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Introduction
Idiopathic membranous nephropathy (IMN) is a common 

cause of nephrotic syndrome in adults. Previous investigations at 
home and abroad reported that IMN accounts for approximately 
1/3 of nephrotic syndrome with the highest percentage [1]. 
After immune therapy, partial IMN patients obtain no evident 
remission and eventually progress into end-stage renal disease. 
The exact pathogenesis of IMN remains to be fully elucidated by 
detection parameters with high sensitivity and specificity. Recent 
investigations have demonstrated that the peripheral levels of 
ICOS (+) and PD-1 (+) Tfh cells are significantly up-regulated in 
IMN patients, which can be utilized to predict the development 
and progression of IMN [2], prompting that cellular immunity 
disturbance probably plays a vital role in the pathogenesis of IMN. In 
recent years, the Th17/ Treg balance, which is different from CD4+ 
T-helper lymphocyte subset of Th1 and Th2, has been identified to  

 
play an influential role in the regulation of host immune tolerance, 
resistance of rejection reaction, infection, malignant tumor, 
inflammation and alternative diseases [3]. 

Multiple studies [4-5] have suggested that Th17 and its 
primary secretion IL-17 are involved with the pathogenesis of 
lupus nephritis, crescentic glomerulonephritis and proliferative 
glomerulonephritis, etc. Previous investigations have demonstrated 
that the peripheral Treg% in IMN patients is significantly lower 
compared with that in the healthy controls. After rituximab 
monoclonal antibody therapy, peripheral Treg% is elevated, which 
is intimately correlated with clinical efficacy [6]. Nevertheless, 
whether Th17/Treg imbalance exists in IMN patients and its 
correlation with the progression and clinical prognosis of IMN 
patients has been rarely reported. Cyclosporin A (CsA) is a highly 
selective potent immunosuppressive agent, which can effectively 
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Abstract 

Objective: To investigate the variation and effect of peripheral Th17 and regulatory T (Treg) cells upon the clinical prognosis of idiopathic 
membranous nephropathy (IMN) patients after cyclosporin A (CsA) treatment. 

Methods: Twenty-four IMN patients with 24-hour urinary protein level ≧ 4g were recruited. According to 24-hour urinary protein levels, 
all patients were assigned into the high-and middle-risk groups. All enrolled patients received standardized treatment of prednisolone acetate 
in combination with CsA. The Treg and Th17 frequencies were measured by flow cytometry. Serum cytokines were detected by enzyme-linked 
immunosorbent assay. Serum albumin and 24-hour urinary protein were measured by fully automatic biochemical analyzer. 

Results: Compared with the healthy controls, Th17%, levels of IL-17 and TNF-α were up-regulated, whereas Treg% and TGF-β level were 
down-regulated in the peripheral blood of IMN patients. This imbalance was more pronounced in the high-risk group compared with middle-risk 
groups. The 24-hour urinary protein level was positively correlated with Th17% and Th17/Treg ratio, whereas negatively correlated with Treg%. 
After 6-month treatment, Peripheral Th17 frequency, IL-17 and TNF-α level decreased, whereas Treg frequency and TGF-β level increased in the 
effective group (all P<0.05). No significant changes were found in the ineffective group. Conclusion: IMN patients present with peripheral Th17/
Treg imbalance, which is correlated with the severity of IMN. CsA treatment is an effective approach to improve peripheral Th17/Treg imbalance in 
IMN patients, which is associated with the clinical efficacy of CsA treatment. Monitoring the variations in peripheral frequency of Treg and Th17 is 
of significance for evaluation of the severity of IMN and clinical efficacy.
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inhibit the proliferation and activation of T lymphocytes. Current 
studies [7,8] have reported that use of CsA exerts significant effect 
upon the Th17/Treg ratio in patients with autoimmune diseases 
and after organ transplantation. In addition, the variation in Th17/
Treg ratio is probably correlated with clinical efficacy. However, the 
effect of CsA therapy upon the changes in Th17/Treg ratio in IMN 
patients has been seldom reported. Consequently, this study was 
designed to investigate the changes in Th17/Treg ratio before and 
after CsA therapy and its correlation with clinical prognosis of IMN 
patients. 

