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Introduction

Idiopathic membranous nephropathy (IMN) is a common 
cause of nephrotic syndrome in adults and has been identified 
as an autoimmune-mediated disease [1]. A number of studies 
have shown that 52–82 % of IMN sera have autoantibodies 
directed toward the M-type phospholipase A2 receptor [2, 
3], a 180-kDa protein that is expressed by alveolar epithe-
lial cells and neutrophils but is mainly restricted to podo-
cytes within the kidney. The presence of antibodies against 
the M-type phospholipase A2 receptor (PLA2RAb) is con-
sidered to be a promising serological diagnostic biomarker 
of idiopathic membranous nephropathy (IMN). Anti-PLA2R 
autoantibody is detected mainly by Western blot (WB), indi-
rect immunofluorescence (IIF), enzyme-linked immunosorb-
ent assay (ELISA) and so on. In the initial publication, Beck 
et al. [1] used a Western blot after non-reducing SDS–PAGE. 
Despite unconfirmed descriptions about an improved variant 
of the method with a sensitivity of >90 % [4], it is difficult 
to use WB outside of an expert laboratory, and the method is 
not suited for the evaluation of large sample numbers. These 
limitations led to the development of a recombinant cell-
based indirect immunofluorescence assay (RC-IFA) that uses 
the human cell line HEK293 over-expressing the full-length 
human PLA2R1 as substrate [5]. The assay can be used both 
as a diagnostic tool and for the approximation of antibody 
concentrations during monitoring of patients. More recently, 
an ELISA protocol was published that uses a recombinantly 
produced extracellular domain of PLA2R1 to form the solid 
phase [6]. The anti-PLA2R in serum samples from IMN 
were primarily IgG4 subclass [7].

Abstract 
Objective  The presence of antibodies against the M-type 
phospholipase A2 receptor (PLA2RAb) is considered to be 
a promising serological diagnostic biomarker of idiopathic 
membranous nephropathy (IMN). We compare the change 
in serum Cystain C (CysC), urea, creatinine (CREA), 
uric acid (UA), total protein (TP), albumin (ALB), IgG4 
and 24-h urinary protein (proteinuria, PRO) between 
PLA2RAb+ and PLA2RAb− of IMN patients.
Materials and methods  The serum and urine samples 
were collected from 120 patients with IMN. The pres-
ence of circulating PLA2RAb was determined by indirect 
immunofluorescence, and their titer was quantified by 
ELISA. CysC, urea, CREA, UA, TP, ALB and 24-h PRO 
were examined by automatic biochemical analyzer.
Results  Serum IgG4 level was determined by spe-
cific protein analyzer. PLA2RAb-positive percentage 
by ELISA was higher than that by IIF, but no significant 
difference was found by McNemar’s Chi-square test. 
Serum IgG4 level and 24-h PRO level were significantly 
higher in PLA2RAb+ than in PLA2RAb− (P  <  0.05). 
In PLA2RAb+ group, PLA2RAb is positively related to 
serum IgG4 and 24-h PRO and negatively related to serum 
TP and ALB (P < 0.01).
Conclusion  This is the first study to show that combined 
detection of IgG4 concentration and PLA2RAb was usable 
for IMN patients.
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More and more studies showed that PLA2RAb 
could play an important role in IMN. However, contro-
versy remains about the diagnostic accuracy of serum 
PLA2RAb testing. So we would test PLA2RA by IIF and 
ELISA and then analyze their sensitivity. Renal function-
related index could be abnormal in IMN patients. How-
ever, there were no associated reports on whether renal 
function index was the difference between PLA2RAb+ 
and PLA2RAb− in patients with IMN. No study about 
the serum IgG4 concentration has been described between 
PLA2RAb+ and PLA2RAb− in patients with IMN. 
Therefore, we compare biomarkers, such as serum Cys-
tain C (CysC), urea, creatinine (CREA), uric acid (UA), 
total protein (TP), albumin (ALB), IgG4 and 24-h urinary 
protein (proteinuria, PRO), between PLA2RAb+ and 
PLA2RAb− of IMN patients, in order to seek the associa-
tion with PLA2RAb level and biomarkers, which would 
try to find a potential way to elucidate the functional 
mechanism of PLA2RAb.

