-

2 KJIM

The optimal anti-phospholipase A2 receptor
cutoff for the diagnosis of idiopathic membranous
nephropathy: a single-center retrospective study

Chaofan Li', Ping Li**, Wenkai Guo?, Lei Chen*, Jiatong Li°, Rong Wang"? and Bing Chen'

ORIGINAL ARTICLE

Korean J Intern Med 2022;37:154-166
https://doi.org/10.3904/kjim.2020.366

'Department of Nephrology, Shandong Provincial Hospital, Cheeloo College of Medicine, Shandong University, Jinan; Department of
Nephrology, Shandong Provincial Hospital Affiliated to Shandong First Medical University, Jinan; >Department of Nephropathy Rheumatology,
Affiliated Hospital of Shandong Medical College, Linyi; 4Department of Internal Medicine, Jinan Shizhong People’s Hospital, Jinan; >Department
of Geriatrics, Shandong Provincial Hospital Affiliated to Shandong First Medical University, Jinan, China

The optimal anti-phospholipase A2 receptor cutoff for the diagnosis of
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The recommended cutoff value of anti-PLA2R is 7.45 RU/mL using ELISA detection for
distinguishing IMN from non-IMN nephropathy.
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Background/Aims: Anti-phospholipase A2 receptor (PLA2R) autoantibody is the main biomarker of idiopathic membra-
nous nephropathy (IMN). We aimed to find a new cutoff value of anti-PLA2R for patients with IMN and to explore the rele-
vance between this antibody and baseline clinical parameters.

Methods: A total of 670 subjects including 374 IMN cases and 296 non-IMN controls were included between January 2017
and January 2020. All clinical parameters were collected at the time of renal biopsy. The levels of anti-PLA2R were detected
by a commercial enzyme-linked immunosorbent assay (ELISA) kit. The optimal cutoff value was calculated by a receiver oper-
ating characteristic curve and compared in diagnostic efficiency.

Results: The optimal cutoff value of anti-PLAZ2R for IMN was 7.45 RU/mL with the highest Youden index, and the corre-
sponding sensitivity, specificity, positive predictive value and negative predictive value were 80.75%, 97.97%, 98.05% and
80.11%, respectively. Anti-PLA2R levels in IMN patients demonstrated a significant positive correlation with serum creatinine
and 24-hour urinary protein, while they showed a negative correlation with serum albumin and estimated glomerular filtra-
tion rate.

Conclusions: The recommended cutoff value of anti-PLA2R is 7.45 RU/mL using ELISA detection for distinguishing IMN
from non-IMN nephropathy. The level of anti-PLA2R is related to baseline renal function in IMN. This new threshold can im-
prove the diagnostic efficiency and facilitate early diagnosis of IMN.

Keywords: Membranous glomerulonephritis; Phospholipase A2 receptors; Enzyme-linked immunosorbent assay; Receiver

operating characteristic curve; Cutoff value

INTRODUCTION

Membranous nephropathy (MN) is a primary cause of ne-
phrotic syndrome in adults [1]. The underlying causes, such
as systemic autoimmune diseases, chronic hepatitis B, non-
steroidal anti-inflammatory drugs, mercury intoxication and
malignant tumors, can be found in approximately 25% of
MN patients diagnosed with secondary membranous ne-
phropathy (SMN) [2]. The other cases without primary caus-
es are diagnosed with idiopathic membranous nephropathy
(IMN). This kidney-specific autoimmune disease has been
confirmed, and the deposition of subepithelial immune
complexes in glomeruli activates complement to destroy
the filtration barrier, ultimately resulting in proteinuria [3].
Without medical intervention, 1/3 of patients can achieve
spontaneous remission, 1/3 of patients will suffer persistent
proteinuria, and the remaining 1/3 will progress to end-
stage renal disease [4].

Histopathological examination of renal specimens is the
golden standard for the diagnosis of IMN. However, renal
biopsy is an invasive approach accompanied by potential
complications such as bleeding, arteriovenous fistula, peri-
renal infection and even death [5]. Moreover, it is unsuitable
for patients with uncontrolled hypertension, bleeding ten-
dency, active renal infections or uncooperative mental state
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[6]. Nonetheless, distinguishing SMN from IMN is import-
ant because the treatment of SMN must target the primary
disease, while certain treatments for IMN have toxic effects
on the kidney or other organs. Therefore, readily available
biomarkers based on pathogenesis are urgently needed to
make a safer diagnosis of IMN.

