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Abstract 

Background: Idiopathic membranous nephropathy (iMN) is recognized as an organ-specific autoimmune disease, 
mainly caused by anti-PLA2R antibody. This study aimed to study between anti-PLA2R antibody level at diagnosis and 
the response to tacrolimus (TAC)-based treatment in iMN patients.

Methods: This was a retrospective cohort study including 94 kidney biopsy-proven MN patients with positive 
anti-PLA2R antibody at diagnosis from May 2017 to September 2021 in our center. All iMN patients received the TAC 
regimen as the initial immunosuppressive therapy. All patients were divided into two groups according to anti-PLA2R 
antibody titer at diagnosis: high-level group (> 150 RU/ml; n = 42) and low-level group (≤ 150 RU/ml; n = 52). The 
association between anti-PLA2R antibody levels and clinical outcomes was assessed using the Kaplan–Meier method.

Results: The low density lipoprotein in the high-level group was significantly higher than low-level group at 
diagnosis, otherwise, serum albumin was significantly lower than low-level group; however, there was no signifi-
cant difference in creatinine levels between two groups. The remission rates were significantly higher in the low-
level group than high-level group after treatment with TAC for 12, 18, or 24 months (all P < 0.05). After 12 months 
of treatment with TAC, 82.7% of the patients in the low-level group achieved complete remission (CR) or partial 
remission (PR) (mean, 6.52 ± 0.53 months). However, 38.1% of the patients in high-level group achieved CR or 
PR (mean, 9.86 ± 0.51 months). Moreover, CR rate at 12 months in the high-level group was only 4.7% (mean, 
11.88 ± 0.63 months). The infection frequency in the high-level group (35.6%) was higher than the low-level group 
(20%) during the TAC treatment, although there was no significant difference (P = 0.065). There were 19% patients 
who had end-stage kidney disease (ESKD), and 7.1% of patients died of ESKD in the high-level group during the 
follow-up period.

Conclusion: Anti-PLA2R antibody level above 150 RU/ml at diagnosis can predict a poor treatment response and 
outcome of TAC treatment in iMN patients, who may not benefit from TAC or other calcineurin inhibitor regimens as 
the initial treatment.
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Introduction
Idiopathic membranous nephropathy (iMN) is a common 
cause of nephrotic syndrome in adults and accounts for 
20% of primary nephrotic syndrome in China [1]. Nearly 
one-third of iMN patients can achieve spontaneous 
remission; in contrast, one-third of iMN patients with 
nephrotic syndrome level proteinuria (proteinuria > 3.5 g 
per 24  h and/or hypoalbuminemia) will progress to 
ESRD [2–4]. iMN patients with sufficient symptoms of 
nephrotic syndrome, such as edema, thrombotic events, 
and progression of kidney failure, and/or high risk of 
progression and/or low likelihood of spontaneous remis-
sion will require immunosuppressive therapy [5], which 
includes the use of alkylating agents, rituximab, CNI, or a 
combination of these agents.

Despite the higher complete or partial remission rates 
and lower relapse rates obtained with the use of alkylating 
agents (cyclophosphamide or chlorambucil) combined 
with steroids, its severe side effects such as infection, 
pancytopenia, and malignancies will prompt most phy-
sicians and patients to use rituximab or CNI as the ini-
tial treatment [6]. TAC is a type of CNI that is widely 
used to treat iMN patients alone or in combination with 
low doses of steroids [7]. Most studies have shown that 
TAC is effective and safe for the treatment of iMN [8, 
9]. Despite the potential nephrotoxicity and high relapse 
rate after drug discontinuation, it was still recommended 
by the 2012 and 2021 Kidney Disease Improving Global 
Outcomes (KDIGO) guidelines as the first-line treatment 
for iMN patients [10, 11]. However, which iMN patients 
will benefit most from the TAC-based treatment or what 
will help inform the prognosis of iMN patients treated 
with TAC is still unclear.

The discovery of the anti-PLA2R in 2009 provided evi-
dence that iMN is an organ-specific autoimmune dis-
ease [12]. Anti-PLA2R antibody is present in 70%–80% 
of patients with iMN, and has more than 95% specificity 
[13–16]. Researches indicate that the titer of anti-PLA2R 
antibody is highly associated with disease severity and 
prognosis, which mean that a high level of anti-PLA2R 
antibody always has a worse therapeutic response [17–
20], and lower spontaneous remission [17, 21–23], mean-
while, the depletion of anti-PLA2R antibody is usually 
followed by a clinical remission of nephrotic syndrome. 
However, the role of anti-PLA2R antibody titer in the 
individualization of immunosuppressive therapy remains 
unclear. According to the draft version of the 2020 
KDIGO clinical practice guidelines, iMN patients with 
anti-PLA2R antibody titers > 150 RU/ml are considered 

to be at high risk of disease progression, and should 
consider the need to start immunosuppressive therapy 
including rituximab or glucocorticoids with cyclophos-
phamide or CNI-based therapy. However, the therapeutic 
response to TAC, which is the most widely used CNI reg-
imen in high-risk patients with iMN, has not been well 
demonstrated.

