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 Background: Tacrolimus may be effective in the short-term treatment of idiopathic membranous nephropathy (IMN). However, 
it is not clear whether an electron microscopic classification of the homogeneous and heterogeneous types 
of nephrotic IMN is related to the efficacy of tacrolimus in patients with IMN. This study aimed to explore this 
question and to provide evidence for individualized patient treatment.

 Material/Methods: This 6-month retrospective study included 61 Chinese patients previously diagnosed with IMN. Patients re-
ceived treatment was tacrolimus plus glucocorticoid. The patients were divided into a homogeneous group and 
a heterogeneous group based on the evaluation of electron-dense deposits. The initial clinicopathologic fac-
tors in the 2 groups were analyzed, and the difference in efficacy of tacrolimus in the 2 groups was assessed. 
The factors predicting remission were also studied.

 Results: No significant alteration in the initial clinicopathologic status was found between the 2 groups, except for 
proteinuria, serum albumin levels, systolic blood pressure, and renal biopsy results (stages I/II/III/IV). After 3 
months of treatment, the difference in remission was not significant between the 2 groups. However, after 6 
months of treatment, a significant difference in remission rates was observed between the 2 groups. The bi-
nary logistic model showed that the homogeneous nephrotic IMN was independently associated with total re-
mission (partial plus complete remission), and was also related to complete remission.

 Conclusions: The results of our study revealed that the homogeneous type of nephrotic IMN had a higher short-term remis-
sion rate and a predictive value for partial or complete remission, and it might be a meaningful marker of the 
short-term response to tacrolimus.
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Background

Idiopathic membranous nephropathy (IMN) is the most com-
monly prevailing cause of nephrotic syndrome in middle-aged 
and elderly people [1]. However, in recent years, the incidence 
of IMN has tended to occur in a younger population. Clinically, 
IMN is characterized by the thickening of the glomerular cap-
illary basement membrane and the depositing of immune 
complexes in the subepithelial layer. Currently, its pathogen-
esis remains undiscovered, and its complete cure is difficult 
to achieve. An increased amount of attention has been paid 
to the role of M-type anti-PLA2R in the pathogenesis and pa-
tient response to therapy of IMN [2-6].

Previous studies have confirmed that glucocorticoid therapy 
alone is ineffective for treating IMN. Therefore, immunosup-
pressive agents in combination with glucocorticoid therapy are 
required. The development of IMN has been found to be di-
verse; therefore, the Kidney Disease Improving Global Outcomes 
guidelines [7] and Chinese Nephrotic Syndrome Work Group 
guidelines [8] currently recommend glucocorticoid and immu-
nosuppressive therapy only for “high-risk” patients, which in-
cludes patients with severe nephrotic syndrome, serum cre-
atinine significantly increased within 1 year of diagnosis, and 
hypotension and RAS inhibitor with urinary protein exceeding 
4 g/d for more than 6 months. Several clinical studies [9-12] 
have shown that tacrolimus has a high level of safety and ef-
ficacy in the treatment of IMN and can be used as the first-
choice alternative treatment with cyclophosphamide.

However, these guidelines lack renal pathology assessment 
indicators to aid in choosing treatment regimens. Many pre-
vious studies have highlighted the prognostic value of re-
sults of tubulointerstitial changes (fibrosis and cellular infil-
tration) [13-15], glomerular alterations with focal segmental 
sclerosis [16], and progressive histologic stage of electron-
dense deposits [17], which are III to IV, according to the cri-
teria of Ehrenreich et al [18]. Rosen et al [19] reported the di-
vision of subepithelial electron-dense deposits into 4 groups 
based on clinical and morphological configurations as short 
with 1 generation of deposits, short/repeated, long/rapid, and 
long/slow. Yokoyama et al [20] simplified this classification by 
combining the homogenous type with 1 generation of depos-
its, short/repeated, and long/rapid. They also designated the 
long/slow cases based on synchronicity and clinical course as 
the heterogeneous type. The authors’ further study indicated 
that the classification of electron microscope findings was a 
beneficial marker of the outcomes in membranous nephrop-
athy among their Japanese patients.