In 2009, Beck et al. [7] found the main target antigen of
IMN, a 185 kDa type | transmembrane glycoprotein called
M-type phospholipase A2 receptor (PLA2R), in podocytes
and glomerular immunoprecipitates. The positive rate of
the autoantibody against PLA2R was 70% to 80% among
IMN patients in their study [7]. Since then, basic and clinical
studies on this target have been rapidly carried out. In earlier
studies, Western blot and immunofluorescence techniques
were widely used to detect serum anti-PLA2R. However,
they are not suitable for clinical testing due to their semi-
quantitative properties and time-consuming procedures [8].
Recently, a new technique called addressable laser bead
immunoassay has received attention for its high-through-
put quantitative analysis of multiple indexes [9]. However,
it is still a research-based assay without commercial devel-
opment. In contrast, enzyme-linked immunosorbent assay
(ELISA) kits have accomplished commercialization to provide
quantitative results for a large population through easier
and faster procedures. Thus, ELISA is now widely used in
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clinical laboratories to identify anti-PLAZ2R values higher than
20 RU/mL as positive. Considering room for improvement in
diagnostic value, researchers have been exploring whether a
lower cutoff value can be available. It has been proved that
both the diagnostic efficiency and consistency with other
immunoassay methods could be improved when the ELISA
was applied at a lower cutoff value [9]. However, previous
studies either investigated only values written in the instruc-
tions (2 and 14 RU/mL) or included small sample sizes.

Therefore, we aimed to set a new cutoff value of an-
ti-PLA2R in a large-sample study by commercial ELISA and
analyze the correlation between anti-PLA2R levels and clini-
cal parameters related to renal function, such as serum cre-
atinine, serum albumin, 24-hour urinary protein and esti-
mated glomerular filtration rate.

METHODS

This study carried out in accordance with the Helsinki Dec-
laration and the study protocol was approved by the Ethics
Review Committee of Shandong Provincial Hospital in China
(LCYJ: No. 2019-105). Because of the retrospective nature
of the study, patient consent for inclusion was waived.

Study population

We enrolled 670 hospitalized patients who had accepted
kidney biopsy from January 2017 to January 2020 in Shan-
dong Provincial Hospital (Jinan, Shandong, China) and
collected all the clinical records retrospectively from the
inpatient information system. Each patient had one of the
following biopsy indications: (1) glomerular hematuria with
an elevated Scr level or proteinuria; (2) proteinuria > 1 g/
day with no clear comorbidity; (3) rapid elevation in pro-
teinuria; (4) Scr did not return to baseline with 14 days of
onset despite removal of culprit in acute kidney injury; (5) a
rapid increase in Scr or new-onset hematuria or proteinuria
in chronic kidney disease [10].

As shown in Fig. 1, these subjects were divided into the
IMN group and non-IMN group according to the crite-
ria recommended by the 2012 Kidney Disease: Improving
Global Outcomes (KDIGO) guideline for glomerulonephri-
tis [2]. Each patient had accepted medical history surveys,
physical exam, thorough laboratory and imaging tests to
seek evidences of primary diseases involving autoimmune
diseases (such as systemic lupus erythematosus and auto-
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immune thyroid disease), infections (such as hepatitis virus
and human immunodeficiency virus), drugs/toxins (such as
penicillamine, cyclooxygenase-2 inhibitors, gold and mercu-
ry compounds) and malignancies. The diagnosis of IMN was
mainly made on the kidney biopsy which featured capillary
wall thickening, granular immunoglobulin G (IgG) and C3
along capillary walls on immunofluorescence, and subepi-
thelial deposits on electron microscopy. The exclusion crite-
ria of IMN were as follows: (1) having suspected medication
history, (2) being positive for tumor markers or having un-
determined imaging or gastrointestinal endoscopy evidence
of the tumor, (3) antinuclear antibodies were no less than
1:320, (4) with dense deposits in the subendothelial or me-
sangial areas on electron microscopy. All possible primary
etiologies had been excluded before the diagnosis of IMN
was made. None of the patients had received immunosup-
pressive therapy before receiving kidney biopsy in the study.
The non-IMN group was composed of 106 patients with
IgA nephropathy (IgAN), 32 patients with primary minimal
change disease (MCD), 22 patients with primary focal and
segmental glomerulosclerosis (FSGS), 35 patients with dia-
betic nephropathy (DN), 41 patients with lupus nephritis (LN)
(including 25 patients with MN), 12 patients with hepatitis
B virus-associated glomerulonephritis (HBV-GN) (including
seven patients with MN) and other nephropathy patients.
The other nephropathy patients in the non-IMN group in-
cluded 19 patients with hypertensive renal damage, nine
patients with interstitial nephritis, five patients with plasma-
cytoma-associated nephropathy, four patients with primary
renal amyloidosis, four patients with purpura nephritis, two
patients with membranoproliferative glomerulonephritis,
one patient with endocapillary proliferative glomerulone-
phritis, one patient with C3 glomerulonephritis, two pa-
tients with acute tubular necrosis, and one patient with mild
glomerular ischemia with chronic interstitial fibrosis.

