular 
and peritubular capillaries, disproportionate interstitial 
edema and/or focal interstitial hemorrhages suggestive 
of renal vein thrombosis were not observed in the biopsy 
specimen, and the ultrasound evaluation of the kidneys 
before and after the biopsy procedure did not raise the 
suspicion of renal vein thrombosis. A computed tomog-
raphy angiography of kidneys, however, was not per-
formed during the clinical evaluation of the patient. The 
third patient, a 53-year-old man with non-differentiated 
collagenosis (asymmetric oligoarthritis, gastrointesti-
nal and other extrarenal symptoms, 0.73  g/day protein-
uria, microhematuria, decreased renal function, raised 
inflammatory markers, negativity for ANCAs, positiv-
ity for anti-nuclear antibodies, anti-SSA antibodies, and 

anti-Jo1 antibodies, and mild positivity for rheumatoid 
factor-IgA) showed the simultaneous presence of stage 
4 MN and crescentic IgA glomerulonephritis (probably 
IgA-vasculitis). The MN displayed IgG4-dominance and 
mildly intense positivity for PLA2R antigen.

For pMN, the sensitivity and specificity values for anti-
PLA2R seropositivity, PLA2R antigen staining and pat-
terns of IgG subclass distribution are shown in Table 3. 
As can be seen, the specificity of PLA2R seropositivity, 
IgG4-dominance, and IgG4-dominance/IgG3-IgG4-
codominance was high, around 90%. Among the sensitiv-
ity values, IgG4-dominance/codominance with any other 
IgG subtype displayed the best sensitivity (92.1%), fol-
lowed by PLA2R staining (81.0%), and IgG4-dominance/
IgG3-IgG4-codominance (76.2%).

Regarding the distribution of IgG subclasses in pMN 
(Fig.  2), IgG4-dominance was the predominant pattern 
(55.5%). The second most frequent pattern was IgG3/
IgG4-codominance (20.6%), and the third was IgG1/
IgG4-codominance (14.2%). In contrast, IgG1-domi-
nance, followed by IgG3-dominance characterized sMN. 
IgG4-dominance was rarely encountered, observed in the 
case of MN and concurrent crescentic IgA glomerulone-
phritis, and in the case of MN and squamous cell carci-
noma of the tonsils. Of interest, PLA2R antigen staining 
positivity was detected in 3 out of the 5 non-lupus sMN 
cases.

The analysis of correlation among anti-PLA2R sero-
positivity, PLA2R antigen staining, and patterns of IgG 
subclass distribution (Table  4) found that almost all the 
parameters had a significant correlation with each other; 

Table 2 Number of pMN and sMN cases; causes of sMN
pMN (number, %) 63 

(72.4%)
sMN (number, %) 24 

(27.6%)

Lupus nephritis 16

Lupus-like nephritis* 1

HCV infection + SLE 1

SLE + rheumatoid arthritis + Sjögren syndrome 1

Ulcerative colitis 1

HBV infection + Graves-Basedow disease 1

Non-differentiated collagenosis, crescentic IgA glomerulone-
phritis (probably IgA-vasculitis) and MN

1

Malignancy** 2
*Renal limited disorder with “full house” positivity but without serological 
positivity and extrarenal manifestations of SLE

**Malignancy: squamous cell carcinoma of the oral cavity in a male patient, and 
acute T-cell leukemia in a female patient

Table 3 Sensitivity and specificity values of serological and 
immunohistological examinations for the detection of pMN

Sensi-
tivity 
(%)

Spec-
ificity 
(%)

Anti-PLA2R seropositivity 61.1 90.0

PLA2R antigen staining 81.0 66.7

IgG4-dominance 52.2 91.7

IgG4-dominance/codominance with any other IgG 
subtype

92.1 70.8

IgG4-dominance/IgG1-IgG4-codominance 64.2 75.0

IgG4-dominance/IgG3-IgG4 codominance 76.2 87.5

Table 4 Correlation between the immunohistological 
parameters and anti-PLA2R seropositivity
Examinations p value of 

correlation
Anti-PLA2R 
seropositivity

PLA2R antigen staining < 0.001

Anti-PLA2R 
seropositivity

IgG4-dominance 0.057 (NS)

Anti-PLA2R 
seropositivity

IgG4-dominance/codominance < 0.001

Anti-PLA2R 
seropositivity

IgG4-dominance/
IgG1-IgG4-codominance

0.108 (NS)