Thus, we conducted this retrospective study to com-
pare the effect and tolerance of TAC-based therapy in 
iMN patients with high anti-PLA2R titer (> 150RU/ml) 
and low anti-PLA2R titer (≤ 150RU/ml).

Method
Patients
All patients were diagnosed, treated and followed up 
at the First Affiliated Hospital of Nanchang University 
(Nanchang, Jiangxi Province, China) from May 2017 to 
September 2021. In this retrospective study, we collected 
227 adult patients with membranous nephropathy (MN) 
by clinical diagnosis. The inclusion flowchart of patients 
with iMN is presented in Fig.  1. The inclusion criteria 
were listed in the flow chart (Fig.  1). All included cases 
were recorded in the Human Genetic Hospital of Nan-
chang University. All iMN patients were divided into two 
groups according to anti-PLA2R antibody titer at diagno-
sis: high-level group (> 150 RU/ml; n = 42) and low-level 
group (≤ 150 RU/ml; n = 52).

Date collection
Anti-PLA2R antibody titers were detected by enzyme-
linked immunosorbent assay (ELISA) kits (EUROIM-
MUN) in our center. According to the manufacturer’s 
instructions, a positive antibody titer was defined as an 
anti-PLA2R antibody titer of > 20 RU/ml. The limit of 
quantitation was equal to 2.0 RU/ml. ELISA was per-
formed according to the manufacturer’s instructions. 
Human serum samples diluted to 1:101 in sample buffer 
were added to microtiter wells and then incubated for 
30  min at room temperature (+ 18 to + 25  °C). The 
antibody was detected by incubating the samples with 
enzyme-labeled anti-human IgG for 30 min, after which 
chromogen substrate solution (EUROIMMUN AG) was 
added to each well. Optical density was measured using 
an automated spectrophotometer (1510; Thermo Fisher 
Scientific, Waltham, MA, USA) at 450 nm.

Data on patient characteristics, treatment responses, 
complications and outcomes were obtained by review-
ing the patients’ medical records. The clinical data of all 
patients collected were as follows: age at diagnosis, sex, 
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weight, blood pressure, specific diagnosis, follow-up 
symptomatic and immunosuppressive therapy (drug, 
dose, time and duration). The laboratory data were con-
tinuously followed to September 30, 2021 or the occur-
rence of endpoints, including serum albumin (Alb), 
serum creatinine (Scr), 24-h urine protein (24hUP) 
quantity, ratio of urine protein to urine creatinine, total 
cholesterol (TC), triglyceride (TG), hemoglobin (Hb), 
fasting blood glucose (FBG), and infection-related indi-
cators. Estimated glomerular filtration rate (eGFR) was 
calculated using the Chronic Kidney Disease Epidemiol-
ogy Collaboration (CKD-EPI) equation. The main com-
plications and drug-related side effects include infection, 
thromboembolism, acute kidney injury (AKI), ESRD, dia-
betes/glucose intolerance. The main endpoints included 
death, loss of follow-up, and the last follow-up date. 
The last follow-up date of the patients in the study was 

September 30, 2021. The follow-up period of patients 
ranged from 6–42 months (mean, 19.76 ± 9.30 months).

Evaluation criteria
The primary outcome included CR and PR at 6, 12, 18 and 
24  months follow-up. The secondary outcomes included 
remission time, infection, secondary abnormal blood glu-
cose, renal dysfunction, death and relapse. CR was defined 
as proteinuria < 0.3 g/24 h observed on at least three con-
secutive visits and a normal range of serum albumin and 
creatinine. PR was defined as proteinuria < 3.5 g/24 h and 
at least 50% reduction from the time of initiating con-
servative treatment, serum albumin > 30  g/L, and stable 
creatinine [11]. Total remission was defined as CR and 
PR. Relapse was defined as proteinuria > 3.5 g/L/24 h on 
at least two consecutive tests after CR or PR. AKI can be 
diagnosed clinically if it meets the following criteria: ① 

Fig. 1 Inclusion flowchart of patients with idiopathic membranous nephropathy
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the increase of SCR ≥ 0.3 mg/dl within 48 h; ② Confirm 
or speculate that SCR increases by ≥ 50% compared with 
the basic value within 7 days ③ urine volume is less than 
0.5  ml/kg/h, lasting for ≥ 6  h [24]. Oliguria is defined as 
urine volume less than 400 ml per 24 h in adults. Anuria 
is defined as urine volume less than 100  ml per 24  h in 
adults. ESKD is defined as an eGFR < 15 mL/min/1.73 m2 
(CKD stage 5) or the necessity for dialysis/transplanta-
tion. Treatment failure was defined as the absence of CR 
or PR during the follow-up period.

