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Implication for health policy/practice/research/medical education:
Idiopathic membranous nephropathy should no longer be considered “idiopathic”. Anti phospholipase A2-
receptor (anti-PLA2R) antibodies are a useful method for its diagnosis. However, more studies are needed to 
confirm its presence in different population and exploring its mechanisms of  action in the pathogenesis of 
idiopathic membranous nephropathy.
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ABSTRACT

Background: Idiopathic Membranous Nephropathy (iMN) is the most common 
cause of  nephrotic syndrome in adults. Approximately one third of  patients with 
iMN progress to end-stage renal disease. Anti-phospholipase A2-receptor (anti-
PLA2R) antibodies are present in patients with iMN and appear to play a role in 
the pathogenesis of  iMN. 
Objectives: In this study, we explored the prevalence of  anti-PLA2R antibodies in a 
cohort of  patients with iMN in Iran. We also sought to determine circulating levels 
of  anti-secretory PLA2 (anti-sPLA2) antibodies in those with anti-PLA2R antibodies.
Patients and Methods: Using an indirect immunofluorescence assay, we measured 
anti-PLA2R antibodies in a group of  patients with iMN in Iran. The serum levels 
of  anti-sPLA2 antibodies were also measured in those with positive results for 
anti-PLA2R antibodies.
Results: We studied 23 patients with iMN (M/F 12/11, 34±9.8 year), two patients 
with secondary MN and five patients  with the nephrotic syndrome of  other 
causes.Anti-PLA2R antibodies were detected in 17/23 (74%) of  patients with 
iMN, but not in those with secondary MN or other forms of  primary glomerular 
diseases. We found no correlation between anti-PLA2R antibody titer and the 
degree of  proteinuria. We found high titers of  anti-sPLA2 antibodies in a subset 
of  patients with high levels of  anti-PLA2R antibodies.
Conclusions: Anti-PLA2R antibodies are specific for iMN. Proteinuria may also 
reflect glomerular structural damage rather than immunological activity of  the 
disease. The preliminary idea of  any presumptive role of  anti-sPLA2antibodies in 
iMN needs further  investigation.
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1. Background 
diopathic membranous nephropathy (iMN) is 
the most common cause of  nephrotic syn-
drome in adults. Approximately one third of 

patients with iMN progress to end-stage renal dis-
ease (1).In the past half  century, significant effort 
has been made to identify the target antigens in 
iMN. In Heymann nephritis, a rat model of  mem-
branous nephropathy, megalin was shown to be 
the target antigen. However, megalin is not ex-
pressed in human podocytes (1). In 2002, neutral 
endopeptidase was identified as the responsible 
antigen in a rare subset of  infants with alloim-
mune antenatal membranous nephropathy (2).
 In 2009, the landmark study by Beck and col-
leagues demonstrated that the target antigen in 
iMN is mainly a M-type trans membrane phospho-
lipase A2 receptor (PLA2R) located on podocytes 
and circulating antibody is mainly a non-comple-
ment binding-IgG4 antibody subclass. Beck et al. 
found that serum from 26 of  37 patients (70%) 
with iMN, but not secondary MN, specifically 
identified PLA2R on podocytes (1). In a Chinese 
study, 49 out of  60 patients (82%) with iMN dem-
onstrated anti-PLA2R antibodies in their serum, 
using the Western blot assay (3). In a European 
cohort, 14 out of  18 patients (78%) with iMN 
showed anti-PLA2R antibodies. Serum levels of 
anti-PLA2R antibodies decreased significantly 
during remission and increased again with relaps-
es (4). Anti-PLA2R antibodies were also found in 
5 out of  10 patients with iMN who received renal 
transplantation (5). Recently, Hoxha and co-work-
ers presented a new indirect immunofluorescence 
test to detect anti-PLA2R antibodies in serum. In 
their report, 52% of  patients with biopsy-proven 
iMN, but none of  those with secondary MN, had 
positive results for anti-PLA2R antibodies in their 
serum(6). PLA2R has been accepted as the major 

target antigen in iMN, however the triggers of  an-
tibody production and its mechanisms of  action 
are still unknown. The super family of  PLA2 is 
comprised of  a heterogeneous group of  proteins 
and enzymes, including secreted PLA2 (sPLA2), 
cytoplasmicPLA2 (cPLA2), and lysosomal PLA2 
(lPLA2 )(7). They occur ubiquitously in nature as 
both intracellular and extracellular forms and hy-
drolyze various phospholipids. They play pivotal 
roles in various biological activities and many are 
toxic (7, 8).