General clinical parameters

The clinical data of all subjects came from the first sampling
before immunosuppressive therapy. General information in-
cluded age and sex. Laboratory parameters of blood analysis
included white blood cell (WBC), hemoglobin, platelet, total
protein, albumin, globulin, blood urea nitrogen (BUN), se-
rum creatinine, estimated glomerular filtration rate (eGFR),
serum cystatin C (CysC), cholesterol, high density lipopro-
tein cholesterol, low density lipoprotein cholesterol, and an-
ti-PLA2R antibodies. Values of eGFR were calculated by the
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Figure 1. The process of patients screening and classification. IMN, idiopathic membranous nephropathy; SMN, secondary membranous
nephropathy; IgAN, IgA nephropathy; FSGS, focal and segmental glomerulosclerosis; MCD, minimal change disease; DN, diabetic ne-
phropathy; LN, lupus nephritis; HBV-GN, HBV-associated glomerulonephritis; ANA, antinuclear antibodies; SSA, Sjogren’s syndrome-A;
SSB, Sjogren’s syndrome-B; ANCA, antineutrophil cytoplasmic antibodies; MPO, myeloperoxidase; APL, antiphospholipid antibodies; GBM,
glomerular basement membrane; TPO, thyroid peroxidase; TG, thyroglobulin; TR, thyrotropin receptor; CEA, carcinoembryonic antigen;
AFP, alpha-fetoprotein; CA, carbohydrate antigen; PSA, prostate specific antigen; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e
antigen; anti-HBc, anti-hepatitis B core antibodies; HCV, hepatitis virus C; HIV, human immunodeficiency virus; SM, Smith; CT, computed
tomography.

Chronic Kidney Disease Epidemiology Collaboration creati-
nine equation [11]. The laboratory parameters of urinalysis
included urinary red blood cell and 24-hour urinary protein.
All patients received ultrasound-guided percutaneous renal
puncture to obtain renal tissues. Experienced pathologists
from Qilu Clinical Laboratory (Jinan) read tissue slices on the
double-blind principle to offer a pathological diagnosis. If
the final report showed two pathological stages, the higher
stage was analyzed in this study.
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Anti-PLA2R detection

In this study, an anti-PLA2R ELISA (IgG) kit (EUROIMMUN
AG, Libeck, Germany) was used to detect serum an-
ti-PLA2R IgG antibodies in subjects. The specific steps were
as follows: (1) the anti-PLA2R IgG kit was placed for 30
minutes at room temperature; (2) the serum sample was
diluted 1:101 with sample buffer; (3) 100 yL of diluted se-
rum sample, prediluted controls and calibrators were added
to the antigen-coated microtiter wells and incubated for 30
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minutes at room temperature; (4) the microtiter wells were
washed with wash buffer three times and then dried with
absorbent paper; (5) 100 pL of anti-human IgG enzyme con-
jugate reagent was added to the microtiter wells and incu-
bated for 30 minutes at room temperature; (6) the fourth
step was repeated; (7) 100 pL of the chromogen substrate
was added to the microtiter wells and then incubated in the
dark for 15 minutes at room temperature; (8) 100 pL of stop
solution was added to the microtiter wells; (9) the microti-
ter plates were placed in an automatic ELISA reader at 450
nm to obtain optical density values, and then quantitative
values were calculated in relative units per milliliter (RU/mL).
The EUROIMMUN manufacturer suggests reporting results
lower than 14 RU/mL as negative, those between 14 RU/mL
and 20 RU/mL as borderline and those no less than 20 RU/
mL as positive. The assay range of this ELISA kit is 2 to 1,500
RU/mL. In this study, anti-PLA2R values lower than 20 RU/
mL were defined as negative. According to the titer tertiles
of positive anti-PLA2R data in the IMN group, anti-PLA2R
values were considered low titer at < 78.5 RU/mL, middle
titer between 78.5 RU/mL and 193.5 RU/mL and high titer
at > 193.5 RU/mL.