Materials and methods 
Baseline Data 

Twenty-four IMN patients with 24-hour urinary protein level 
≧ 4g admitted to our hospital between September 2015 and 
October 2016 were recruited in this clinical trial. The mean age of 
the patients was 48.83±4.92 years (range 20-77 years), 15 male 
and 9 females. All patients were pathologically diagnosed with 
membranous nephropathy via renal biopsy. The possibility of 
alternative secondary membranous nephropathy was excluded. 
All enrolled patients were administered with hormone (0.5 mg/
kg*d) in combination with CsA (3-5 mg/kg*d). The blood drug 
concentration of CsA was monitored and maintained to the 
standard range of 100-180 ng/ml. According to the KDIGO guideline 
approach, all patients were divided into the high- and middle-
risk groups according to quantitative analysis of 24-hour urinary 
protein. In the middle-risk group, the renal function was normal, 
and the albuminuria level ranged from 4 g/24 h to 8 g/24 h. In the 
high-risk group, renal insufficiency or kidney atrophy was noted, 
and the albuminuria level exceeded 8 g/24h. Quantitative analysis 
of 24-hour urinary protein was utilized as a parameter to evaluate 
the clinical efficacy. 

Inclusion criteria were as follows: 

a) patients of both genders aged ≥ 18 years; 

b) those pathologically diagnosed with membranous 
nephropathy via renal biopsy; 

c) those diagnosed with IMN for the first time and 
had no medical history of cyclophosphamide,Cys A or 
immunosuppressive agent use. 

Exclusion criteria were as below: 

a) patients complicated with infection, malignant tumor, 
hypertension and diabetes mellitus, etc.; 

b) pregnant women. Twelve age- and gender-matched 
healthy controls, 7 male and 5 females were recruited in this 
clinical trial. 

All enrolled individuals had no short-term history of immune or 
infectious diseases. All patients had signed the informed consents 
and completely cooperated with the study procedures.

Methods
A portion of 8-20 ml of fasting venous blood samples were 

collected from both the IMN patients and healthy controls before 
and 6 months after corresponding treatment. The plasma was 

separated from the cells within 2 h after blood sampling collection. 
The serum levels of ALB and 24-hour urinary protein were detected 
by fully automatic biochemical analyzer. The expression levels of IL-
17, TNF-α and TGF-β were quantitatively measured by ELISA. The 
serum Th17% and Treg% were detected and calculated by flow 
cytometry.

Statistical Analysis 
SPSS 20.0 software package was utilized for statistical analysis. 

Measurement data were expressed as mean ± standard deviation 
and analyzed by using t-test. Enumeration data were expressed in 
percentage and statistically processed by chi-square test. A P value 
of less than 0.05 was considered as statistical significance. 

Results 
Baseline Data 

Baseline data of the IMN patients and healthy controls were 
illustrated in Table 1. No statistical significance was identified in 
gender, age and renal function between two groups (both P>0.05). 
However, quantitative test of 24-hour urinary protein was higher 
while serum albumin levels was lower in IMN patients (both 
P<0.05).

Table 1: Baseline data of the enrolled study subjects.

     IMN patients 
(n=24)

healthy control 
(n=12)

Sex (male: female) 15/9 7/5

Age (year) 48.21±8.69 48.55±5.82

24-hour urinary protein (g) 6.82±3.89* 0.10±0.02

Serum ALB levels (g/L) 25.44±4.91* 40.55±3.21

Creatinine clearance (ml/
min) 91.50±4.13 97.70±3.82

 *P＜0.05 vs. heathy control             

Leukocyte Counts and Cytokine Concentration in IMN 
Patients

 Compared to healthy group, IMN group exhibited higher 
Th17% (1 .15±0.62% vs. 0.77±0.22%, P<0.05), and lower Treg% 
(0.96±0.59% vs. 1.67±0.52%, P<0.05) (Table 2). The related 
cytokine concentrations IL-17and TNF-a in IMN group is higher 
(56.02±9.54 vs. 43.6±8.81 and 149.8±13.09 vs. 36.51±7.79, 
P<0.05) while TGF-β is lower than healthy group (678.14±238.49 
vs. 947.51±298.42, P<0.05) (Table2). 