Statistical analysis
SPSS 21.0 statistical software was used for data analy-
sis. Data were expressed as mean ± SD and compared by 
T-test if normally distributed. The measurement data are 
expressed as the median (lower quartile, upper quartile) 
and compared by Wilcoxon rank sum test if not normally 
distributed. The Categorical variables were expressed by 
frequency and percentage, and compared by Chi-squared’ 
test, Fisher’s exact test. Survival and cumulative remission 
curves were drawn using the Kaplan–Meier method.

Results
Ninety-four kidney biopsy-proven primary MN patients 
with positive serum anti-PLA2R antibody titer at diagno-
sis were enrolled finally in the retrospective study, with 
more males than females, and a mean age of 57  years. 

The baseline characteristics of patients with iMN at 
baseline in the high-level group and low-level group are 
presented in Table  1. The antibody titers of the patients 
were 72.20 (39.59, 118.80) in low-level group and 374.31 
(262.50, 592.63) in the high-level group. The mean age of 
patients in the low-level group was 55.27 ± 11.74  years, 
is not significantly different from the high-level group 
(59.38 ± 13.05 years, P = 0.112). The baseline 24- hour uri-
nary protein of the low-level group was 4.47 ± 1.64 g, and 
that of the high-level group was 5.02 ± 2.86 g. There was 
no significant statistical difference in 24-h urinary protein 
levels between the two groups (P = 0.226). At diagnosis, 
the serum albumin in the high-level group was signifi-
cantly lower (P = 0.005), and low-density lipoprotein was 
significantly higher than low-level group (P = 0.010). 
There was no significant difference in serum creatinine, 
and eGFR at diagnosis between the two groups.

Association between anti‑PLA2R Ab levels and clinical 
remission
All 94 patients received TAC as the initial immuno-
suppressive therapy. The follow-up period of patients 
ranged from 6–42 months (median, 19.5 months; mean, 
19.76 ± 9.30  months). At the end of follow-up, 68.1% 
(64/94) patients achieved cumulative remission, 37 
(39.4%) patients had CR and 27 (28.7%) patients had PR. 
For patients who achieved remission, the mean time to 

Table 1 Baseline characteristics of iMN patients between low-level and high-level group

Bold indicate p value < 0.05

Legend: anti-PLA2R Ab anti-phospholipase A2 receptor antibody, iMN idiopathic membranous nephropathy, eGFR estimated glomerular filtration rate, low-level 
group anti-PLA2R antibody titer ≤ 150 RU/ml, high-level group anti-PLA2R antibody titer > 150 RU/ml, ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin 
receptor blocker

Parameters Low‑level group(n = 52) High‑level group(n = 42) P value

Level of anti-PLA2R Ab, RU/mL 72.20(39.59, 118.80) 374.31(262.50, 592.63)  < 0.001
Gender, male/female 35/17 24/18 0.311

Age, year 55.27 ± 11.74 59.38 ± 13.05 0.112

Weight, kg 65.24 ± 9.06 63.52 ± 8.73 0.355

Systolic blood pressure, mmHg 131.27 ± 16.08 132.55 ± 19.71 0.730

Diastolic blood pressure, mmHg 83.08 ± 9.52 82.48 ± 8.41 0.750

Hemoglobin, g/L 128.07 ± 22.86 124.45 ± 14.61 0.355

Proteinuria, g/24 h 4.47 ± 1.64 5.02 ± 2.86 0.266

Total cholesterol, mmol/L 7.78 ± 2.86 8.71 ± 2.46 0.102

Triglyceride, mmol/L 2.39(1.65, 3.88) 2.28(1.58, 3.43) 0.533

Low density lipoprotein, mmol/L 4.70(3.47, 6.45) 6.18(4.53, 8.01) 0.010
Total protein, g/L 47.24 ± 7.53 45.39 ± 6.20 0.205

Serum albumin, g/L 23.43 ± 5.44 19.75 ± 4.31 0.005
Blood urea nitrogen, mmol/L 5.25(4.33, 6.38) 5.05(4.08, 6.35) 0.465