Anti-PLA2R 
seropositivity

IgG4-dominance/
IgG3-IgG4-codominance

< 0.001

PLA2R antigen 
staining

IgG4-dominance 0.005

PLA2R antigen 
staining

IgG4-dominance/codominance 0.011

PLA2R antigen 
staining

IgG4-dominance/
IgG1-IgG4-codominance

0.007

PLA2R antigen 
staining

IgG4-dominance/IgG3-IgG4-dominance 0.005

Correlations were analyzed in 74 cases

NS: not significant
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that is, anti-PLA2R seropositivity had an excellent cor-
relation with PLA2R antigen staining, IgG4-dominance/
codominance, and IgG4-dominance/IgG3-IgG4-codom-
inance, respectively. Anti-PLA2R seropositivity and 
PLA2R antigen staining were concordantly positive in 29 
and concordantly negative in 7 out of the 54 pMN cases. 
Anti-PLA2R seropositivity was accompanied by negative 
PLA2R staining in 4 patients; and conversely, positive 
PLA2R staining was accompanied by a negative anti-
PLA2R antibody test result in 14 patients out of the 54 
pMN cases. Most of the latter cases were classified elec-
tron microscopically as early MN because stage 1 was 
observed in 8 samples, and in 2 cases with stage 4 dis-
ease fresh subepithelial deposits were noted, indicating a 
relapse in the formation of immune deposits. There were 
5 cases with positive PLA2R antigen staining that did not 
display IgG4-dominance/codominance, and there were 
12 cases in which IgG4-dominance/codominance was 
accompanied by negative PLA2R staining.

Regarding the distribution pattern of IgG subclasses in 
different stages of pMN, IgG4-dominance was observed 
in all the stages of pMN (Fig. 3). There was no significant 
difference between the prevalence of IgG4-dominance 
and IgG4-dominance/codominance among the stages 
(p = 0.950, p = 0.849).

C1q positivity was significantly more frequent in 
sMN than pMN (p < 0.001). In pMN, C1q positivity was 
mainly associated with cases of IgG3-IgG4-codominance 
(Fig. 4.). Among IgG4-dominant pMN cases, C1q nega-
tivity was significantly more frequent than C1q positivity.

Discussion
In the clinical management of patients with MN, it is 
mandatory to exclude SLE, infections, drugs and malig-
nancy, regardless of whether anti-PLA2R antibodies and/
or anti-THSD7A antibodies are absent or present [12]. 
However, the intensification of diagnostic procedures 
for looking for a secondary origin may vary in different 
nephrology units. To look for malignancy, some centers 
conduct the basic examinations of chest X-ray, abdomi-
nal ultrasound, a pelvic/rectal exam for gynecological/
urological malignancy, the fecal occult bleeding test, 
and mammography, while others perform panendos-
copy of the gastrointestinal tract. Still it is possible that 
the malignancy may only be detectable on a PET or CT 
scan or it cannot be detected at the time of diagnosis of 
MN, just several months later [21]. Moreover, it is not 
clear how intensively and how often clinicians should 
carry out the examinations for sMN. And, if a poten-
tially secondary origin is identified, it may not be easy to 
determine the causal relationship between the underlying 
disease and MN; an association of the two disorders may 
be merely coincidental. The results of PLA2R antigen 
and IgG subclass distribution in glomerular deposits [13, 

22] can provide relevant information alongside clinical 
examinations in the separation of pMN from sMN. This 
is discussed below.

The features of pMN presented refer to patients living 
in an agricultural region of Central-Eastern Europe, and 
their being almost exclusively Caucasians. As far as we 
know, no similar study has been published for this part 
of Europe. The diagnostic performance of PLA2R stain-
ing relative to anti-PLA2R seropositivity for the detec-
tion of pMN was 81% sensitivity and 66.7% specificity for 
glomerular PLA2R, and 61.1% sensitivity and 90% speci-
ficity for anti-PLA2R seropositivity. In the cohort of 42 
pMN patients from France [23] there were 10 patients 
with positive PLA2R staining and no measurable anti-
bodies in the serum, and 3 patients with high levels of 
anti-PLA2R antibodies and negative PLA2R glomerular 
staining (biopsy sensitivity 74%; serum sensitivity 57%). 
In the study of 22 pMN from Japan, glomerular PLA2R 
deposits were observed in 64% of cases, and serum anti-
PLA2R antibodies in 55% of cases [18]. In the meta-anal-
ysis of 19 studies involving 1160 patients PLA2R staining 
positivity had a sensitivity of 78% and specificity of 91% 
for detecting PMN, while anti-PLA2R1 seropositivity had 
a sensitivity of 68% and specificity of 97% for the same 
set of patients [24]. These values are slightly different 
from those in the present study. Several factors might 
influence the diagnostic accuracy of glomerular PLA2R 
staining and anti-PLA2R seropositivity for pMN detec-
tion, such as differences in the sensitivity of the tech-
nique used for the testing of anti-PLA2R antibodies [4, 
25], the method of immunostaining [26], the test time 
interval [27] and the dynamics of antibody response dur-
ing the progression of MN. Anti-PLA2R antibodies may 
already be present in the non-nephrotic stage of MN [28], 
and conversely, they may be absent at the onset of the 
nephrotic stage of the disease [4, 29]. Seronegative pMN 
with glomerular PLA2R-positivity may turn into sero-
positive pMN provided the follow-up is sufficiently long 
[4, 29, 30]. Taking these factors in account, glomerular 
PLA2R staining usually has better sensitivity, and anti-
PLA2R seropositivity usually has a higher specificity score 
for pMN detection.