The results of studies in Chinese patients with IMN showed 
that tacrolimus was effective in short-term treatment [9-11]. 
In addition to clinical factors, it is still unclear whether an 

electron microscopic classification under the electron micro-
scope is related to the efficacy of tacrolimus combined with 
glucocorticoid therapy. Therefore, we retrospectively analyzed 
61 patients with nephrotic IMN, confirmed by renal biopsy. We 
analyzed the difference in remission rates between patients 
with homogenous and heterogeneous types of IMN within 6 
months of treatment to provide evidence for individualized 
IMN treatment, according to electron microscopic classification.

Material and Methods

Study population

This retrospective study included patient data from January 
2018 to October 2020. All eligible patients from the Guangxi 
Minzu Hospital, the Affiliated Minzu Hospital of Guangxi 
Medical University were screened according to the inclusion 
and exclusion criteria. Inclusion criteria were (1) patients over 
18 years old; (2) symptoms of nephrotic syndrome: 24-h urine 
protein >3.5 g/d, serum albumin <30 g/L, edema, and/or hy-
perlipidemia; (3) IMN confirmed by renal biopsy; (4) initial se-
rum creatinine levels <133 μmol/L; (5) antiproteinuric therapy 
with angiotensin-converting enzyme inhibitor (ACEI)/angioten-
sin receptor blocker (ARB) at least 3 months before the study, 
with no spontaneous remission or no response to treatment, 
and no previous treatment with tacrolimus and glucocorti-
coid; and (6) high-risk patients treated directly with tacrolim-
us and glucocorticoid during the study period. Exclusion crite-
ria were (1) current active infection or autoimmune disorder; 
(2) serum creatinine >133 μmol/L; (3) diabetes mellitus, tu-
mors, hepatic function test irregularities, or active peptic ulcer 
illness; and (4) secondary membranous nephropathy, such as 
lupus nephritis or membranous nephropathy related to ma-
lignancy or hepatitis B virus.

Because of limited capabilities at our hospital, our renal biop-
sy pathological specimens have been sent to the Guangzhou 
Huayin Medical Laboratory Center for electron microscope ex-
amination of renal pathology since January 2018. In total, we 
retrospectively enrolled 61 local Chinese patients, including 
23 women and 38 men, with an age range of 18 to 74 years. 
Written informed consent was obtained from all recruited pa-
tients before their renal biopsies were conducted and tacro-
limus with glucocorticoid therapy began. The study was ap-
proved by the Medical Ethics Committee of Guangxi Minzu 
Hospital (IRB approval No. [2020]18).

Treatment Regimens

During the study, ACEIs or ARBs were administered to a few 
patients for blood pressure control. All of the patients received 
anticoagulant drugs and statins.
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An initial dosage of tacrolimus of 2 mg daily (body weight 
£60 kg) or 3 mg daily (body weight >60 kg) was administered 
to the patients. The given dosage of tacrolimus was adjust-
ed based on measured serum values. During the first month 
of therapy, the patients visited the doctor every 2 weeks, and 
their tacrolimus dosage was adjusted based on serum con-
centration (5-10 ng/mL). A 0.5 mg/kg per day dosage of pred-
nisone was also administered to the patients. The dosage of 
tacrolimus was reduced gradually but was administered lon-
ger than prednisone.

Electron-Dense Deposition Types

During the study, 2 pathologists examined the renal tissue sam-
ples to make a diagnosis using standard pathological proce-
dures. Patient identity and disease status were not disclosed 
to the pathologists to ensure an independent diagnosis. The 
classification of patients into homogenous and heterogeneous 
groups was based on the criteria established by Yokoyama, et 
al [20]. The samples with synchronous electron-dense deposits 
with a single-stage were classified as the homogeneous type 
(44 patients) and samples with numerous stages of electron-
dense deposits were classified as the heterogeneous type (17 
patients) (Figure 1).

Clinical Data

The clinical data were collected before tacrolimus treatment 
and after 3 and 6 months of tacrolimus treatment. Levels of 
the 24-h urinary protein, serum creatinine, serum albumin, and 

serum cholesterol levels, and systolic and diastolic blood pres-
sure were collected before tacrolimus treatment. Similarly, the 
24-h urinary protein, serum creatinine, and serum albumin lev-
els were collected after 3 and 6 months of tacrolimus treatment.

Outcome Parameters

The end of the study was divided into 3 categories based on cu-
rative effects: complete remission, partial remission, or no re-
mission. A daily proteinuria level of less than 0.3 g and a normal 
serum creatinine concentration was classified as complete re-
mission. Partial remission was defined as a decrease of at least 
50% in daily proteinuria, with a serum albumin concentration of 
at least 30 g/L and stable renal function. No remission was de-
fined as a decrease in daily proteinuria of less than 50% and/or 
greater than 3.5 g per day of urinary protein. The efficacy of ta-
crolimus was evaluated at 3 months and 6 months of follow-up.