Materials and methods

Patients and samples

Inclusion criteria for participating in this clinical study 
were histologic diagnosis of idiopathic MN and no immu-
nosuppressive therapy prior to inclusion in the study. 
Secondary MN led to the exclusion of patients from the 
study. Patients were screened by serological tests for sys-
temic lupus erythematosus, hepatitis, a detailed medical 
history and a screening for malignancies depending on 
the age of and risk factors for the patient. Patient serum 
samples were collected from the Affiliated Hospital of 
Jiujiang University. Following are clinical and socio-
demographic characteristics of the study population: 135 
cases approached, 8 cases refused participation and 7 
cases were excluded because of immunosuppressive ther-
apy. The study included sera from 120 IMN patients, and 
the majority of patients in our study cohort have nephrotic 
range proteinuria and are without immunosuppressive 
treatment, constituted the IMN study population (mean 
age 45 ±  11  years, 45 females and 75 males). Table  1 
shows clinical and socio-demographic characteristics 
of the study for PLA2RAb. Blood from an antecubital 
vein was taken into a serum tube and serum was sepa-
rated within 2 h for PLA2RAb, CysC, urea, CREA, UA, 
TP, ALB and IgG4 level test, and at the same time, 24-h 
urinary protein was collected for examination. The study 
was approved by our hospital ethics committee. Patients’ 
informed consent for the usage of sera was obtained prior 
to sample collection.

Detection of PLA2RAb by IFA Mosaic

The detection of circulating PLA2RAb was performed 
using an IFA Mosaic (Euroimmun, Germany). The presence 
of PLA2RAb was detected by conventional indirect IIF on 
5-μm ‘biochip’ sections of a composite substrate containing 
human embryonic kidney (HEK)293 cells, which were tran-
siently transfected with full-length complementary DNA 
encoding a PLA2R1, and non-transfected HEK293cells, 
using revealing reagent an anti-total human IgG–fluorescein 
isothiocyanate conjugate (Euroimmun, Germany), as pre-
viously described [5]. Briefly, serum samples were diluted 
from a dilution 1:10 in PBS–Tween. Thirty microliters of 
diluted serum was applied to each reaction field and incu-
bated 30  min at room temperature (18–25  °C). The slides 
were rinsed with a flush of PBS–Tween using a beaker and 
immediately immersed in a cuvette containing PBS–Tween 
for at least 5 min. Then, 25 μL of fluorescein-labeled anti-
human globulin was applied to each reaction field incubat-
ing for 30 min. After washing as above, they were placed 
onto a cover glass. Slides were observed using a fluores-
cence microscope (Olympus BX-51). The optimum cutoff 
titer was set at 1:10. The positivity should be judged by 
multiple researchers in blind manners, and the rate of repro-
ducibility is above 95 %.

ELISA for PLA2RAb

ELISA (Euroimmun, Germany) for the detection of IgG-
specific isotypes of PLA2RAb. The assay was performed 
according to the instruction. Calibrators (2, 20, 100, 500 
and 1500  RU/mL), positive and negative controls, and 
diluted 1:100 patient sera were transferred into the individ-
ual microplate well, respectively; all samples were meas-
ured in duplicate, and then incubated for 30 min followed 

Table 1   Clinical and socio-demographic characteristics of the study

Group Total Number of patients 
for PLA2RAb

Number of patients 135 120

Age 44 ± 13 45 ± 11

Male 80 75

Female 55 45

Hypertension 54 (40 %) 45 (37.5 %)

Diabetes mellitus 20 (15 %) 15 (12.5 %)

TC (mmol/L) 4.5 ± 1.3 4.6 ± 1.2

Immunosuppressive 
treatment

7 0

Refused participant 8 0

Disease duration 3.1 ± 2.2 3.2 ± 2.4
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by washing three times with washing buffer. Bound anti-
bodies were detected by incubating with anti-human-IgG–
HRP conjugate (Euroimmun, Germany), diluting 1:1000 in 
sample buffer for 30 min, subsequent washing as described 
above and adding TMB substrate (Euroimmun) for 15 min. 
All incubation steps were carried out at room temperature. 
The optical density (OD) was read at 450 nm within 30 min 
after adding the stop solution using an automated spectro-
photometer (Kehua, Shanghai, China). Optimum cutoff 
value for diagnostic use was set at 15 relative units (RU/
mL).