Statistical analysis

SPSS Statistics version 24.0 (IBM Inc., Chicago, IL, USA) soft-
ware was used to analyze all the data. Normally distributed
data were described as the means + SD and compared by
independent t tests or one-way analysis of variance. Non-
normally distributed data were described as the median (in-
terquartile range [IQR]) and compared by the Mann-Whit-
ney test or Kruskal-Wallis test. Categorical variables were
described as percentages, and Pearson chi-square tests
were performed. Correlations between anti-PLA2R and
other parameters were analyzed by the Spearman test. The
sensitivity, specificity, positive predictive value (PPV), nega-
tive predictive value and Youden index of anti-PLA2R were
all calculated at different cutoff values. The optimal cutoff
value was determined by a receiver operating characteristic
(ROC) curve. A two-sided p < 0.05 was considered statisti-
cally significant.

RESULTS

General baseline parameters
In this study, the clinical data of 670 patients were collected
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and analyzed retrospectively, including 374 (55.82%) pa-
tients in the IMN group and 296 (44.18%) patients in the
non-IMN group. The average age (48 years vs. 40 years),
24-hour urinary protein (4.51 g/day vs. 2.25 g/day), eGFR
(109 mL/min/1.73 m? vs. 88 mL/min/1.73 m?), cholesterol
(297.8 mg/dL vs. 223.1 mg/dL) and low density lipoprotein
cholesterol (181.9 mg/dL vs. 140.6 mg/dL) in the IMN group
were higher than those in the non-IMN group, while the
levels of albumin (25.3 g/L vs. 36.0 g/L), BUN (13.2 mg/dL vs.
17.6 mg/dL), serum creatinine (0.71 mg/dL vs. 1.00 mg/dL)
and CysC (0.87 mg/L vs 1.24 mg/L) were lower than those in
the non-IMN group. The differences were statistically signif-
icant (p < 0.001). There were no statistically significant dif-
ferences in the sex ratio or WBC between the two groups.
Detailed information on comparison is presented in Table 1.

The median level of anti-PLA2R was 66.23 RU/mL in the
IMN group, which was higher than that in the non-IMN
group (< 2 RU/mL), and the difference was statistically sig-
nificant (p < 0.001). In the non-IMN group, the anti-PLA2R
levels of 76.7% of patients were lower than 2 RU/mL. As
shown in Fig. 2, the non-IMN group was further divided into
subgroups of IgAN, MCD, FSGS, DN, LN, HBV-GN and oth-
er nephropathies to explore the distribution of anti-PLA2R.
And the level of anti-PLA2R in the IMN group was also
significantly higher than those in all the seven subgroups
(their medians were all < 2 RU/mL). The differences were
statistically significant (p < 0.001). The overall positive rate
of anti-PLA2R in the non-IMN group was 1.01%. The an-
ti-PLA2R-positive proportions in FSGS, LN and HBV-GN were
4.55%, 2.44%, and 8.33%, respectively, compared with
zero in IgAN, MCD, DN and other nephropathies.

There were 32 SMN patients in the non-IMN group, 25
secondary to lupus and seven secondary to hepatitis B. In
SMN, the median level of anti-PLA2R was less than 2 RU/
mL, and the positive rate of anti-PLA2R was only 6.25%.
In Supplementary Table 1, we present detailed baseline pa-
rameters of the new non-IMN subgroups, where the SMN is
presented as a separate analysis.

Comparisons of baseline characteristics
among subgroups in the IMN group

In this clinical study, 374 patients with IMN were divided
into the anti-PLA2R negative group (n = 118, 31.6%) and
anti-PLA2R-positive group (n = 256, 68.4%) according to
serum anti-PLA2R levels. The median level of anti-PLA2R in
the negative group was 4.00 RU/mL (IQR, 2.12 to 12.36),
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General parameter IMN (n = 374) Non-IMN (h = 296) p value
Male sex 216 (57.8) 167 (56.4) 0.729
Age, yr 48 (36-55)° 40 (31-51) <0.001
WBC, 10%/L 6.00 (5.03-7.30) 6.20 (5.09-7.57) 0.546
Hemoglobin, g/L 140 (126-151) 133 (116-152) 0.005
Platelet, 10%/L 265 (226-305)° 247 (206-297) <0.001
Total protein, g/L 49.2 (43.1-56.0)° 64.1 (51.7-70.8) < 0.001
Albumin, g/L 25.3(21.4-29.8)° 36.0 (24.7-41.1) <0.001
Globulin, g/L 23.87 + 4.29° 28.19 + 4.66 < 0.001
BUN, mg/dL 13.2 (10.6—16.5)b 17.6 (12.9-23.7) < 0.001
Serum creatinine, mg/dL 0.71 (0.59-0.84)" 1.00 (0.74-1.44) < 0.001
eGFR, ml/min/1.73 m? 109 (97—119)b 88 (54-109) < 0.001
CysC, mg/L 0.87 (0.76-1.03)° 1.24 (0.92-1.75) < 0.001
Cholesterol, mg/dL 297.8 (246.6-370.8)° 223.1(182.5-300.5) <0.001
HDL-C, mg/dL 56.5 (47.2-69.1)° 48.3 (39.4-58.4) <0.001
LDL-C, mg/dL 181.9 (146.7—241.2)b 140.6 (111.9-193.0) < 0.001
Anti-PLA2R, RU/mL 66.23 (13.02—173.23)b <2° <0.001
U-RBC, HPF 7(2.9-1 5.5)b 4.4(1.5-17.8) < 0.001
Urinary protein, g/day 451 (2.54—7.55)b 2.25 (1.07-4.80) < 0.001