The discordance between the results of anti-PLA2R 
serology and PLA2R staining may be due to the following: 
(1) The patient develops a spontaneous serological remis-
sion or has an undulating serum level of anti-PLA2R 
antibody, while the PLA2R antigen is still demonstrable 
in glomerular immune deposits [27]. (2) According to the 
hypothesis of the kidney as a sink, the anti-PLA2R anti-
bodies may sometimes appear in the blood after the kid-
neys’ buffering capacity has been exceeded [27, 30, 31]. 
This may be so in majority of cases in our series, since 
among the 14 seronegative cases with glomerular PLA2R 
positivity, 8 cases were in stage 1 disease, and 2 cases 
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with stage 4 disease had fresh subepithelial deposits. (3) 
Anti-PLA2R serological positivity with lack of staining 
on biopsy rarely occurs; as indirect IF has a higher sen-
sitivity but lower specificity in detecting anti-PLA2R 
antibodies. An ELISA assay could exclude false positive 
results, but the assay was not available in Hungary during 
the study period.

In 2016, investigators from the USA [22] and China [16] 
independently found IgG subclass staining to be a valu-
able tool in the differentiation of pMN from sMN: IgG4-
dominance/codominance characterized pMN in both 
studies. Our study on Hungarian patients provides simi-
lar observations. It remains unclear, however, whether 
IgG4-dominance or IgG4-dominance/codominance with 
any other IgG subclass or IgG4-dominance/IgG1-IgG4-
codominance has the highest specificity for the detection 
of pMN. In our cohort, IgG4-dominance performed the 
best with 91.7% specificity, comparable with the perfor-
mance of anti-PLA2R seropositivity (90.0%) and much 
higher than the specificity of glomerular PLA2R positiv-
ity (66.7%). The second and the third subclass distribution 
pattern was IgG3/IgG4-codominance, and IgG1/IgG4-
codominance, respectively; the diagnostic performance 
of IgG4-dominance/IgG3-IgG4-codominance indicated 
good sensitivity (76.2%) and high specificity (87.5%). In 
the cohort of 286 pMN cases from Columbus, USA, IgG1 
(97%) was the most frequent subclass, followed by IgG4 
(94%), and the staining intensity assessed semiquantita-
tively was 1.9 for IgG1, and 2.4 for IgG4, resulting in an 
IgG1/IgG4-codominant or an IgG4-dominant staining 
pattern [22]. The IgG subclass distribution pattern in our 
patients significantly differed from that in the Columbus 
series, because we observed a striking IgG4-dominance in 
all stages of pMN, followed by IgG4-dominance/IgG3-
IgG4 codominance distribution pattern. Consistent with 
our findings, the IgG4 subclass dominated all the stages 
of PLA2R-associated MN in patients from Beijing, China 
[17]. In the series from the Mayo Clinic (USA), analyzing 
the temporal IgG subtype changes in recurrent idiopathic 
MN, IgG4 was the dominant IgG subtype, regardless of 
the time from recurrence or PLA2R-association, and in 
the majority of recurrent MN the (co)dominant subtype 
did not change over time [32]. While we cannot provide a 
reasonable explanation for the discordant observations, it 
appears that pMN is a predominantly IgG4-related disor-
der right from the start in Hungarian patients. One of our 
reviewers had the opinion that this conclusion is over-
stated without investigating repeat biopsies or measure-
ments of IgG1 and IgG4 antibodies in patients’ serum. 
Indeed, these results would be of value here, but the 
clinical situation did not necessitate repeating the renal 
biopsy procedure and/or a subclass-specific analysis of 
anti-PLA2R antibodies. Probably for similar reasons, 
however, none of the publications of Huang et al. from 

Columbus, USA [8], Dong et al. [16] and Cui et al. [17] 
from China, and Hayashi et al. [18] from Japan included 
the results of repeat biopsies or a subclass-specific analy-
sis of anti-PLA2R antibodies while investigating the pres-
ence or absence of an IgG subclass switch from IgG1 to 
IgG4 in pMN. In summary, an IgG subtype analysis and 
a glomerular PLA2R staining support the differentiation 
of pMN from sMN, and IgG4 subclass dominance has the 
highest specificity score in our cohort.

In agreement with the IgG subclass distribution pattern 
of pMN, C1q-positivity was obviously not characteristic 
for pMN in our cohort, since IgG4 cannot bind C1q, a 
major precursor in the classical pathway. The lectin path-
way might be involved in complement activation in pMN 
[33], activated for example by aberrantly glycosylated 
IgG4 [34], because C4d, a product of mannose binding 
lectin-associated serine proteases is commonly found in 
pMN (see Fig. 1). The alternative pathway does not cleave 
C4.