Serum creatinine, μmol/L 73.20(63.83, 86.08) 72.85(60.08, 91.48) 0.781

Trough blood concentration of TAC 5.82 ± 1.44 5.71 ± 1.51 0.733

eGFR, mL/min/1.73  m2 89.59 ± 17.41 85.75 ± 21.63 0.287

ACEI/ARB 48/52 40/42 0.878
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remission was 6.33 ± 3.94  months. The clinical remis-
sion rates of iMN patients in the two groups during 
the follow-up period are listed in Table  2. Six months 
after treatment with TAC, 51.9% (27/52) of the patients 
achieved remission (CR, 5 patients; PR, 22 patients) in 
the low-level group, and only 19% (8/42) of the patients 
achieved PR in the high-level group. The CR rate was sig-
nificantly different between the groups during follow-up, 
but PR was not observed. Twelve months after treatment 
with TAC, 82.7% (43/52) of the patients in the low-level 
group achieved remission (including complete remis-
sion in 22 patients and partial remission in 21 patients), 
and the mean time was 6.52 ± 0.53  months. However, 
12  months after treatment with TAC, only 38% (16/42) 
of the patients in the high-level group achieved remis-
sion (CR, 2 patients; PR, 14 patients), and the mean time 
was 9.86 ± 0.51 months. Figure 2 and Fig. 3 show TR and 
CR in two groups during follow-up based on the survival 
curve. Throughout the follow-up period, it was observed 
that the remission rate, either CR or PR, was lower in 
the high-level group. Two years after treatment with 
TAC, 88.5% (46/52) of the patients in the low-level group 
achieved remission (CR, 27 patients; PR, 19 patients), and 
the mean time to achieve CR was 16.94 ± 1.01  months. 
Meanwhile, 42.9% (18/42) of the patients in the high-
level group achieved CR (mean, 22.07 ± 0.66  months). 
The remission rate of patients in the high-level group was 
lower than that in the low-level group, and it took longer 
to achieve remission. Therefore, TAC is not an optimal 

Table 2 Clinical remission of iMN patients during the follow-up 
period

Bold indicate p value < 0.05

Legend: iMN idiopathic membranous nephropathy, low-level group anti-PLA2R 
antibody titer ≤ 150 RU/ml, high-level group anti-PLA2R antibody titer > 150 RU/ml, 
CR complete remission, PR partial remission, TR total remission, NR no response

Time Clinical 
remission

Low‑level 
group(n = 52)

High‑level 
group(n = 42)

P value

6 months CR, n (%) 5 (9.6%) 0 (0%) 0.047
PR, n (%) 22 (42.3%) 8 (19%) 0.140

TR, n (%) 27 (51.9%) 8 (19%) 0.001
NR, n (%) 25 (48.1%) 34 (81%)  0.001

12 months CR, n (%) 22 (42.3%) 2 (4.7%) < 0.001
PR, n (%) 21 (40.4%) 14 (33.3%) 0.313

TR, n (%) 43 (82.7%) 16 (38%) < 0.001
NR, n (%) 9 (17.3%) 26 (62%) < 0.001

18 months CR, n (%) 27 (51.9%) 6 (14.3%) < 0.001
PR, n (%) 19 (36.6%) 12 (28.6%) 0.276

TR, n (%) 46 (88.5%) 18 (42.9%) < 0.001
NR, n (%) 6 (11.5%) 24 (57.1%) < 0.001

24 months CR, n (%) 27 (51.9%) 9 (21.45%) 0.002
PR, n (%) 19 (36.6%) 9 (21.45%) 0.085

TR, n (%) 46 (88.5%) 18 (42.9%) < 0.001
NR, n (%) 6 (11.5%) 24 (57.1%) < 0.001

Fig. 2 Remission rate is depicted for iMN patients in two groups at 1 year. The line 1 means total remission rate in low-level group, the line 2 means 
total remission rate in high-level group, the line 3 means complete remission rate in low-level group, the line 4 means complete remission rate in 
high-level group
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treatment option for iMN patients with serum anti-
PLA2R antibody titers > 150 RU/ml.

Association between anti‑PLA2R Ab levels 
and complication
The complications and drug-related side effects of iMN 
patients in two groups during the follow-up period are 
presented in Table  3. Twenty-seven infection-related 
events were accumulated, 11 cases in the low-level group, 
and 16 cases in the high-level group. The high-level 
group had more infection-related events, but the differ-
ence was not statistically significant (P = 0.065). There 
were nine cases of temporary hemodialysis due to severe 
edema (eight cases) or acute kidney injury (one cases) 
during follow-up (four cases in the low-level group and 
five cases in the high-level group). Among the 94 patients 
with iMN, 9 patients (9.6%) reached ESRD during follow-
up (one patient in the low-level group and eight patients 
in the high-level group). The anti-PLA2R antibody titer 

in eight patients in the high-level group was greater than 
288 RU/ml. Of those nine patients who reached ESRD, 
three died of ESRD during the follow-up period and had 
higher anti-PLA2R antibody titer (288RU/ml, 564RU/
ml, and 883.42RU/ml, respectively). The high-level group 
showed a higher ratio of kidney dysfunction and death 
than the low-level group. Among the 94 iMN patients, 
13 (13.8%) patients developed steroid diabetes during 
follow-up, six patients were in the low-level group, and 
seven patients were in the high-level group. There were 
no thromboembolic complications in either group.