Values are presented as number (%), median (interquartile range), or mean + SD.
IMN, idiopathic membranous nephropathy; WBC, white blood cell; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate;
CysC, serum cystatin C; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; PLA2R, phospholipase A2

receptor; U-RBC, urinary red blood cell; HPF, high power field.
Compared with the non-IMN group, °p < 0.01.
b0 < 0.001.

“All three quartiles of anti-PLA2R in the non-IMN group were less than 2 RU/mL.

while that in the positive group was as high as 108.82 RU/
mL (IQR, 58.40 to 259.97). Comparisons of clinical features
between the two groups are listed in Table 2. The results
showed that the male proportion (61.7% vs. 49.2%, p =
0.022), 24-hour urinary protein (5.31 g/day vs. 3.12 g/day,
p < 0.001), serum creatinine (0.74 mg/dL vs. 0.68 mg/dL, p
=0.004), CysC (0.91 mg/dL vs. 0.82 mg/L, p < 0.001), cho-
lesterol (311.5 mg/dL vs. 269.7 mg/dL, p < 0.001) and low
density lipoprotein cholesterol (194.9 mg/dL vs. 163.2 mg/
dL, p < 0.001) in the anti-PLA2R-positive group were signifi-
cantly higher than those in the negative group. The levels of
albumin (24.41 £ 5.45 g/L vs. 29.10 £ 6.70 g/L, p < 0.001)
and eGFR (107 mL/min/1.73 m2vs. 111 ml/min/1.73 m?, p
= 0.024) in the positive group were lower than those in the
negative group, and the differences were statistically signif-
icant. However, differences in other indexes, such as age,
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hemoglobin and BUN, had no statistical significance.

The anti-PLA2R-positive group was further divided into
the low titer group (20 RU/mL < anti-PLA2R < 78.5 RU/mL),
middle titer group (78.5 RU/mL < anti-PLA2R < 193.5 RU/
mL) and high titer group (anti-PLA2R > 193.5 RU/mL) ac-
cording to the titer tertiles. Table 2 shows that 24-hour uri-
nary protein levels in both the low and middle titer groups
were lower than those in the high titer group (3.86 and
4.79 g/day vs. 6.92 g/day, p < 0.001 and p = 0.001). How-
ever, only the level of albumin in the low titer group was
higher than that in the high titer group (25.30 g/L vs. 23.60
g/L, p = 0.013), while no significant difference of it between
the middle and high titer groups was found. In addition,
there was no significant difference in sex, age, BUN, serum
creatinine, eGFR, or CysC among the three titer groups.
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Figure 2. The distribution of anti-phospholipase A2 receptor
antibody (anti-PLAZ2R) levels (log-transformed) in different ne-
phropathies. In the idiopathic membranous nephropathy (IMN),
the upper and lower short line show the 75th and 25th percen-
tiles respectively and the middle long line shows the median. In
the minimal change disease (MCD), diabetic nephropathy (DN),
and lupus nephritis (LN), the upper short lines show 75 percen-
tiles and the median (long) lines and 25 percentiles (short) lines
coincide with each other. In the IgA nephropathy (IgAN), focal
and segmental glomerulosclerosis (FSGS), hepatitis B virus-asso-
ciated glomerulonephritis (HBV-GN), and Others, the three lines
showing the 25th, 50th and 75th percentiles are all at the same
level. The subgroups of Other include patients with hypertensive
renal damage, interstitial nephritis, plasmacytoma-associated
nephropathy, primary renal amyloidosis, purpura nephritis, mem-
branoproliferative glomerulonephritis, endocapillary proliferative
glomerulonephritis, C3 glomerulonephritis, acute tubular necrosis
and mild glomerular ischemia with chronic interstitial fibrosis.