Table 2: Leukocyte counts and cytokine concentration between 
groups.

IMN patients (n=24) healthy control (n=12)

IL-17(pg/ml) 56.02±9.54* 43.6±8.81

TNF-α (pg/ml) 149.8±13.09* 36.51±7.79

TGF-β(pg/ml) 678.14±238.49* 947.51±298.42

Th17% 1 .15±0.62* 0.77±0.22

Treg% 0.96±0.59* 1.67±0.52

Th17/Treg 1.15±0.33* 0.41±0.18

*P＜0.05 vs. heathy control
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Relationship between Stratified Analysis of the Risk of 
IMN and Peripheral Th17 and Treg Cell Levels 

According to the 24-hour urinary protein level, all IMN patients 
were divided into middle- and high-risk groups. As illustrated in 
Table 3, the peripheral Th17% and Th17/Treg ratio in the middle- 
risk groups were significantly up-regulated while the peripheral 
Treg% was considerably down-regulated compared with normal 
control group (all P<0.05), especially evident decline was noted in 
the high-risk group (all P<0.05). 

Table 3: Peripheral Th17 and Treg cell levels and cytokine 
concentration in patients with different risk of IMN.

middle risk 
(n=9)

high risk   
(n=15)  

healthy 
control 
(n=12)

IL-17(pg/ml) 52.78±7.54* 59.33±9.22*# 43.6±8.81

TNF-α (pg/ml) 149.8±13.09* 155.69±17.29*# 36.51±7.79

TGF-β (pg/ml) 692.21±248.28* 574.22±197.15*# 947.51±298.42

Th17% 0.96±0.54* 1.82±0.60*# 0.77±0.22

Treg% 1 .33±0.46* 1.12±0.41*# 1.67±0.52

Th17/Treg 1.75±0.62* 0.77±0.54*# 0.41±0.18

*P＜0.05 vs. healthy control, #P＜0.05 vs. middle risk.

Relationship between 24-hour Urinary Protein Level 
and Peripheral Th17 and Treg Cell Levels in IMN Patients 

Correlation analysis between 24-hour urinary protein level and 
Th17 (Figure 1), Treg (Figure 2) and Th17/Treg ratio (Figure 3). 
As illustrated in Figure 4, the 24-hour urinary protein level was 
positively correlated with peripheral Th17% and Th17/Treg ratio, 
and negatively correlated with peripheral Treg% in IMN patients 
(all P<0.05). 

Figure 1.

Figure 2.

Figure 3.

Figure 4: Correlation analysis between 24-hour urinary 
protein level and Th17 (Figure A), Treg (Figure B) and 
Th17/Treg ratio (Figure C).

Changes in clinical parameters and peripheral Th17, 
Treg and Th17/Treg ratio in IMN patients before and 
after CsA treatment 

As illustrated in Table 4, the 24-hour urinary protein level, 
peripheral Th17%, IL-17 and TNF-α levels were significantly down-
regulated, whereas the serum albumin level,peripheral Treg% and 
TGF-β level were remarkably up-regulated in IMN patients after 
CsA therapy for 6 months (all P<0.05).

Table 4: Changes in clinical parameters and peripheral Th17, 
Treg and relevant cytokines in IMN patients after CsA treatment.

IMN patients before 
CsA treatment 

(n=24)

IMN patients after 
CsA treatment 

(n=24)

24Upro(g) 6.82±3.89* 4.36±2.35

Alb(g/L) 25.44±4.91* 32.46±3.24

IL-17(pg/ml) 56.02±9.54* 44.33±6.88

TNF-α (pg/ml) 149.8±13.09* 99.14±10.3

TGF-β1(pg/ml) 678.14±238.49* 792.88±230.18

Th17% 1.15±0.33* 0.92±0.84

Treg% 1.26±0.48* 1.55±0.41

Th17/Treg 1.15±0.33* 0.69±0.36
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*P<0.05 vs. before treatment#P<0.05 vs. after treatment.