Discussion
This is the retrospective study to assess the efficacy and 
safety of TAC-based treatment in iMN patients with high 
titer anti-PLA2R levels (> 150RU/ml), who were recog-
nized as high-risk patients with progressive loss of kidney 
function. We found that the remission rate, especially the 
CR rate, was much lower in the high-level group patients 

Fig. 3 Remission rate is depicted for iMN patients in two groups at two years. The line 1 means total remission rate in low-level group, the line 2 
means total remission rate in high-level group, the line 3 means complete remission rate in low-level group, the line 4 means complete remission 
rate in high-level group

Table 3 Complications and drug-related side effects of iMN patients in two groups during the follow-up period

Legend: iMN idiopathic membranous nephropathy, low-level group anti-PLA2R antibody titer ≤ 150 RU/ml, high-level group anti-PLA2R antibody titer > 150 RU/ml, 
ESRD end-stage renal disease

Complications Low‑level group(n = 52) High‑level group(n = 42) P value

Infection 11/55 (20%) 16/45 (35.6%) 0.065

acute kidney injury 1/52(1.9%) 1/42(2.4%) 0.697

ESKD 1/52 (1.9%) 8/42 (19%) 0.014

Died 0 (0%) 3/42 (7.1%) 0.086

Diabetes/glucose intolerance 6/52 (11.5%) 7/42(16.7%) 0.337

Thromboembolic complications 0 (0%) 0 (0%) —
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treated with TAC than in the low-level group. Moreover, 
the ESKD rate was significantly higher in the high-level 
group. The infection rate during the therapy period was 
higher in the high-level group; however, there was no sta-
tistical significance due to the limited number of cases in 
this study. Our results indicate that TAC-based treatment 
may not be an optimal choice for iMN patients with high 
anti-PLA2R levels.

As a calcineurin inhibitor, TAC stabilizes the podo-
cyte cytoskeleton by interfering with calcium-depend-
ent signaling pathways and inhibiting the activation 
and proliferation of T cells in vitro [25, 26]. Thus, TAC 
can reduce urinary protein excretion and is widely used 
in the treatment of nephrotic syndrome. A number of 
studies have shown that TAC, either monotherapy or in 
combination with low-dose corticosteroids, was effec-
tive in treating iMN patients [9, 27, 28]. Praga et  al. 
used TAC monotherapy in iMN patients with normal 
kidney function and mean proteinuria over 12  months 
with a 6-month taper and compared them to conserva-
tion-treated patients. After 18 months, the total remis-
sion rate was 94% in the TAC group, but only 35% in 
the control group [9]. A retrospective study by Zhao Hu 
et al. recently showed that both TAC monotherapy and 
TAC combined with medium-dose prednisone in young 
patients aged between 15 and 40 years for 12 months led 
to 77.5%-80.4% remission rates [27].Thus, the KDIGO 
2012 glomerular diseases guideline included TAC as 
one of the first-line immunosuppressive treatments for 
iMN patients [11], and KDIGO 2021 continued this 
proposition [10].

TAC has been widely used in iMN patients who require 
immunosuppressive therapy. The available clinical data 
are insufficient to guide physicians to assess who will have 
or not have a good response to the TAC-based treatment 
at diagnosis. Since Beck et al. reported the identification 
of PLA2R as a major antigenic target in iMN in 2009, a 
new era of this disease has been opened [12]. Now, anti-
PLA2R antibody has been recognized as a biomarker that 
can establish the diagnosis of MN with high accuracy 
and without the associated risk of a renal biopsy [13–16]. 
Furthermore, anti-PLA2R antibody titers were closely 
associated with disease severity. For anti-PLA2R posi-
tive MN, a high level of anti-PLA2R antibody at diagnosis 
indicated an increased risk of progressive loss of kidney 
function [17–20], a low rate of spontaneous remission 
[17, 21–23], and vice versa. However, the relationship 
between the anti-PLA2R antibody titer and immunosup-
pressive treatment response has not been clearly dem-
onstrated. Only a few clinical studies have compared the 
immunosuppressive treatment response between iMN 
patients with high and low anti-PLA2R antibody titers. 
Remuzzi et al. observed the treatment effect of rituximab 