2. Objectives
 In this study, we examined the presence of  an-
ti-PLA2R antibodies in an Iranian cohort of  pa-
tients with iMN. We also studied the serum levels 
of  anti-sPLA2 antibodies in those with positive 
results for anti-PLA2R antibodies.

3. Patients and Methods
3.1. Patient selection
 All patients with MN were diagnosed by renal 
biopsy and had greater than 3.5 g/day protein-
uria at the time of  diagnosis. MN was considered 
to be idiopathic (iMN) when no secondary cause 
of  MN was suspected. Lupus MN was diagnosed 
on the basis of  clinical diagnosis and the pres-
ence of  antibodies directed against nuclear an-
tigens (ANA) including double-stranded DNA, 
Smith, Ro (SSA) and La (SSB) antigens. Hepatitis 
B (HBV) and hepatitis C(HCV)-associated MN 
were diagnosed by HBV and HCV serologic tests 
as well as HBV-DNA and HCV-RNA tests. Solid 
tumor-associated MN was ruled out on clinical 
ground. All patients were known cases of  MN 
for a long period.

3.2. Ethical issues
 This project was approved by the ethic comity 
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of  Tabriz University of  Medical Sciences.

3.3. Serum samples
 Serum samples were collected at outpatient 
clinics and remained frozen until the time of  se-
rologic studies. Patients were categorized as ac-
tive iMN when proteinuria was greater than 3.5 
g/day and serum albumin was less than 3.0 g/
dl; in remission when urinary protein was less 

than 1.0 g/day; and in relapse when proteinuria 
increased again to greater than 3.5 g/day after a 
period of  remission. We also examined sera from 
patients with secondary MN and other forms of 
primary glomerular diseases.
3.3.1. Measurement of  anti-PLA2R antibodies
 The detection of  circulating antibodies against 
PLA2R was performed using an indirect im-
munofluorescence test (IFA, EUROIMMUN 

Figure 1. There was no correlation between anti-phospholipase A2 receptor antibody (PLA2R-Ab, florescence reac-
tion of the serum at a dilution of 1:10 or higher) with the degree of proteinuria (mg/day). Pearson correlation analysis 

(p>0.05).

Figure 2. Anti-phospholipase A2 receptor antibody titer (PLA2R-Ab, florescence reaction of the serum at a dilution of 
1:10 or higher) significantly correlated with the serum levels of anti-secreted PLA2 antibody (sPLA2, pictogram/dl), 

Kendall Tau-b analysis (p<0.05).
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AG, Lubeck, Germany) (6). The slide contained 
a mosaic of  two different biochips in one in-
cubation field. The first biochip is coated with 
HEK293 cells (a human embryonic kidney cell 
line) transfected with PLA2R. The second bio-
chip contained non-transfected HEK293 cells as 
substrates. For measuring anti-PLA2R antibodies, 
serum samples were diluted 1/10 in phosphate-
buffered saline containing 0.2% Tween and incu-
bated for 30 min using the recombinant cell-based 
assay. A fluorescein isothiocyanate (FITC)-conju-
gated anti-human IgG antibody from goat (EU-
ROIMMUN AG, Lubeck, Germany) was used 
to detect bound antibodies using an Immuno-
fluorescence (IF) microscope. Two independent 
observers evaluated all immunostains. A specific 
cytoplasmic fluorescence of  transfected cells at a 
dilution of  1:10 or higher was considered as posi-
tive. In those who were positive at 1:10 dilution, 
we continued dilution up to 1:100 and1:1000 and 
reexamined the positivity.