Statistical Analysis

The acquired data were evaluated using SPSS 16.0 software. 
The data were presented as mean±standard deviation, and an 
independent t test was used for comparing 2 groups, while 
ANOVA was used for comparing multiple groups. Qualitative 
data were presented as numbers (counts) and analyzed using 
the chi-squared or Fisher’s exact test. Binary logistic regres-
sion was utilized to evaluate the correlations among the clin-
icopathological factors and remission of nephrotic idiopath-
ic membranous nephropathy. A P value <0.05 was considered 
statistically significant.

A B

Figure 1.  Subtypes of idiopathic membranous nephropathy. (A) Homogeneous type (original magnification ×2000); (B) Heterogeneous 
type (original magnification ×2000).
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Results

Patients and Baseline Features at the Start of Tacrolimus 
Treatment

Table 1 shows the baseline clinicopathological features of the 
61 patients included in the study. Nephrotic syndrome was ex-
hibited by all patients at the start of their tacrolimus thera-
py. The early clinicopathological states were similar in the ho-
mogeneous and heterogeneous groups: age (52.20 years vs 
51.59 years); male/female ratio (30/14 vs 8/9); serum creat-
inine (81.82 μmol/L vs 85.88 μmol/L); diastolic blood pres-
sure (83.98 mmHg vs 90.12 mmHg); cholesterol (8.38 mmol/L 
vs 9.67 mmol/L); and ACEI/ARB used (26 cases vs 10 cases). 
The following variables differed between the homogeneous 
and heterogeneous groups: proteinuria (4.56 g/24-h vs 5.06 
g/24-h; P=0.042); serum albumin (24.71 g/L vs 22.01 g/L; 
P=0.014); systolic blood pressure (137.16 mmHg vs 147.94 
mmHg; P=0.037); basement membrane thickness (986.36 nm 
vs 1198.8 nm; P=0.005); and renal biopsy (I/II/III/IV; P =0.000).

Effect of Tacrolimus on Nephrotic IMN

The 61 patients diagnosed with nephrotic IMN were observed 
for 6 months after the start of therapy (Table 2). At the 3-month 
follow-up in the homogeneous group, 1 patient achieved clini-
cal complete remission, 17 patients showed partial remission, 
and 26 patients showed no remission. At the 3-month follow-
up in the heterogeneous group, no patients exhibited com-
plete remission, 4 patients showed partial remission, and 13 
patients showed no remission. The differences between the 
2 groups were not statistically significant (P=0.545). After 6 
months of treatment, in the homogeneous group, 12 patients 
achieved clinical complete remission, 27 patients showed partial 

remission, and 5 patients showed no remission. After 6 months 
of treatment, in the heterogeneous group, 2 patients achieved 
complete remission, 8 patients showed partial remission, and 
7 patients showed no remission. The differences between the 
2 groups were statistically significant (P=0.026). These find-
ings indicate that a higher remission rate was observed in the 
patients in the homogeneous group.

Factors Predicting Remission After Tacrolimus Treatment

The clinicopathological characteristics of patients with various 
responses (complete, partial, and no remission) to tacrolim-
us after 6 months of treatment are shown in Table 3. There 
were older patients, thicker basement membranes, increased 

Characteristics Homogeneous	(n=44) Heterogeneous	(n=17) P

Age (years)  52.20±10.45  51.59±14.95 0.856

Male/Female 30/14 8/9 0.127

Proteinuria (g/24 h)  4.56±0.82  5.06±0.87 0.042

Alb (g/L)  24.71±3.57  22.01±4.17 0.014

SCr (μmol/L)  81.82±25.87  85.88±30.77 0.604

Systolic pressure (mmHg)  137.61±18.37  147.94±12.29 0.037

Diastolic pressure (mmHg)  83.98±14.41  90.12±11.23 0.120

Cholesterol (mmol/L)  8.38±2.54  9.67±2.61 0.083

ACEI/ARB used (n) 26 10 0.985

Basement membrane thickness(nm)  986.36±247.40  1198.8±283.33 0.005

Renal biopsy (I/II/III/IV) (n) 2/36/6/0 2/4/11/0 0.000

Table 1. Baseline clinicopathological features of 61 patients with idiopathic membranous nephropathy.