in 81 anti-PLA2R positive MN patients, and found that 
the total remission rate in the lowest tertile group was 
81.5%, which was approximately four times higher than 
that in the highest tertile group. Furthermore, the time 
to remission increased as the anti-PLA2R antibody titer 
increased [29]. Recently, Cattran et al. reported the data 
of the MENTOR study, which was conducted to compare 
the treatment response of rituximab and cyclosporine in 
iMN patients. In MENTOR, 52% of the patients treated 
with cyclosporine achieved CR or PR at 12 months. Sub-
group analyses by anti-PLA2R tertile showed that only 
18.8% of patients in the highest tertile group had CR 
or PR at 12  months, which was much lower than that 
in patients in the lower tertile in the MENTOR study 
when using cyclosporine [30]. Although TAC is another 
widely used CNI in the treatment of iMN, the treatment 
response in patients with a high anti-PLA2R antibody 
titer has not been reported. Our findings were consist-
ent with the results of the MENTOR subgroup analyses: 
the total remission rate of TAC in the high-level group 
was only 19% (8/42) and 38% (16/42) at 6  months and 
12  months, respectively, which was much lower than 
that in the low-level group. The mean remission time in 
the high-level group was 9.86 ± 0.51 months, which was 
longer than that of the low-level group.

Since the discovery of anti-PLA2R antibody as a 
pathogenic driver in nearly 70% of patients with iMN, 
a number of studies have confirmed the crucial role 
of anti-PLA2R levels in predicting the risk of disease 
progression [29, 31–37]. However, because the thresh-
olds used to define a high titer varied in these studies, 
it remains unclear what specific antibody level should 
be used to predict the clinical outcomes, including 
the therapeutic response, length of immunosuppres-
sive therapy, and the risk of progression. We defined 
anti-PLA2R antibody titer ≥ 150 RU/mL as high level 
according to the draft version of the 2020 KDIGO clini-
cal practice guidelines on glomerular disease and up-
to-date review of membranous nephropathy. We found 
that using 150 RU/mL as the cutoff value could predict 
the therapeutic response in iMN patients treated with 
TAC.

Adverse events related to TAC, such as abnormal 
glucose intolerance and nephrotoxicity, are important 
issues of concern [9]. In the present study, the rates of 
newly developed impaired glucose tolerance did not dif-
fer between the high- and low-level groups. However, 
the infection rate and death were higher in the high-level 
group, nevertheless, no statistical significance was found 
because of the limited sample size. There was a significant 
difference in the rate of progression to ESKD between the 
high-level and low-level groups, which was consistent 
with many previous studies [18–20]. No thromboembolic 
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complications were reported in our study during the 
24 months of follow-up period.

The present study had several limitations. As a single-
center retrospective observational study, selection bias 
was inevitable, and the use of drugs among patients could 
not be controlled very strictly. The number in the two 
groups was different due to the real value of anti-PLA2R 
antibody titer detected by enzyme-linked immunosorb-
ent assay (ELISA). Unfortunately, endpoint data were 
available from patient clinical records, which may have 
led to underestimation of adverse event rates. In addi-
tion, the sample size in our study was small.

In conclusion, our study proved that iMN patients 
with anti-PLA2R titers > 150 RU/mL at diagnosis showed 
unfavorable therapeutic response to TAC-based treat-
ment. Moreover, TAC-based treatment may bring more 
benefits and is considered a better option for lower 
renal progression risk in iMN patients with anti-PLA2R 
titers ≤ 150 RU/ml. Further well-designed multicenter, 
large-scale randomized controlled trials are required to 
assess the efficacy and safety of TAC-based treatment in 
patients with high anti-PLA2R titers.

Acknowledgements
We sincerely thank the patients who participated in this study and thanks 
all staff of the Department of Nephrology, The First Affiliated Hospital of 
Nanchang University.

Authors’ contributions
BHW proposed the research design, collected and analyzed the data, and 
wrote the manuscript. XW provided general research ideas, directed research 
progress and reviewed manuscripts. ZDZ, FH and HWH participated in labora-
tory data collection and follow-up. LXT helped to collect pathological reports 
of renal biopsy. All author read and approved the final manuscript.

Funding
The study was funded by the National Natural Sciences Foundation of China 
(82060147).

Availability of data and materials
The datasets generated and analyzed during the current study are available in 
the online link.[https:// docs. google. com/ sprea dshee ts/d/ 1SEnB hbKIl KQ34M 
0jmPc wyuzB mmZRG IDT/ edit? usp= shari ng& ouid= 11318 96777 43360 53832 0& 
rtpof= true& sd= true].

Declarations

Ethics approval and consent to participate
The study was performed in accordance with the Declaration of Helsinki and 
approved by the ethics committee of the First Affiliated Hospital of Nanchang 
University on January  3rd 2022 (No. 202200418). Written informed consent was 
waived because of the retrospective nature of the study and approved by the 
ethics committee of the First Affiliated Hospital of Nanchang University.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Nephrology, The First Affiliated Hospital of Nanchang Univer-
sity, 17 Yongwai Zhengjie, Nanchang City 330006, Jiangxi, China. 2 Nanchang 

University, Nanchang City 330006, China. 3 Department of Nephrology, Peo-
ple’s Hospital of Ganjiang New District, Nanchang City 330006, Jiangxi, China. 
4 Pathology Department, The First Affiliated Hospital of Nanchang University, 
Nanchang City, China. 