Correlations between anti-PLA2R and parame-
ters in the IMN group

In the IMN group, we found correlations between an-
ti-PLA2R and clinical parameters related to renal function
(Fig. 3). There was a statistically significant positive correla-
tion between anti-PLA2R and 24-hour urinary protein (r =
0.355, p < 0.001), serum creatinine (r=0.161, p = 0.002),
CysC (r=0.228, p < 0.001) and cholesterol (r = 0.263, p <
0.001). In contrast, significant negative correlations existed
between anti-PLA2R and albumin (r = -0.357, p < 0.001)
and eGFR (r=-0.151, p = 0.004).

In this study, pathological stages of IMN were divided
into three groups: stage |, stage Il and stage Ill. There were
250 patients (66.84%) in stage | with an anti-PLA2R level
of 61.77 RU/mL (IQR, 10.01 to 161.54) and 123 patients
(32.89%) in stage Il with an anti-PLA2R level of 66.95 RU/mL
(IQR, 19.63 to 227.88). Only one patient whose anti-PLA2R
level was 898.55 RU/mL was in stage Ill. Patients with higher
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pathological stages seemed to have higher anti-PLA2R lev-
els, but there was no statistically significant correlation be-
tween anti-PLA2R levels and pathological stages in the IMN
group or in either of its two subgroups (anti-PLA2R-positive
and anti-PLA2R-negative) (Table 3).

The optimal cutoff value of anti-PLA2R
To distinguish IMN from non-IMN, the ROC curve meth-
od was chosen to validate an optimal cutoff value of an-
ti-PLA2R. After analyzing this curve (Fig. 4), we found that
7.45 RU/mL was the cutoff with the highest Youden index.
Currently, 20 RU/mL is commonly used as the positive
threshold of anti-PLA2R in clinical practice. At this value, the
specificity reached 98.99%, while the sensitivity was only
68.45% in our study. Tables 4 and 5 show the diagnostic
efficiency of 7.45 RU/mL and that of different cutoff values
published in previous studies. When the cutoff values were
2, 2.6, 7.45, and 14 RU/mL, the sensitivities were 92.51%,
89.04%, 80.75%, and 74.60%, and the specificities were
76.69%, 85.81%, 97.97%, and 98.99%, respectively. The
Youden indexes at these five values (2, 2.6, 7.45, 14, 20 RU/
mL) were 0.69, 0.75, 0.79, 0.74, 0.67, respectively. The area
under the ROC curve was 0.935 (95% confidence interval,
0.915 to 0.956; p < 0.001).

DISCUSSION

A disease spectrum analysis of inpatients showed that the
proportion of IMN in primary glomerulonephritis (PGN)
had been increasing and that IMN had become the main
pathological type of PGN in northern China [12]. This ne-
phropathy leads to proteinuria, edema, hypoalbuminemia
and hyperlipidemia and brings risks of complications such as
thromboembolic disease or coronary artery disease [13,14].
Thus, it is vital to realize early diagnosis and early treatment
of IMN. The discovery of PLA2R was a milestone for this pur-
pose and helped achieve noninvasive diagnosis. However,
most studies included small sample sizes, and the positive
threshold of anti-PLA2R by ELISA was not unified. There-
fore, we analyzed the clinical characteristics of IMN through
a large-sample study and aimed to set a new cutoff for the
diagnosis of IMN.

IMN patients in our study demonstrated specific clinical
features. For example, the male-to-female ratio in IMN was
1.37:1, which was consistent with the analysis of the Chi-
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Figure 3. Correlations between the levels of anti-phospholipase A2 receptor antibody (anti-PLA2R; log-transformed) and clinical parame-
ters in the idiopathic membranous nephropathy. eGFR, estimated glomerular filtration rate.