Malignancy-associated MN is a challenging subset of 
MN. Pathologically, an increased number of leukocytes 
in glomerular capillaries [10], the dominance of IgG1 
and IgG2 subclasses in deposits [9, 35], the negativity of 
deposits for PLA2R and subglobally distributed depos-
its [7] all suggest that the patient has a malignant tumor, 
often clinically hidden. Malignancy is usually found 
within a year of the diagnosis of MN [21], and in most 
cases it is discovered before or at the time of the diagno-
sis of renal disease. Solid tumors, such as carcinomas of 
the lungs, prostate, gastrointestinal tract, breast, kidney, 
urinary bladder or the skin may have an association with 
MN [36], but it is difficult to prove a link between the two 
disorders. In 1999, P. Ronco proposed three criteria for 
diagnosing malignancy-associated MN: the treatment-
induced remission of cancer is followed by the remission 
of the nephrotic syndrome; the recurrence of the neo-
plasia is accompanied by a renal relapse; and tumor anti-
gens and antitumor antibodies are detected within the 
subepithelial deposits [20]. However, the tumor antigen 
frequently remains undetected during the management 
of the patients. Although malignancy-associated MN is 
usually seronegative for anti-PLA2R antibodies [9, 14], 
there are occasionally cases which display a high titer of 
anti-PLA2R antibodies [37, 38]. Therefore, some authors 
think that the subtype analysis of glomerular IgG, along 
with the summarized biopsy features of malignancy-
associated MN is not sufficient to provide a definite diag-
nosis of pMN or sMN [11, 39]. If malignancy-associated 
MN is suspected, the glomerular antigen status should 
be completed with THSD7A and NELL1 examinations 
[7, 40]. The evaluation of NELL1 axis is, however, not yet 
widely available, and we also performed it in an interna-
tional collaboration.
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In our series, the clinicopathological features of T-ALL 
and concurrent MN negative for THSD7A and NELL1, 
and segmentally and mildly positive for PLA2R indi-
cated true paraneoplastic MN, although the exact patho-
genetic link between the leukemia and MN remained 
unexplored. In the case of a 66-year-old man with PLA2R 
antigen-positive, IgG4-dominant, stage 3 MN and glo-
merular leukocytosis, and metastatic squamous cell car-
cinoma of the oral cavity one year after the diagnosis of 
MN, the results obtained were not enough to conclude 
whether the patient had PLA2R-associated pMN with 
coincidentally discovered malignancy, or the malignancy 
induced the formation of anti-PLA2R autoantibodies that 
resulted in MN. Since the proteinuria did not respond to 
conventional therapy of MN, we felt that the case should 
be placed in the sMN group. Lastly, we had the case of 
a 53-year-old man with non-differentiated collagenosis in 
whom concurrent crescentic IgA glomerulonephritis and 
stage 4 IgG4-dominant MN with mildly intense positiv-
ity of PLA2R antigen were found. Because of the features 
of non-differentiated collagenosis, the case was included 
in the sMN group, although it might just represent the 
coincidence of two primary renal diseases. If we assigned 
the last two patients erroneously, and they were clear 
examples of pMN, then IgG4-dominance was exclusively 
a feature of pMN in Hungarian patients.

The KDIGO 2021 Clinical Practice Guideline for the 
Management of Glomerular Diseases [12] stated that 
in the case of anti-PLA2R seropositivity, normal eGFR 
and no immunosuppressive therapy, carrying out a kid-
ney biopsy is not needed for making the clinical diag-
nosis of MN. If immunosuppressive therapy needs to 
be administered, a kidney biopsy should be considered. 
In contrast, the biopsy procedure should be conducted 
if there is an unusual clinical course or a rapid eGFR 
decrease is detected or there are serological abnormali-
ties (for instance positive nuclear antibodies) or there is 
unresponsiveness to immunosuppressive therapy [12]. 
According to the review of Ronco [41] based on the 
study of Bobart el al [42]., a biopsy procedure is not rec-
ommended if eGFR > 60 ml/min/1.73 m2, if anti-PLA2R 
serology is positive and there is no evidence of a second-
ary cause or diabetes. Among the serologically evaluated 
74 MN patients, 6 patients had anti-PLA2R positivity 
and normal eGFR (> 90 ml/min./m2). However, immu-
nosuppressive treatment was initiated in all of them, so 
on basis of the KDIGO protocol [12] they were placed in 
the group where a biopsy should be considered. Accord-
ing to Ronco’s recommendation [41], the biopsy confir-
mation of MN could in retrospect have been replaced by 
a serology-based diagnostic approach in 10 patients out 
of the 74 patients, and this indicates that the diagnosis of 
MN still necessitates the evaluation of the kidney biopsy 
sample in the majority of patients. The good point of 

our study was that we compared the statistical value of 
widely available immunohistological methods in the dif-
ferentiation of pMN and sMN. Previously there was no 
direct comparison of the specificity of IgG4-dominance 
and different IgG4-dominance/codominance patterns 
and there was little knowledge about the comparison of 
PLA2R-based diagnostics (serology, immunohistology) 
and IgG1-4 subtype evaluation. The limitations were that 
most sMN cases were lupus MN, the number of malig-
nancy-associated MN was low, and the antigen status 
was not always complete.

In conclusion, in the retrospective cohort of MN 
patients from Central-Eastern Europe, anti-PLA2R serol-
ogy had a lower sensitivity score for pMN than that given 
in most of the publications; however the specificity of 
seropositivity was comparably high, hence it has a defi-
nite value in the classification of MN. On reevaluating 
the biopsy indication of our cases on the basis of new 
non-invasive approaches, the biopsy procedure had to be 
performed or it should have been considered in most of 
the cases. With a histological evaluation, PLA2R staining 
alone had a lower specificity score than that for serology. 
Nevertheless, we recommend that it be supplemented 
with an IgG subtype analysis, since IgG4-dominance, 
followed by IgG4-dominance/IgG3-IgG4-codominance 
offers high specificity in differentiating pMN from sMN. 
However, malignancy should still be carefully looked for. 
The possibility of an IgG1 to IgG4 subtype switch dur-
ing the progression of pMN was not demonstrated in the 
Hungarian cohort.