Received: 7 February 2022   Accepted: 10 August 2022

References
 1. Ronco P, Debiec H. Pathophysiological advances in membranous nephropa-

thy: time for a shift in patient’s care. Lancet. 2015;385(9981):1983–92.
 2. Schieppati A, et al. Prognosis of untreated patients with idiopathic mem-

branous nephropathy. N Engl J Med. 1993;329(2):85–9.
 3. Hogan SL, et al. A review of therapeutic studies of idiopathic membra-

nous glomerulopathy. Am J Kidney Dis. 1995;25(6):862–75.
 4. Ponticelli C, et al. A 10-year follow-up of a randomized study with methyl-

prednisolone and chlorambucil in membranous nephropathy. Kidney Int. 
1995;48(5):1600–4.

 5. van den Brand J, et al. Safety of Rituximab Compared with Steroids and 
Cyclophosphamide for Idiopathic Membranous Nephropathy. J Am Soc 
Nephrol. 2017;28(9):2729–37.

 6. Li YC, et al. A comparison of cyclophosphamide versus tacrolimus in 
terms of treatment effect for idiopathic membranous nephropathy: A 
meta-analysis. Nefrologia (Engl Ed). 2019;39(3):269–76.

 7. Chen Y, et al. Immunosuppressive treatment for idiopathic membranous 
nephropathy in adults with nephrotic syndrome. Cochrane Database Syst 
Rev. 2014;10:CD004293.

 8. Lin W, et al. Efficacy and safety of tacrolimus vs cyclophosphamide in the 
therapy of patients with idiopathic membranous nephropathy: a meta-
analysis. Drug Des Devel Ther. 2019;13:2179–86.

 9. Praga M, et al. Tacrolimus monotherapy in membranous nephropathy: a 
randomized controlled trial. Kidney Int. 2007;71(9):924–30.

 10. Kidney Disease: Improving Global Outcomes Glomerular Diseases Work, 
G. KDIGO 2021 Clinical Practice Guideline for the Management of Glo-
merular Diseases. Kidney Int. 2021;100(4S):S1–276.

 11. Kidney Disease: Improving Global Outcomes Glomerulonephritis Work, 
G. KDIGO Clinical Practice Guideline for Glomerulonephritis. Kidney Int. 
2012;2(2):S139–274.

 12. Beck LH Jr, et al. M-type phospholipase A2 receptor as target antigen in 
idiopathic membranous nephropathy. N Engl J Med. 2009;361(1):11–21.

 13. Du Y, et al. The diagnosis accuracy of PLA2R-AB in the diagnosis of idiopathic 
membranous nephropathy: a meta-analysis. PLoS ONE. 2014;9(8):e104936.

 14. Bobart SA, et al. Noninvasive diagnosis of primary membranous 
nephropathy using phospholipase A2 receptor antibodies. Kidney Int. 
2019;95(2):429–38.

 15. Behnert A, et al. Antiphospholipase A(2) receptor autoantibodies: a com-
parison of three different immunoassays for the diagnosis of idiopathic 
membranous nephropathy. J Immunol Res. 2014;2014:143274.

 16. Wiech T, Stahl RAK, Hoxha E. Diagnostic role of renal biopsy in PLA2R1-
antibody-positive patients with nephrotic syndrome. Mod Pathol. 
2019;32(9):1320–8.

 17. Timmermans SAMEG, et al. Anti-PLA2R Antibodies as a Prognostic 
Factor in PLA2R-Related Membranous Nephropathy. Am J Nephrol. 
2015;42(1):70–7.

 18. Kanigicherla D, et al. Anti-PLA2R antibodies measured by ELISA predict 
long-term outcome in a prevalent population of patients with idiopathic 
membranous nephropathy. Kidney Int. 2013;83(5):940–8.

 19. Hoxha E, et al. M-type phospholipase A2 receptor autoantibodies and 
renal function in patients with primary membranous nephropathy. Clin J 
Am Soc Nephrol. 2014;9(11):1883–90.

 20. Mahmud M, et al. Role of phospholipase A2 receptor 1 antibody level at 
diagnosis for long-term renal outcome in membranous nephropathy. 
PLoS ONE. 2019;14(9):e0221293.

 21. Hofstra JM, et al. Antiphospholipase A2 receptor antibody titer and 
subclass in idiopathic membranous nephropathy. J Am Soc Nephrol. 
2012;23(10):1735–43.