Changes in Clinical Parameters and Peripheral Th17, 
Treg and Relevant Cytokines in Sub-Group of IMN 
Patients After CsA Treatment 

patients were assigned into the effective and ineffective groups 
according to the serum levels of Alb and 24-hour urinary protein. 
As illustrated in Table 5, In the effective group, the 24-hour urinary 

protein level, peripheral Th17%, IL-17 and TNF-α levels were 
significantly down-regulated, whereas the serum level of Alb, 
peripheral Treg% and TGF-β were considerably up-regulated after 
CsA treatment (all P<0.05). In the ineffective group, the 24-hour 
urinary protein level, serum level of Alb, peripheral Th17%, Treg%, 
IL-17, TNF-α and TGF-β levels did not significantly differ before and 
after CsA treatment (all P>0.05). 

Table 5: Changes in clinical parameters and peripheral Th17, Treg and relevant cytokines in sub-group of IMN patients after CsA 
treatment.

Effective Group （n=18） Ineffective Group (n=6)

Before treatment After treatment Before treatment After treatment

24-hour urinary protein(g/24h) 6.82±3.89# 4.64±2.63*# 9.06±2.35# 8.75±3.35#

Alb(g/L) 29.44±4.91# 32.21±6.50* 23.44±3.24# 24.48±4.09#

IL-17(pg/ml) 52.90±10.4# 43.15±7.34* 63.43±8.65# 61.63±12.08#

TNF-α (pg/ml) 123.8±7.91# 81±6.5* 179.5±12.6 175±5.14#

TGF-β (pg/ml) 869.15±369.21# 654.21±158.23*# 1032.98±542.60# 986.21±593.77#

Th17% 1 .05±0.54# 0.81±0.43* 1 .38±0.68# 1.36±0.51#

Treg% 1.11±0.60# 1.64±0.39* 0.88±0.39# 0.91±0.41#

Th17/Treg 0.99±0.48# 0.45±0.22* 1.57±0.44# 1.47±0.37#

*P<0.05 vs. before treatment；#P<0.05 vs. after treatment.

Figure 5 Typical flow cytometry diagrams of peripheral Th7 
and Treg cell levels in IMN patients before and after CsA treatment 

Figure 5: Typical flow cytometry diagrams of peripheral 
Th7 and Treg cell levels in IMN patients before and after 
CsA treatment.

Discussion
At present, the pathogenesis of idiopathic membranous 

nephropathy (IMN) is that the circulating autoantibody recognizes 
the target antigen of glomerular podocytes. After the antigen-
antibody binding, an immune complex forms subepithelially, which 
activates the complement to form membrane-attack complex, 
induces basement membrane and glomerular filtration barrier 
injury and generates albuminuria [9]. Until now, no biomarker 
has been applied to monitor the immune activity in IMN patients 
in clinical practice. Recent investigations have demonstrated that 

the pathogenesis of IMN is correlated with the immune disorder 
of T/B lymphocytes. Zhihong Liu et al. reported that the quantity 
of multiple immunologically competent cells significantly alters in 
IMN patients, manifested as decrease in Treg, increase in B cells and 
elevated CD4/CD8 ratio [10]. Masutani et al. [11] employed flow 
cytometry to quantitatively analyze the ratio of each cell subset and 
found that the quantity of IL-4+T cells is significantly up-regulated, 
whereas the Th1/Th2 ratio is considerably down-regulated in the 
IMN patients compared with the normal controls. 