Table 3. Anti-PLA2R values of IMN patients in different histologic stages

Stage Overall (n = 374) Anti-PLAZ2R positive (n = 256) Anti-PLA2R negative (n = 118)
No. (%) Anti-PLA2R, RU/mL No. (%) Anti-PLA2R, RU/mL No. (%) Anti-PLA2R, RU/mL

[ 250(66.84)  61.77 (10.01-161.54) 163 (63.67) 106.16 (69.11-228.54) 87 (73.73) 3.75 (< 2°-11.80)

Il 123(32.89) 66.95(19.63-227.88) 92 (35.94) 109.84 (51.98-276.54) 31(26.27) 8.17 (2.29-14.20)

[ 1(0.27) 898.55 1(0.39) 898.55 0 -

p value 0.067 0.288 0.229

Values are presented as the median (interquartile range).
PLA2R, phospholipase A2 receptor; IMN, idiopathic membranous nephropathy.
The first quartile was below the lower limit of ELISA detection.

nese national database for inpatients [12]. However, this ra- these differences, the effect of ethnic background cannot
tio was lower than that from the Netherlands (1.72:1), which be ignored. Different stages and statuses of disease when
could be caused by ethnic differences [15]. In our study, subjects were enrolled also account for the discrepancies.

serum creatinine and 24-hour urinary protein were higher, In the next part of this study, we found that anti-PLA2R
while albumin and eGFR were lower, in the anti-PLA2R-pos- correlated with serum creatinine, 24-hour urinary protein,
itive group than in the anti-PLA2R-negative group. Howev- albumin, eGFR, and CysC. However, correlations between
er, there was no significant difference in these four indexes anti-PLA2R and serum creatinine, eGFR and CysC were
in the studies of Provatopoulou et al. [16] and Hofstra et al. weak. Furthermore, there was no significant difference in
[17]. In both Chinese studies, positive groups had higher serum creatinine, eGFR and CysC among the three titer sub-
levels of 24-hour urinary protein, while there was no dif- groups, which also supported this result. Other related stud-
ference in serum creatinine and albumin [18,19]. Kim et al. ies were not entirely consistent with our results. For exam-
[20] found that albumin was lower in the positive group and ple, only 24-hour urinary protein positively correlated with
that no significant difference existed in serum creatinine. For anti-PLA2R, while albumin, serum creatinine and CysC did
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not correlate in the study by Li et al. [19]. In two Japanese
studies, anti-PLAZ2R negatively correlated with albumin, but
its correlations with serum creatinine and 24-hour urinary
protein differed between the two studies [21,22]. The study
by Hofstra et al. [17] was consistent with our research on
these correlations. However, this supportive consistency has
not yet proven a definite causal relationship between an-
ti-PLA2R and kidney damage. We can infer that a higher
titer of anti-PLA2R leads to more subepithelial deposition of
the immune complex, which results in more serious tissue
damage, especially the destruction of the filtration barrier
[3]. The differences in correlations indicate that complex

Cutoff 2: sensitivity = 0.9251, specificity = 0.7669
Cutoff 2.6: sensitivity = 0.8904, specificity = 0.8581

utoff 7.45: sensitivity = 0.8075, specificity = 0.9797
[\ Cutoff 14: sensitivity = 0.7460, specificity = 0.9899

Cutoff 20: sensitivity = 0.6845, specificity = 0.9899
0.6

Sensitivity

0.4

0.2+

AUC = 0.935 (95% Cl, 0.915-0.956)
0 T T T T 1
0.2 0.4 0.6 0.8 1.0

1-Specificity

Figure 4. Receiver operating characteristic curve of anti-phos-
pholipase A2 receptor antibody (anti-PLA2R) in the diagnosis of
idiopathic membranous nephropathy. AUC, area under receiver
operating characteristic curve; Cl, confidence interval.

KJIM™

links exist between anti-PLA2R and IMN, which are possibly
affected by genetic or environmental backgrounds.

Since Beck et al. [7] discovered that PLA2R was the marker
antigen of IMN, ELISA detection of autoantibodies to this
target has been gradually promoted for commercial purpos-
es so that more clinical laboratories can carry out objective,
efficient and quantitative detection of anti-PLA2R. As re-
viewed in Table 5 [15,16,18-26], associated studies usually
used 2, 14, and 20 RU/mL recommended by the manufac-
turer as the cutoff values. In these studies, the diagnostic
efficiency varied with cutoff values in the same experiment
[15,16,23]. The sensitivity and specificity of the same cutoff
value were also different between countries and regions.
When 20 RU/mL was used as the boundary, the sensitivi-
ty in the Netherlands was relatively high at 63.30% [15].
Although Greece also belongs to Europe, the sensitivity in
a Greek population was only 48.48% [16]. In two stud-
ies of the Japanese population, the sensitivities were simi-
lar, 50.00% and 52.17%, and the specificities were both
100.00% [21,22]. China held four studies, with sensitivi-
ties of 62.20%, 60.17%, 50.88%, and 67.26%, and the
specificities were all more than 90% [19,23-25]. Another
study pointed out that this measurement was more sensi-
tive for Caucasians than for Asians [27]. In China, Liu et al.
[24] also conducted experiments with Euroimmun’s ELISA
kit and they recommended 2.6 RU/mL as the cutoff value of
anti-PLA2R. Compared with 2.6 RU/mL and other reported
cutoff values, 7.45 RU/mL was preferred in our large-sample
study; it had higher diagnostic efficiency and its PPV reached
98.05%. Our study included more IMN and non-IMN ne-
phropathy subjects and excluded data from healthy people
when analyzing the ROC curve. Therefore, 7.45 RU/mL was
more applicable in the differential diagnosis in clinical prac-
tice.