3.4. Measurement of  anti-secreted PLA2 (anti-sPLA2) 
antibodies
 As a complementary observation to our study, 
we also studied serum samples with strong posi-
tive results for anti-PLA2R antibodies for the 
presence of  anti-sPLA2 antibodies using an ELI-
SA kit (sPLA2, USCN Life Science Inc., china).
The micro tubes were precoated with monoclonal 
antibodies directed against sPLA2. Samples were 
added to appropriate micro titer plate wells with 
biotin-conjugated polyclonal antibody prepara-
tion specific for sPLA2. Then Avidin conjugated 
to horseradish peroxidase (HRP) was added to 
each microplate well and incubated. Thereafter, a 
TBM substrate solution was added to each well. 
Only those wells that contain PLA2, Biotin con-
jugated antibody and enzyme-conjugated Avidin 
exhibit a change in color. The enzyme-substrate 

reaction was terminated by adding  sulfuric acid. 
The color change was measured using a spec-
trophotometer at a wavelength of  450+/-10nm. 
The concentration of  sPLA2 antibodies in the 
samples was then determined (pictogram/decili-
ter) by comparing the optical density (OD) with 
the standard curve.

3.5.Statistics analysis
 Statistics analysis was performed using SPSS 
software version 16. For correlation analysis, 
Spearman analysis test was used. The differences 
were considered significant with a P value <0.05.

4. Results
 Sera from 23 patients (12 men and 11 wom-
en; average age 34+/-9.8 years) with iMN were 
examined (table 1). In addition, sera from two 
patients with secondary MN (one secondary to 
SLE and another due to HBV) and five patients 
with nephrotic syndrome due to other forms 
of  primary glomerular diseases were examined 
(table 1). Patients with iMN were on quite same 
treatment at the time of  serum collection and re-
ceived angiotensin converting enzyme inhibitor 
(ACE) and angiotensin receptor blockers (ARB) 
combined with corticosteroids and cyclosporine. 
None of  them received Rituximab.
 Anti-PLA2R antibodies were only found in 
patients with iMN, but not in those with second-
ary MN or in those with nephrotic syndrome 
due to other glomerulopathies (Table 1). Anti-
PLA2R antibodies were detected in74% (17/23) 
of  patients with iMN. The titer of  Anti-PLA2R 
antibodies, however, did not correlate with the 
degree of  proteinuria (Figure 1). Anti-PLA2R 
antibodies were still detectable in a patient who 
was on hemodialysis and in another one who had 
been transplanted two years prior. 
 Patients  with  iMN and high titers of  anti-
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PLA2R antibodies also had high titers of  anti-
sPLA2 antibodies (Figure 2). There was a direct 
correlation between the levels of  anti-PLA2R 
and anti-sPLA2 antibodies (p< 0.05) (Figure 2). 
Furthermore, two patients with undetectableanti-
PLA2R antibodies had low titers ofanti-sPLA2 an-
tibodies. 

5. Discussion
 In this study, we determined the presence of 

anti-PLA2R antibodies, using indirect IF meth-
od, in the serum of  a cohort of  patients with 
iMN from Iran.Anti-PLA2R antibodies were de-
tected in 74% of  patients with iMN. In our study, 
the titer of  circulatinganti-PLA2R antibodies did 
not correlate with the degree of  proteinuria as 
an index of  disease activity. A group of  patients 
who had high titers of  anti-PLA2R antibodies 
also had high titers of  anti-sPLA2 antibodies in 
their serum. There was a strong direct correla-

Table 1. Baseline characteristics of  all patients are given in Table 1 
TreatmentScr

(mg/dl)
U/Pro
(g/d)

 sPLA2
(Pg/ml)

aPLA2-Rdiag/dur
(months)