Methods for biomarkers determination

The levels of serum CysC, urea, CREA, UA, TP, ALB, 
24-h PRO were quantified using automatic biochemi-
cal analyzer (AU5800, Beckman). Serum IgG4 level was 
determined by specific protein analyzer (IMMGE800, 
Beckman).

Statistical analysis

Statistical analysis of the results was carried out by using 
McNemar’s Chi-square test, independent t test and Pear-
son’s correlation analysis with SPSS17.0 software. P val-
ues < 0.05 were considered significant.

Results

Examination of PLA2RAb

PLA2RAb pattern by immunofluorescence

Circulating PLA2R antibodies were detected by using 
an IFA Mosaic. The figure shows a biochip coated with 
HEK293 cells expressing the PLA2R protein on the sur-
face. A specific cytoplasmic fluorescence of the transfected 
cells can be seen at a dilution of 1:10 (A). No cytoplasmic 

specific fluorescence can be detected at non-transfected 
HEK293 cells (B) (Fig. 1).

Determination of PLA2RAb

Among 120 IMN patients’ sera, 89 PLA2RAb+ and 34 
PLA2RAb− were tested by ELISA and 87 PLA2RAb+ and 
36 PLA2RAb− were tested by IIF. The diagnosis sensitivity 
of PLA2RAb was 71.67 % (86/120) by ELISA and 70.0 % 
(84/120) by IIF, respectively. PLA2RAb-positive percentage 
by ELISA was higher than that by IIF, but no significant dif-
ference was found by McNemar’s Chi-square test (Table 2).

Comparison of biomarkers between two groups

No significant difference was found in the concentrations 
of CysC, urea, CREA, UA, TP, ALB (P  >  0.05) between 
PLA2RAb+ and PLA2RAb−. But serum IgG4 level and 
24-h PRO level were significantly higher in PLA2RAb+ 
than in PLA2RAb− (P < 0.05) (Table 3).

Correlation analysis

In PLA2RAb+ group, there were no significant correlation 
between PLA2RAb level and the concentrations of CysC, 
urea, CREA, UA, TP, ALB (P > 0.05); PLA2RAb is posi-
tively related to serum IgG4 and 24-h PRO and negatively 
related to TP and ALB (P < 0.01) (Table 4).

Fig. 1   Detection of circulating 
PLA2RAb antibodies using an 
IFA Mosaic

Table 2   PLA2RAb statistical analysis

P < 0.05 was considered significant

PLA2RA (ELISA) PLA2RA 
(IIF)

Sum McNemar’s Chi-square 
test (P value)

+ −

+ 81 5 86 0.727

− 3 31 34

Sum 84 36 120
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Discussion

Most cases of primary membranous nephropathy (MN), a 
relatively common cause of nephrotic syndrome in adults, 
were considered idiopathic. We now recognize that MN is 
an organ-specific autoimmune disease, in which circulat-
ing autoantibodies bind to an intrinsic antigen on glomer-
ular podocytes and form deposits of immune complexes in 
situ in the glomerular capillary walls [8]. Recent studies 
showed that membranous nephropathy (MN) is the lead-
ing cause of nephrotic syndrome in adults. PLA2RAb is 
found in most patients with IMN worldwide, which facili-
tate a better understanding of IMN pathogenesis and may 
provide a new tool to its diagnosis, differential diagnosis, 
risk evaluation, response monitoring and patient-specific 
treatment [9]. Positive rate of anti-phospholipase A2 
receptor antibodies varies according to various geographic 
and ethnic groups [10, 11]. Detection of PLA2RAb can be 
used in serological diagnosis of idiopathic membranous 

nephropathy (IMN), but there are limited data about the 
sensitivity and specificity of its diagnostic values [12]. 
PLA2RAb has been identified as one of the target anti-
gens of the autoimmune response in IMN. The prevalence 
of anti-PLA2R antibodies in patients with IMN is around 
70  %, but this varies in accordance with geographic 
region, and until present, anti-PLA2R has not been shown 
to be associated with any particular clinical profile of the 
disease. PLA2RAb were found in Japanese patients with 
IMN. The recent identification of circulating autoan-
tibodies directed toward the PLA2R has been a major 
advancement in the serological diagnosis of idiopathic 
membranous nephropathy (IMN) [13]. Patients with high 
PLA2RAb levels achieved remission of proteinuria signif-
icantly later than patients with low PLA2R antibody lev-
els. PLA2R antibody levels fell over time in patients with 
spontaneous remission but remained elevated in patients 
who did not show a reduction in proteinuria [14, 15]. Our 
data confirmed that a decrease in PLA2R antibody level is 
associated with a decrease in proteinuria in patients with 
primary MN.