The classification of MN into primary and secondary 
is on the way to being replaced by the antigen detected 
[43], because the presence of autoantibodies is not always 
in accord with the clinical definitions of pMN and sMN. 
In clinical practice, however, the results of anti-PLA2R 
serology, PLA2R immunohistology, along with the deter-
mination of IgG subclass in glomerular immune deposits 
are widely available, and their results might narrow the 
range of tests required for evaluating MN patients.

List of abbreviations
GBM  Glomerular basement membrane
IF  Immunofluorescence
Jo-1 antibody  Myositis specific autoantibody directed against the histidyl-

tRNA synthetase
MN  Membranous nephropathy
NELL1  Neural epidermal growth-factor-like 1 protein
PLA2R  Phospholipase A2 receptor
pMN  Primary membranous nephropathy
sMN  Secondary membranous nephropathy
SLE  Systemic lupus erythematosus
SSA  Sjögren’s-syndrome-related antigen A
T-ALL  T-cell acute lymphoblastic leukemia
THSD7A  Thrombospondin type-1 domain containing protein 7 A

Acknowledgements
The authors are grateful to J. Árgyelán, MD, and Zs. Bodó, MD, who helped to 
compile the clinical data and photodocumentation of IgG subclass staining in 
a significant number of patients. D. Schulcz, MD, performed the renal biopsy 



Page 10 of 11Bajcsi et al. BMC Nephrology          (2023) 24:230 

procedure on several patients. A. Balog, PhD, E. Berkesi, MD, I. Fejes, MD, Z. 
Hódi MD, L. Kovács, PhD, K. Magyar, MD, Gy. Ruzsa, MD, Zs. Seres, MD, M. Szabó, 
MD, E. Szederkényi, PhD, E. Wórum, MD provided data for the follow-up. We 
thank the reviewers for their comments and for their insights.

Authors’ contributions
D. B. wrote the draft version of the manuscript and managed the clinical 
evaluation and treatment of majority of the patients. L. B. and P. L. managed 
the clinical evaluation and treatment of the rest of the patients. Gy. Á., a senior 
nephrologist, supervised the clinical evaluation and management of the 
kidney disease. T. Ny. performed the statistical analysis. Pathologists S. T-N. 
and É. K. reported and documented several biopsy samples of the series. S. 
T-N. helped to compile the photodocumentation of the renal biopsy samples. 
B. I., a senior pathologist, diagnosed the majority of the cases, and critically 
reviewed the manuscript. All authors read and approved the final manuscript.

Funding
No funding was obtained for this study.
Open access funding provided by University of Szeged.

Data Availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
All investigations and procedures were carried out in accordance with the 
ethical standards of the Institutional committee and the World Medical 
Association Declaration of Helsinki. Written informed consent was obtained 
from the patients for all the investigative procedures detailed in the text.
Ethical approvalwas obtained from by the Regional Research Ethics 
Committee of the University of Szeged.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Szent-Györgyi Albert Health Center, University of Szeged, Szeged, 
Hungary

Received: 3 March 2023 / Accepted: 19 July 2023

References
1. McQuarrie EP, Mackinnon B, Stewart GA, Geddes CC. Membranous 

nephropathy remains the commonest primary cause of nephrotic syndrome 
in a northern european caucasian population. Nephrol Dial Transplant. 
2010;25(3):1009–10. https://doi.org/10.1093/ndt/gfp665.

2. Beck LH Jr, Bonegio RGB, Lambeau G, Beck DM, Powell DW, Cummins TD, 
et al. M-type phospholipase A2 receptor as a target antigen in idiopathic 
membranous nephropathy. N Engl J Med. 2009;361(1):11–21. https://doi.
org/10.1056/NEJMoa0810457.

3. Seitz-Polski B, Dolla G, Payré C, Girard CA, Polidori J, Zorzi K, et al. Epitope 
spreading of Autoantibody Response to PLA2R Associates with poor prog-
nosis in Membranous Nephropathy. J Am Soc Nephrol. 2016;27(5):1517–33. 
https://doi.org/10.1681/ASN.2014111061.

4. van de Logt AE, Fresquet M, Wetzels JF, Brenchley P. The anti-PLA2R antibody 
in membranous nephropathy: what we know and what remains a decade 
after its discovery. Kidney Int. 2019;96(6):1292–302. https://doi.org/10.1016/j.
kint.2019.07.014.

5. Tomas NM, Beck LH Jr, Meyer-Schwesinger C, Seitz-Polski B, Ma H, Zahner 
G, et al. Thrombospondin type-1 domain-containing 7A in idiopathic 
membranous nephropathy. N Engl J Med. 2014;371(24):2277–87. https://doi.
org/10.1056/NEJMoa1409354.

6. Sethi S, Debiec H, Madden B, Cherlesworth MC, Morelle J, Gross L, et al. 
Neural epidermal growth factor-like 1 protein (NELL-1) associated membra-
nous nephropathy. Kidney Int. 2020;97(1):163–74. https://doi.org/10.1016/j.
kint.2019.09.014.