Age/sexPts

Cyclo/P/ACE/ARB1.6800ndNeg iMN/6355/M1
Cyclo/P/ACE/ARB 1.2700ndNeg iMN/7148/M2

Cyclo/P/ACE/ARB/MMF1.32700248NegiMN/3735/F3
Cyclo/P/ACE/ARB1.71100ndNeg  iMN/2341/M4
Cyclo/P/ACE/ARB2.2300031Neg  iMN/1638/F5
Cyclo/P/ACE/ARB1.23200ndNegiMN/1127/F6

Cyclo/P/ACE/ARB/MMF9.5800nd1/10 iMN/6752/F7. Ƕ
Cyclo/P/ACE/ARB1.4360022001/100iMN/1538/M8
Cyclo/P/ACE/ARB1.04300nd1/200 iMN /1025/M9
Cyclo/P/ACE/ARB2.01900nd1/10 iMN/832/F10.
Cyclo/P/ACE/ARB1.2900nd1/10 iMN/ 1525/F11.
Cyclo/P/ACE/ARB1.31200nd1/10 iMN/ 1427/F12.
Cyclo/P/ACE/ARB2.03900nd1/10iMN / 730/F13.

Cyclo/P/ MMF/ACE2.0770nd1/10 iMN/ 828/M14. Ţ
Cyclo/P/ACE/ARB2.0490025241/800 iMN /1131/M15.
Cyclo/P/ACE/ARB2.0177026601/400iMN /1625/F16.
Cyclo/P/ACE/ARB1.62400nd1/200 iMN/ 1234/M17.
Cyclo/P/ACE/ARB1.7220020001/200 iMN/ 928/M18.
Cyclo/P/ACE/ARB1.0900nd1/10  - iMN/ 1018/M19.
Cyclo/P/ACE/ARB2.2380011001/10iMN/ 5650/F20.
Cyclo/P/ACE/ARB1.5310077001/800iMN/1729/M21.
Cyclo/P/ACE/ARB1.22700108631/1000iMN/1233/M22.
Cyclo/P/ACE/ARB1.4430043811/800iMN/2030/F23.
Cyclo/P/ACE/ARB1.72100ndNegSLE(MN)/2326/F24.

 ACE/ARB2.12800ndNegHBV(MN)/ 1428/M25.
Cyclo/P/ACE/ARB1.14100ndNegFSGS/1622/M26.
Cyclo/P/ACE/ARB1.31100ndNegFSGS/4518/M27.
Cyclo/P/ACE/ARB3.13500ndNegFSGS/3821/F28.
Cyclo/P/ACE/ARB1.85500ndNegMCD/2424/M29.
Cyclo/P/ACE/ARB1.12800ndNegMPGN/3023/M30.
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tion between anti-PLA2R and anti-sPLA2 anti-
bodies. Our results demonstrated the specificity 
of  anti-PLA2R antibodies as a useful marker for 
the diagnosis of  iMN. In addition, the presence 
of  anti-PLA2R antibodies distinguished between 
iMN and secondary MN.
 In the study by Hofstra et al., anti-PLA2R anti-
bodies were assessed by a Western blot immuno-
assay in 54 serum samples from 18 patients with 
iMN, collected in various stages of  their clinical 
disease. A direct correlation was found between 
the level of  anti-PLA2R antibodies and the de-
gree of  proteinuria (4). Beck et al. found that se-
rum levels of  anti-PLA2R antibodies in patients 
with iMN decreased significantly after Rituximab 
therapy in the majority of  responders (9). Data 
presented by Hoxha et al. indicated that a reduc-
tion in the levels of  anti-PLA2R antibodies was 
followed by a decrease in proteinuria in patients 
treated with Rituximab (6). Higher titers of  anti-
PLA2R antibodies in iMN may lead to increased 
subepithelial immune complex formation result-
ing in more severe podocyte injury. Based on 
these observations, anti-PLA2R antibody titers 
may serve as a useful tool in monitoring the dis-
ease activity in iMN. Moreover, they might assist 
in selecting patients with more active disease that 
could benefit from immunosuppression and in 
excluding those with less active disease (4, 6).
 In our study, 17/23 (74%) patients with iMN 
had detectable anti-PLA2R antibodies. However, 
there was no correlation between the degree of 
proteinuria and anti-PLA2R antibody titers. This 
could be due to the small number of  patients en-
rolled in the study. We also speculate that the high 
degree of  proteinuria in some patients could have 
been secondary to structural glomerular damage 
rather than immunological activity of  the disease.
 Approximately one third of  patients with iMN 
with nephrotic syndrome may develop spontane-