In our study, positive rates and levels of anti-PLA2R were

Table 4. The efficiency of anti-PLA2R for diagnosing IMN at different cutoff values

Cutoff, RU/mL Sensitivity, % Specificity, % PPV, % NPV, % Youden index
2 92.51 (346/374) 76.69 (227/296) 83.37 (346/415) 89.02 (227/255) 0.69
2.6 89.04 (333/374) 85.81 (254/296) 88.80 (333/375) 86.10 (254/295) 0.75
7.45 80.75 (302/374) 97.97 (290/296) 98.05 (302/308) 80.11 (290/362) 0.79
14 74.60 (279/374) 98.99 (293/296) 98.94 (279/282) 75.52 (293/388) 0.74
20 68.45 (256/374) 98.99 (293/296) 98.84 (256/259) 71.29 (293/411) 0.67

Anti-PLA2R, anti-phospholipase A2 receptor antibody; IMN, idiopathic membranous nephropathy; PPV, positive predictive value; NPV,

negative predictive value.
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significantly higher in IMN patients than in non-IMN patients,
which indicates that it is a specific biomarker in the differ-
ential diagnosis of IMN. However, 31.6% of IMN patients
still tested negative for anti-PLA2R. Four possible reasons
are illustrated as follows. First, these IMN patients may de-
velop lower levels of anti-PLA2R because they had entered
spontaneous immune remission or possessed particular
genes such as HLA alleles DQA1*05:01 and DQB1*02:01
[8]. All anti-PLA2R might have deposited outside the circula-
tion or leaked into urine. Second, anti-PLAZR levels could be
sufficient to trigger IMN but not to be reported as positive
due to the higher cutoff threshold of the detection. This is
partly why we aim to find a new threshold of anti-PLA2R.
Third, some SMN patients might be misdiagnosed with IMN
because the underlying causes were not found with current
diagnostic techniques. Last, different autoantigens could
be involved in the pathogenesis, such as thrombospondin
type 1 domain containing 7A, aldose reductase, superoxide
dismutase-2 and a-enolase. Autoantibodies against these
targets have been found in IMN patients, but whether they
play a direct pathogenic role remains to be confirmed [28-
311

This study suffers from several limitations. Firstly, due to
the limited observation time of the study, there could have
existed unidentified misclassifications. For example, we have
not found cancer patients in IMN through the thorough ex-
amination at the time of enrollment and the telephone fol-
low-up, but some cancers are difficult to be caught in their
early stages by current technology which means part of MN
without primary causes could actually be secondary to the
cancers. Secondly, this study lacks prognosis and survival
data to assess the predictive value of anti-PLA2R. The fol-
low-up investigation of anti-PLA2R in those who accepted
medical treatments may provide more reference value for
this study. Thirdly, because patients receiving immunosup-
pressive therapy were excluded, anti-PLAR level of them at
onset could not be analysed and selection bias could not
be neglected in this retrospective study. Lastly, more multi-
center prospective studies with larger samples are needed to
further verify these correlations and to obtain a cutoff value
with higher validity.

In conclusion, the detection of anti-PLA2R is highly spe-
cific for the diagnosis of IMN. 7.45 RU/mL is recommended
as the optimal cutoff value of anti-PLA2R for the diagnosis
of IMN, which can improve the diagnostic efficiency and fa-
cilitate early diagnosis of IMN. Baseline parameters of renal

https://doi.org/10.3904/kjim.2020.366
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function are associated with anti-PLA2R levels in IMN pa-
tients.

KEY MESSAGE

1. Anti-phospholipase A2 receptor (PLA2R) is specific
for idiopathic membranous nephropathy.

2. A 7.45 RU/mL is the optimal cutoff value of an-
ti-PLA2R by enzyme-linked immunosorbent assay
for idiopathic membranous nephropathy patients.

3. Baseline renal function is associated with the se-
rum level of anti-PLA2R.
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