7. Caza TN, Hassen SI, Dvanajscak Z, Kuperman M, Edmondson R, Herzog C, 
et al. NELL1 is a target antigen in malignancy-associated membranous 
nephropathy. Kidney Int. 2021;99(4):967–76. https://doi.org/10.1016/j.
kint.2020.07.039.

8. Huang CC, Lehman A, Albawardi A, Satoskar A, Brodsky S, Nadasdy Gy, et 
al. IgG subclass staining in renal biopsies with membranous glomerulone-
phritis indicates subclass switch during disease progression. Mod Pathol. 
2013;26(6):799–805. https://doi.org/10.1038/modpathol.2012.237.

9. Lönnbro-Widgren J, Ebefors K, Mölne J, Nyström J, Haraldsson B. Glomeru-
lar IgG subclasses in idiopathic and malignancy-associated membranous 
nephropathy. Clin Kidney J. 2015;8(4):433–9. https://doi.org/10.1093/ckj/
sfv049.

10. Lefaucheur C, Stengel B, Nochy D, Martel P, Hill GS, Jacquot C, GN-PROGRESS 
Study Group, et al. Membranous nephropathy and cancer: epidemiologic 
evidence and determinants of high-risk cancer association. Kidney Int. 
2006;70(8):1510–7. https://doi.org/10.1038/sj.ki.5001790.

11. von Haxthausen F, Reinhard L, Pinnschmidt HO, Rink M, Soave A, Hoxha E, et 
al. Antigen-Specific IgG subclasses in primary and Malignancy-Associated 
Membranous Nephropathy. Front Immunol. 2018;9:3035. https://doi.
org/10.3389/fimmu.2018.03035.

12. Rovin BH, Adler SG, Barrat J, Bridoux F, Burdge KA, Chan TM, et al. Executive 
summary of the KDIGO 2021 Guideline for the management of glomeru-
lar Diseases. Kidney Int. 2021;100(4):753–79. https://doi.org/10.1016/j.
kint.2021.05.015.

13. Larsen CP, Messias NC, Silva FG, Messias E, Walker PD. Determination of 
primary versus secondary membranous glomerulopathy utilizing phospho-
lipase A2 receptor staining in renal biopsies. Mod Pathol. 2013;26(5):709–15. 
https://doi.org/10.1038/modpathol.2012.207.

14. Radice A, Pieruzzi F, Trezzi B, Ghiggeri G, Napodano P, D’Amico M, et al. Diag-
nostic specificity of autoantibodies to M-type phospholipase A2 receptor 
(PLA2R) in differentiating idiopathic membranous nephropathy (IMN) from 
secondary forms and other glomerular diseases. J Nephrol. 2018;31(2):271–8. 
https://doi.org/10.1007/s40620-017-0451-5.

15. Ryan MS, Satoskar AA, Nadasdy GYM, Brodsky SV, Hemminger JA, Nadasdy T. 
Phospholipase A2 receptor staining is absent in many kidney biopsies with 
early-stage membranous glomerulonephritis. Kidney Int. 2016;89(6):1402–3. 
https://doi.org/10.1016/j.kint.2015.12.057.

16. Dong HR, Wang YY, Cheng XH, Wang GQ, Sun J, Cheng H, et al. Retrospec-
tive study of phospholipase A2 receptor and IgG subclasses in glomerular 
deposits in chinese patients with Membranous Nephropathy. PLoS ONE. 
2016;11(5):e0156263. https://doi.org/10.1371/journal.pone.0156263.

17. Cui HY, Li C, Li H, Wen YB, Duan L, Li Y et al. Analysis of Glomerular IgG 
Subclasses Switch in Idiopathic Membranous Nephropathy Classified by 
Glomerular Phospholipase A2 Receptor Antigen and Serum Antibody. Dis 
Markers. 2021; 2021: 9965343. https://doi.org/10.1155/2021/9965343.

18. Hayashi N, Akiyama S, Okuyama H, Matsui Y, Adachi H, Yamaya H, et al. 
Clinicopathological characteristics of M-type phospholipase A2 receptor 
(PLA2R)-related membranous nephropathy in japanese. Clin Exp Nephrol. 
2015;19(5):797–803. https://doi.org/10.1007/s10157-014-1064-0.

19. Bitó L, Modok Sz, Belovai A, Bajcsi D, Turkevi-Nagy S, Krenács L, et al. T-Cell 
Acute Lymphoblastic Leukemia-associated Membranous Nephropathy in an 
adult patient - A Case Report. J Clin Nephrol Res. 2023;10(1):1112.

20. Ronco PM. Paraneoplastic glomerulopathies: new insights 
into an old entity. Kidney Int. 1999;56(1):355–77. https://doi.
org/10.1046/j.1523-1755.1999.00548.x.

21. Plaisier E, Ronco P. Screening for cancer in patients with glomerular 
diseases. Clin J Am Soc Nephrol. 2020;15(6):886–8. https://doi.org/10.2215/
CJN.09000819.

22. Hemminger J, Nadasdy Gy, Satoskar A, Brodsky SV, Nadasdy T. IgG subclass 
staining in routine renal biopsy material. Am J Surg Pathol. 2016;40(5):617–26. 
https://doi.org/10.1097/PAS.0000000000000605.