Alb – albumin; Scr – serum creatinine.

Outcome
Homogeneous	

(n=44)
Heterogeneous	

(n=17)
P

Mo 3

CR 1 0

0.545PR 17 4

NR 26 13

Mo 6

CR 12 2

0.026PR 27 8

NR 5 7

Table 2.  Response to tacrolimus treatment in the homogeneous 
and heterogeneous groups.

Mo – Month; CR – complete remission; PR – partial remission; 
NR – no remission.
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levels of creatinine, and a higher number of heterogeneous 
types of IMN in the no remission group than in the other re-
mission groups. The male/female ratio, proteinuria, cholester-
ol, serum albumin, systolic blood pressure, and diastolic blood 
pressure at baseline were the same among the 3 remission 
groups. The percentage of patients receiving ACEI or ARB par-
allel with tacrolimus therapy was not different in the 3 groups 
of patients. Remission-associated factors were assessed in de-
tail in the logistic models (Table 4). In binary logistic analyses, 
the binary logistic model showed that the proportion of ho-
mogeneous type of INM was independently associated with 
total remission (partial plus complete remission) after tacroli-
mus treatment (odds ratio [OR] 4.795, 95% confidence inter-
val [CI] 1.145-20.075) and was independently associated with 
complete remission after tacrolimus therapy (OR 12.134, 95% 
CI 1.014-145.205), whereas age, serum creatinine, and base-
ment membrane thickness were not significant.

Discussion

In the pathogenesis and pathology of IMN, B and T lymphocytes 
play a significant role [21]. Tacrolimus has been used as thera-
py in nephrotic syndrome since 1990 to prevent graft rejection 
following organ transplantation. Tacrolimus forms a complex 
with the specific immunophilin, known as FK-506-binding pro-
tein 12, to impede calcineurin phosphatase and, thus, exerts 
its immunosuppressive effect by activating T-cell nuclear fac-
tor for the consecutive transcription of cytokines such as IL-2.

In China, in recent years, the incidence of IMN in renal biop-
sies of primary glomerular disease has increased. Hou et al [22] 
reported that the incidence of IMN increased from 10.4% in 
2003 to 2006 to 24.1% in 2011 to 2014. A study found that 
the increased risk of IMN was related to air pollution [23]. 
China is a populous country with many patients with IMN, and 
the clinical treatment schemes used in various medical units 
vary greatly. Around 30% to 50% of patients with IMN devel-
op chronic renal function or end-stage renal disease after 10 
to 15 years. Therefore, standardized guidelines are needed to 

Items NR	(n=12) PR	(n=35) CR	(n=14) P

Age (years)  58.58±6.79  52.06±10.04  46.36±16.12 0.027

Male/Female 6/6 25/10 7/7 0.233

Proteinuria (g/24 h)  4.97±0.99  4.59±0.76  4.73±0.99 0.429

Alb (g/L)  23.58±4.14  23.53±3.87  25.36±3.75 0.318

SCr (μmol/L)  101.00±33.35  83.43±25.48  66.29±12.47 0.004

Cholesterol (mmol/L)  9.62±2.54  8.54±2.63  8.48±2.61 0.428

Systolic BP (mmHg)  148.42±11.21  140.11±17.35  134.64±20.34 0.130

Diastolic BP (mmHg)  88.83±15.61  87.23±11.26  79.14±16.69 0.121

ACEI/ARB used (n) 8 21 7 0.679

Basement membrane thickness (nm)  61266.70±246.18  995.14±275.10  975.00±184.76 0.005

Homogeneous/heterogeneous 5/7 27/8 12/2 0.026

Table 3. Comparison of baseline clinicopathological features in patients with partial remission, complete remission, and no remission.

CR – complete remission; PR – partial remission; NR – no remission; Alb – albumin; Scr – serum creatinine.

Variables
Partial plus complete remission Complete remission

OR 95%	CI P-value OR 95%	CI P-value

Age (years) 0.951 0.887-1.020 0.161 0.954 0.898-1.014 0.132

SCr (μmol/L) 0.993 0.968-1.019 0.615 0.982 0.953-1.011 0.226

Basement membrane thickness (nm) 0.998 0.996-1.001 0.180 0.997 0.994-1.000 0.050

Homogeneous/heterogeneous 4.795 1.145-20.075 0.032 12.134 1.014-145.205 0.049

Table 4. Factors predicting remission after tacrolimus treatment in a binary logistic model.