 22. van den Brand JA, Hofstra JM, Wetzels JF. Prognostic value of risk score 
and urinary markers in idiopathic membranous nephropathy. Clin J Am 
Soc Nephrol. 2012;7(8):1242–8.

https://docs.google.com/spreadsheets/d/1SEnBhbKIlKQ34M0jmPcwyuzBmmZRGIDT/edit?usp=sharing&ouid=113189677743360538320&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1SEnBhbKIlKQ34M0jmPcwyuzBmmZRGIDT/edit?usp=sharing&ouid=113189677743360538320&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1SEnBhbKIlKQ34M0jmPcwyuzBmmZRGIDT/edit?usp=sharing&ouid=113189677743360538320&rtpof=true&sd=true


Page 9 of 9Wang et al. BMC Nephrology          (2022) 23:306  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 23. Jullien P, et al. Anti-phospholipase A2 receptor antibody levels at 
diagnosis predicts spontaneous remission of idiopathic membranous 
nephropathy. Clin Kidney J. 2017;10(2):209–14.

 24. Kidney Disease: Improving Global Outcomes Acute Kidney Injury Work, G. 
KDIGO 2012 Clinical Practice Guideline for Acute Kidney Injury. Kidney Int. 
2012;2012(2):1–138.

 25. O’Keefe SJ, et al. FK-506- and CsA-sensitive activation of the interleukin-2 
promoter by calcineurin. Nature. 1992;357(6380):692–4.

 26. Bram RJ, et al. Identification of the immunophilins capable of mediating 
inhibition of signal transduction by cyclosporin A and FK506: roles of 
calcineurin binding and cellular location. Mol Cell Biol. 1993;13(8):4760–9.

 27. Zhang XJ, et al. Efficacy and safety of tacrolimus-based treatment for 
nephrotic idiopathic membranous nephropathy in young adults: A 
retrospective study. Kaohsiung J Med Sci. 2019;35(10):633–9.

 28. Zheng Q, et al. Comparative efficacy of 13 immunosuppressive agents 
for idiopathic membranous nephropathy in adults with nephrotic 
syndrome: a systematic review and network meta-analysis. BMJ Open. 
2019;9(9):e030919.

 29. Ruggenenti P, et al. Anti-Phospholipase A(2) Receptor Antibody Titer 
Predicts Post-Rituximab Outcome of Membranous Nephropathy. J Am 
Soc Nephrol. 2015;26(10):2545–58.

 30. Fervenza FC, et al. Rituximab or Cyclosporine in the Treatment of Mem-
branous Nephropathy. N Engl J Med. 2019;381(1):36–46.

 31. Hoxha E, et al. PLA2R antibody levels and clinical outcome in patients 
with membranous nephropathy and non-nephrotic range proteinuria 
under treatment with inhibitors of the renin-angiotensin system. PLoS 
ONE. 2014;9(10):e110681.

 32. Radice A, et al. Clinical usefulness of autoantibodies to M-type phospho-
lipase A2 receptor (PLA2R) for monitoring disease activity in idiopathic 
membranous nephropathy (IMN). Autoimmun Rev. 2016;15(2):146–54.

 33. Beck LH Jr, et al. Rituximab-Induced Depletion of Anti-PLA(2)R Autoan-
tibodies Predicts Response in Membranous Nephropathy. J Am Soc 
Nephrol. 2011;22(8):1543–50.

 34. Ramachandran R, et al. Serial monitoring of anti-PLA2R in initial PLA2R-
negative patients with primary membranous nephropathy. Kidney Int. 
2015;88(5):1198–9.

 35. Wei S-Y, et al. Serum Anti-PLA(2)R Antibody Predicts Treatment 
Outcome in Idiopathic Membranous Nephropathy. Am J Nephrol. 
2016;43(2):129–40.

 36. Bech AP, et al. Association of Anti-PLA(2)R Antibodies with Outcomes 
after Immunosuppressive Therapy in Idiopathic Membranous Nephropa-
thy. Clin J Am Soc Nephrol. 2014;9(8):1386–92.

 37. Medrano AS, et al. Prognostic value of the dynamics of M-type phospholi-
pase A2 receptor antibody titers in patients with idiopathic membranous 
nephropathy treated with two different immunosuppression regimens. 
Biomarkers. 2015;20(1):77–83.

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


	Anti-phospholipase A2 receptor antibody levels at diagnosis predicts outcome of TAC-based treatment for idiopathic membranous nephropathy patients
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Method
	Patients
	Date collection
	Evaluation criteria
	Statistical analysis

	Results
	Association between anti-PLA2R Ab levels and clinical remission
	Association between anti-PLA2R Ab levels and complication

	Discussion
	Acknowledgements
	References