23. Debiec H, Ronco P. PLA2R autoantibodies and PLA2R glomerular deposits in 
membranous nephropathy. N Engl J Med. 2011;364(7):689–90. https://doi.
org/10.1056/NEJMc1011678.

24. Dai H, Zhang H, He Y. Diagnostic accuracy of PLA2R autoantibodies and 
glomerular staining for the differentiation of idiopathic and secondary 
membranous nephropathy: an updated meta-analysis. Sci Rep. 2015;5:8803. 
https://doi.org/10.1681/ASN.2020071082.

https://doi.org/10.1093/ndt/gfp665
https://doi.org/10.1056/NEJMoa0810457
https://doi.org/10.1056/NEJMoa0810457
https://doi.org/10.1681/ASN.2014111061
https://doi.org/10.1016/j.kint.2019.07.014
https://doi.org/10.1016/j.kint.2019.07.014
https://doi.org/10.1056/NEJMoa1409354
https://doi.org/10.1056/NEJMoa1409354
https://doi.org/10.1016/j.kint.2019.09.014
https://doi.org/10.1016/j.kint.2019.09.014
https://doi.org/10.1016/j.kint.2020.07.039
https://doi.org/10.1016/j.kint.2020.07.039
https://doi.org/10.1038/modpathol.2012.237
https://doi.org/10.1093/ckj/sfv049
https://doi.org/10.1093/ckj/sfv049
https://doi.org/10.1038/sj.ki.5001790
https://doi.org/10.3389/fimmu.2018.03035
https://doi.org/10.3389/fimmu.2018.03035
https://doi.org/10.1016/j.kint.2021.05.015
https://doi.org/10.1016/j.kint.2021.05.015
https://doi.org/10.1038/modpathol.2012.207
https://doi.org/10.1007/s40620-017-0451-5
https://doi.org/10.1016/j.kint.2015.12.057
https://doi.org/10.1371/journal.pone.0156263
https://doi.org/10.1155/2021/9965343
https://doi.org/10.1007/s10157-014-1064-0
https://doi.org/10.1046/j.1523-1755.1999.00548.x
https://doi.org/10.1046/j.1523-1755.1999.00548.x
https://doi.org/10.2215/CJN.09000819
https://doi.org/10.2215/CJN.09000819
https://doi.org/10.1097/PAS.0000000000000605
https://doi.org/10.1056/NEJMc1011678
https://doi.org/10.1056/NEJMc1011678
https://doi.org/10.1681/ASN.2020071082


Page 11 of 11Bajcsi et al. BMC Nephrology          (2023) 24:230 

25. Timmermans SAMEG, Damoiseaux JGMC, Heerings-Rewinkel PTJ, Ayalon 
R, Beck LH Jr, Schlumberger W, et al. Limberg Renal Registry. Evaluation of 
anti-PLA2R1 as measured by a novel ELISA in patients with idiopathic mem-
branous nephropathy: a cohort study. Am J Clin Pathol. 2014;142(1):29–34. 
https://doi.org/10.1309/AJCP8QMOY5GLRSFP.

26. Hara S, Goto S, Kamiura N, Yoshimoto A, Naito T, Imagawa N, et al. Reap-
praisal of PLA2R1 in membranous nephropathy: immunostaining method 
influence and association with IgG4-dominant phenotype. Virchows Arch. 
2015;467(1):87–94. https://doi.org/10.1007/s00428-015-1754-3.

27. Svobodova B, Honsova E, Ronco P, Tesar V, Debiec H. Kidney biopsy is a 
sensitive tool for retrospective diagnosis of PLA2R-related membranous 
nephropathy. Nephrol Dial Transplant. 2013;28(7):1839–44. https://doi.
org/10.1093/ndt/gfs439.

28. Burbelo PD, Joshi M, Chaturvedi A, Little DJ, Thurlow JS, Waldman M, et al. 
Detection of PLA2R autoantibodies before the diagnosis of Membranous 
Nephropathy. J Am Soc Nephrol. 2020;31(1):208–17. https://doi.org/10.1681/
ASN.2019050538.

29. Ramachandran R, Kumar V, Nada R, Jha V. Serial monitoring of anti-PLA2R 
in initial PLA2R-negative patients with primary membranous nephropathy. 
Kidney Int. 2015;88(5):1198–9. https://doi.org/10.1038/ki.2015.310.

30. van de Logt, Hofstra JM, Wetzels JFM. Serum anti-PLA2R antibodies can be 
initially absent in idiopathic membranous nephropathy: seroconversion after 
prolonged follow-up. Kidney Int. 2015;87(6):1263–4. https://doi.org/10.1038/
ki.2015.34.

31. Fresquet M, Jowitt TA, Gummadova J, Collins R, O’Cualain R, McKenzie EA, et 
al. Identification of a major epitope recognized by PLA2R autoantibodies in 
primary membranous nephropathy. J Am Soc Nephrol. 2015;26(2):302–13. 
https://doi.org/10.1681/ASN.2014050502.

32. Kattah AG, Alexander MP, Angioi A, De Vriese AS, Sethi S, Cosio FG, et al. Tem-
poral IgG subtype changes in recurrent idiopathic membranous nephropa-
thy. Am J Transplant. 2016;16(10):2964–72. https://doi.org/10.1111/ajt.13806.