In the present study, firstly, we investigated the corre-
lation and agreement between two different immunoas-
says for the detection of anti-PLA2R antibodies in IMN 
patients. This is the first report that it had good sensitivity 
between ELISA and IFA for the detection of anti-PLA2R 
antibodies. The diagnosis sensitivity of PLA2RAb was 
71.67 % (86/120) by ELISA and 70.0 % (84/120) by IIF, 
respectively. PLA2RAb-positive percentage by ELISA 
was higher than that by IIF, but no significant differ-
ence was found by McNemar’s Chi-square test. Addi-
tionally, IIF is semiquantitative, and quantitative ELISA 
would have an advantage because they provide a more 
accurate reflection of changes in the antibody titers. Sec-
ondly, we found no significant difference in the concen-
trations of CysC, urea, CREA, UA, TP, ALB (P > 0.05) 
between PLA2RAb+ and PLA2RAb−. But serum IgG4 
level and 24-h PRO level were significantly higher in 
PLA2RAb+ than in PLA2RAb− (P < 0.05). Thirdly, in 
PLA2RAb+ group, there was no significant correlation 
between PLA2RAb level and the concentrations of CysC, 
urea, CREA, UA, TP, ALB (P  >  0.05), and PLA2RAb 
is positively related to serum IgG4 and 24-h PRO and 
negatively related to TP and ALB, which suggested that 
PLA2RAb is strongly associated with serum IgG4 and 
24-h PRO.

To sum up, we confirmed that PLA2RAb was sig-
nificantly associated with 24-h PRO and indicated that 
serum PLA2RAb concentration was related to serum 
IgG4 level. Combined detection of PLA2RAb, serum 
IgG4 and 24-h PRO would improve diagnosis accuracy 
of IMN.

Table 3   Comparison of biomarkers between PLA2RAb+ and 
PLA2RAb− by independent t test

* P < 0.05 was considered significant

Group PLA2RAb+ 
(n = 86)

PLA2RAb− 
(n = 34)

P value

CysC (mg/L) 1.30 ± 0.50 1.23 ± 0.40 0.456

Urea (mmol/L) 5.29 ± 1.34 5.57 ± 1.44 0.333

CREA (μmol/L) 95.9 ± 24.0 99.8 ± 26.9 0.440

UA (μmol/L) 362 ± 140 361 ± 141 0.974

TP (g/L) 51.3 ± 9.53 54.2 ± 10.5 0.151

ALB (g/L) 26.9 ± 6.83 29.4 ± 7.14 0.064

IgG4 (g/L) 0.41 ± 0.16 0.30 ± 0.12 0.000*

PRO (g/L) 5.77 ± 1.45 4.81 ± 1.02 0.001*

Table 4   Correlation analysis between PLA2RAb and other biologi-
cal markers in PLA2RAb group

CO Correlation coefficient

Comparison of PLA2RAb; ** P < 0.01 was considered significant

Group Mean ± SD CO P value

PLA2RAb (RU/mL) 422 ± 425

CysC (mg/L) 1.30 ± 0.50 −0.158 0.147

Urea (mmol/L) 5.29 ± 1.34 −0.068 0.533

CREA (μmol/L) 95.9 ± 24.0 −0.100 0.359

UA (μmol/L) 362 ± 140 0.060 0.586

TP (g/L) 51.3 ± 9.53 −0.544 0.000**

ALB (g/L) 26.9 ± 6.83 −0.522 0.000**

IgG4 (g/L) 0.41 ± 0.16 0.683 0.000**

PRO (g/L) 5.77 ± 1.45 0.769 0.000**
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