Scr – serum creatinine; OR – odds ratio; CI – confidence interval.
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guide clinical treatment, improve prognosis, and achieve a sat-
isfactory curative effect. It is also necessary to further eval-
uate the relationship between clinicopathologic features and 
the efficacy of IMN therapies to provide individualized treat-
ment for patients.

Yoshimoto et al [24] and Yokoyama et al [20] conducted a ret-
rospective study in Japanese patients previously diagnosed 
with IMN and assessed the clinicopathologic factors. The pa-
tients were observed closely for 5 years, following initial re-
nal biopsy. The results indicated that the category of elec-
tron microscope findings was a beneficial marker of patient 
outcomes; an electron microscopic classification as hetero-
geneous type IMN or the deep subgroup type were indepen-
dent indicators of poor prognosis at initial biopsy. In another 
study, Yokoyama et al [25] revealed that a relatively low dose 
of intravenous immune globulin therapy for a short duration 
could be beneficial in the early onset of remission in homoge-
neous type IMN with electron microscope results of synchro-
nous electron-dense deposits.

Unfortunately, there are few studies on electron microscop-
ic classification and its relationship to the therapeutic effica-
cy for IMN. Also, the relationship between the efficacy of ta-
crolimus and electron microscopic classification has not been 
analyzed, and no subsequent studies have been published.

In the present study, we found that the patients with the het-
erogeneous type of IMN had more proteinuria, lower serum 
albumin levels, higher systolic blood pressure, a thicker base-
ment membrane, higher stages of pathology, and lower short-
term remission rates after tacrolimus treatment. However, the 
short-term remission rate was significant in the patients with 
homogenous type IMN. Our study showed the patients with 
homogeneous type IMN had a greater possibility of complete 
remission and total remission resulting from tacrolimus treat-
ment. However, female sex and proteinuria at baseline were 
not associated with the possibility of remission in the pres-
ent study, which is not consistent with the results of previous 
studies [26,27]. The difference in research conclusions may be 
due to differences in factors such as region, sample sizes, ge-
netic background, and treatment regimen. Therefore, the clas-
sification of electron microscope findings was a meaningful 
marker of the short-term efficacy of tacrolimus in nephrotic 
IMN and could assist in making therapeutic decisions. In the 
future, whether tacrolimus with glucocorticoid should be rec-
ommended as the preferred treatment for patients with the 
homogenous type of IMN needs to be confirmed by addition-
al randomized controlled studies.

IMN can be successfully diagnosed by anti-PLA2R antibody lev-
els, which play an important role as a biomarker [2,3]. Several 
studies have suggested that the anti-PLA2R antibody titers of 
patients with IMN were associated with proteinuria and re-
sponse to therapy [4-6]. Lambeau, et al [28] found that there 
were multiple antigenic epitopes in the cysteine-rich, C-type 
lectin domain 1 and C-type lectin domain 7 domains against 
PLA2R, and the expression of epitopes was correlated with 
clinical features and disease outcome. The detection of au-
toantibodies to different antigenic epitopes is helpful to bet-
ter evaluate the clinical severity of the disease and predict its 
prognosis, and it might be a significant indicator to guide the 
type of therapy for IMN. But it is not clear whether the differ-
ence of electron-dense deposition patterns is related to the 
epitope spreading of an autoantibody response to PLA2R. Since 
the anti-PLA2R antibody was not involved in our study, we can-
not reach a conclusion regarding its value, but it is necessary 
to address this question in future research.

There are several limitations to this study. Our study was a 
retrospective and observational study, with a small number of 
patients and a short follow-up time. Furthermore, no research 
on the mechanism of IMN was conducted. In the future, it will 
be necessary to include more cases, extend the follow-up pe-
riod, carry out prospective randomized controlled studies, and 
conduct research on the relationship between epitope spread-
ing of autoantibody response to PLA2R and electron-dense de-
position patterns.

Conclusions

In conclusion, our results indicated that patients with the ho-
mogeneous type of nephrotic IMN, with a synchronous phase 
of electron-dense deposits, had a higher short-term remission 
rate. The classification of homogeneous IMN had a predictive 
value for partial or complete remission. Thus, homogeneous 
status may be a meaningful marker of the short-term response 
to tacrolimus treatment.
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