33. Ravindran A, Madden B, Charlesworth MC, Sharma R, Sethi A, Debiec H, et al. 
Proteomic analysis of complement proteins in Membranous Nephropathy. 
Kidney Int Rep. 2020;5(5):618–26. https://doi.org/10.1016/j.ekir.2020.01.018.

34. Haddad G, Lorenzen JM, Ma H, de Haan N, Seeger H, Zaghrini C, et al. 
Altered glycosylation of IgG4 promotes lectin complement pathway activa-
tion in anti-PLA2R1-associated membranous nephropathy. J Clin Invest. 
2021;131(5):e140453. https://doi.org/10.1172/JCI140453.

35. Ohtani H, Wakui H, Komatsuda A, Okuyama S, Masai R, Maki N, et al. 
Distribution of glomerular IgG subclass deposits in malignancy-associated 

membranous nephropathy. Nephrol Dial Transplant. 2004;19(3):574–9. 
https://doi.org/10.1093/ndt/gfg616.

36. Leeaphorn N, Kue-A-Pai P, Thamcharoen N, Ungprasert P, Stokes MB, Knight 
EL. Prevalence of cancer in membranous nephropathy: a systematic review 
and meta-analysis of observational studies. Am J Nephrol. 2014;40(1):29–35. 
https://doi.org/10.1159/000364782.

37. Baker LW, Jimenez-Lopez J, Geiger XJ, Aslam N. Malignancy-Associated 
Membranous Nephropathy with positive Anti-PLA2R autoantibodies: coin-
cidence or connection. Case Rep Nephrol Dial. 2021;11(3):334–9. https://doi.
org/10.1159/000520399.

38. Mathew D, Gupta S, Asman N. A case report of breast cancer and membra-
nous nephropathy with positive anti phospholipase A2 receptor antibodies. 
BMC Nephrol. 2021;22(1):324. https://doi.org/10.1186/s12882-021-02511-x.

39. Murtas C, Ghiggeri GM. Membranous glomerulonephritis: histological and 
serological features to differentiate cancer-related and non-related forms. J 
Nephrol. 2016;29(4):469–78. https://doi.org/10.1007/s40620-016-0268-7.

40. Hoxha E, Beck LH Jr, Wiech T, Tomas NM, Probst C, Mindorf S, et al. An 
indirect immunofluorescence method facilitates detection of thrombos-
pondin type 1 domain-containing 7A-specific antibodies in membranous 
nephropathy. J Am Soc Nephrol. 2017;28(2):520–31. https://doi.org/10.1681/
ASN.2016010050.

41. Ronco P, Beck L, Debiec H, Fervenza FC, Hou FF, Jha V, et al. Membranous 
nephropathy. Nat Rev Dis Primers. 2021;7(1):69. https://doi.org/10.1038/
s41572-021-00303-z.

42. Bobart SA, De Vriese AS, Pawar AS, Zand L, Sethi S, Giesen C, et al. Noninva-
sive diagnosis of primary membranous nephropathy using phospholipase A2 
receptor antibodies. Kidney Int. 2019;95(2):429–38. https://doi.org/10.1016/j.
kint.2018.10.021.

43. Bobart SA, Tehranian S, Sethi S, Alexander MP, Sasr SH, Marta CM, et al. 
A Target Antigen–Based Approach to the classification of Membranous 
Nephropathy. Mayo Clin Proc. 2021;98(3):577–91. https://doi.org/10.1016/j.
mayocp.2020.11.028.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1309/AJCP8QMOY5GLRSFP
https://doi.org/10.1007/s00428-015-1754-3
https://doi.org/10.1093/ndt/gfs439
https://doi.org/10.1093/ndt/gfs439
https://doi.org/10.1681/ASN.2019050538
https://doi.org/10.1681/ASN.2019050538
https://doi.org/10.1038/ki.2015.310
https://doi.org/10.1038/ki.2015.34
https://doi.org/10.1038/ki.2015.34
https://doi.org/10.1681/ASN.2014050502
https://doi.org/10.1111/ajt.13806
https://doi.org/10.1016/j.ekir.2020.01.018
https://doi.org/10.1172/JCI140453
https://doi.org/10.1093/ndt/gfg616
https://doi.org/10.1159/000364782
https://doi.org/10.1159/000520399
https://doi.org/10.1159/000520399
https://doi.org/10.1186/s12882-021-02511-x
https://doi.org/10.1007/s40620-016-0268-7
https://doi.org/10.1681/ASN.2016010050
https://doi.org/10.1681/ASN.2016010050
https://doi.org/10.1038/s41572-021-00303-z
https://doi.org/10.1038/s41572-021-00303-z
https://doi.org/10.1016/j.kint.2018.10.021
https://doi.org/10.1016/j.kint.2018.10.021
https://doi.org/10.1016/j.mayocp.2020.11.028
https://doi.org/10.1016/j.mayocp.2020.11.028

	The value of PLA2R antigen and IgG subclass staining relative to anti-PLA2R seropositivity in the differential diagnosis of membranous nephropathy
	Abstract
	Background
	Patients and methods
	Results
	Discussion
	References