ous remission (SR)(10). Positive predictors of  SR 
were age at presentation less than 50 years, female 
sex, baseline proteinuria less than 8 g/24 hand a 
decline in proteinuria greater than 50% during 
the first year of  follow-up (10). In our study, none 
of  patients received Rituximab and probably five 
patients(M/F 3/2) who were in remission during 
the sample collection probably were in their SR. 
Anti-PLA2R antibodies were undetectable in six 
patients with iMN: three patients had mild pro-
teinuria and were probably in remission, while the 
other three had significant proteinuria. We should 
take into consideration that proteinuria does not 
necessarily imply immunological activity as it may 
reflect irreversible structural changes in the glom-
eruli or interstitium that can persist even after im-
munological remission and disappearance of  an-
ti-PLA2R antibodies (11). Alternatively, patients 
with negative results for anti-PLA2R antibodies 
might have been misclassified as iMN and actual-
ly they might have had secondary MN(4,11). The 
absence of  circulating anti-PLA2R antibodies at 
the time of  measurement does not exclude a role 
for anti-PLA2R antibodies in the pathogenesis of 
iMN, since rapid clearance from circulation and 
deposition of  antibodies in glomeruli may occur 
(12,13). Therefore, measurement of  both circu-
lating and tissue levels ofanti-PLA2R antibodies 
might be necessary (12,13).
 Despite recent developments, the triggers of 
anti-PLA2R antibody production and mecha-
nisms of  its action remain unknown. In Hey-
mann nephritis, subepithelial immune complex 
formation results in complement activation and 
formation of  membrane attack complex (C5b-9)
(14, 15). Complement activation causes podo-
cyte injury through activation of  cytoplasmic 
PLA2 (cPLA2) and actin cytoskeleton collapse 
(14, 15). In humans, anti-PLA2R antibodies are 
mainly IgG4 that weakly activates the comple-
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ment system (3,16). Whether IgG4 and PLA2R 
interaction in humans is similar to complement-
mediated podocyte injury in Heymann nephritis 
remains to be seen. The antibody response in 
iMN may be directed against a “risk” PLA2-R 
epitope on podocytes in genetically susceptible 
individuals (13, 17). Inflammatory cytokines such 
as IL-6, TNF-α, and IL-1ß stimulate synthesis 
and release of  sPLA2 from different cells (18).
In mammals, sPLA2 binding to PLA2R induce 
pro-inflammatory signaling. In humans, PLA2R 
is expressed not only on podocytes but also in 
the lungs, pancreas, placenta, and skeletal muscle 
cells (18,19). It is postulated that inflammatory 
cytokine-induced sPLA2 production could be a 
trigger for anti-PLA2R antibodies production 
(19). Alternatively, IgG4 anti-PLA2R antibodies 
could compete with sPLA2 for receptor binding 
(19). 

6. Conclusions
 That is the first report from Iran confirming 
that anti-PLA2R antibodies are specific for iMN 
as it has been shown in other studies. While we 
only measured anti-PLA2R antibodies at one 
time point, we cannot conclude that there is no 
correlation between antibody level and degree of 
proteinuria in our iMN patients. Measurement 
of  anti-PLA2R antibodies activity in a selected 
group of  patients with high serum levels of  anti-
sPLA2 antibodies was just a preliminary study. 
Because of  the small number of  patients in sub-
groups, a conclusion could not be reached. How-
ever, it provides a basis for in-depth studies in the 
future to examine whether there is a connection 
between anti-sPLA2 andanti-PLA2Rantibodies.
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