In addition, the serum level of IL-4 is intimately correlated 
with the quantity of urinary protein. The immune responses 
of T lymphocytes dominated by Th1 down-regulation and Th2 
polarization disrupt the host immune balance, which probably 
promotes the incidence of IMN. As the CD4+T cell subset, Treg and 
Th17 cells have been proven to differ from Th1 and Th2. Th17/Treg 
balance plays a pivotal role in maintaining immune homeostasis 
and preventing the occurrence of autoimmune diseases [12]. 
Consequently, we attempted to investigate the effect of Th17/
Treg imbalance upon the pathogenesis of IMN and its variation 
before and after CsA treatment, aiming to provide guidance to 
the evaluation of IMN severity and assessment of clinical efficacy 
from the perspective of regulating immune imbalance during 
inflammation. In this study, the serum levels of IL-17 and TNF-α, 
and Th17% in IMN patients were significantly higher, whereas the 
peripheral Treg% and TGF-β level than those in normal controls. 

This suggests severe T lymphocyte-dependent immune 
dysfunction existed in IMN patients. The Th17/Treg immune 
imbalance induced by decrease of Treg cells and increase of Th17 
cells is probably intimately correlated with the progression of IMN. 
Treg plays a negative regulatory role in the T cell-mediated immune 
response by suppressing the proliferation of CD4+T lymphocytes 
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and the secretion of cytokines (mainly IL-2). Besides, Treg can 
inhibit the activation of Th cells by antigen-presenting cells, 
suppress the activation of B cells by Th and represss the production 
of autoantibody by B cells, thereby mitigating the immune complex-
mediated injury to the tissues [13]. Thus, downregulation of 
Treg cells may active immune system and promote pathological 
reaction in the pathogenesis of IMN. In recent years, Th17 has been 
identified as a vital CD4+T cell subset. Th17 cells can specifically 
express nuclear transcription factor ＲOＲ γ t, secrete IL-17, TNF-α, 
IL-6 and IL-23, and participate in inflammatory response and tissue 
injury [14]. 

Cytokines secreted by Th17 cells can collectively mobilize, 
gather and activate neutrophils and mediate inflammatory 
reactions. Appropriate reactions can prevent tissue necrosis and 
pyemia, but it may cause tissue destruction and immune dysfunction 
if the response is too strong. therefore, the relative balance of Treg 
to Th17 is critical for maintening immune tolerance and preventing 
inflammatory lesions [15]. In this study, Th17 cell and the levels 
of IL-17, TNF-α and IL-6 were up-regulated in IMN patients, 
prompting that IMN initiates the Th17-type immune response 
probably through the release of IL-17, TNF-α and alternative pro-
inflammatory cytokines, thereby provoking regional kidney tissue 
inflammation and up-regulating the expression of IL-6, MCP-1 
and other pro-inflammatory cytokines and chemokines. Further 
subgroup analysis revealed that Th17% and Th17/Treg ratio were 
higher while Treg% was lower in midille risk group when compared 
to nomal control group, this change was most significant in high 
risk group.

A Treg/Th17 cell imbalance was found to correlate with 
24hours total urine protein, and the patients with a greater 
Treg/Th17 imbalance had more 24hours total urine protein. We 
suggest that simultaneous Th17 cell upregulation and Treg cell 
downregulation may lead to progression of IMN through immune-
mediated injury, and a greater Treg/Th17 imbalance is associate 
with prognosis. Therefore, immunotherapy with the goal of 
decreasing the inflammations caused by Treg/Th17 imbalances 
may have a protective effect in patients with IMN. As a common 
drug for membranous nephropathy, CsA can be utilized as the 
initial treatment of IMN or alternative therapy if other medications 
are ineffective. The primary mechanism underlying the decrease 
of albuminuria is to inhibit immune response, selectively suppress 
the activation of T cells, repress the production of IL-2, inhibit 
the secretion of calcineurin, block the dephosphorylation of 
synaptopodin induced by calcineurin and stabilize the cytoskeleton 
of kidney podocyte, thereby reducing the generation of protein [16]. 

Previous studies [17,18] have reported that administration 
of CsA exerts a significant effect upon immune diseases and after 
organ transplantation, which is possibly associated with clinical 
efficacy. 

In this study, the variation in Th17/Treg ratio in IMN patients 
was observed before and after CsA treatment. In the effective 
group, the level of Th17 was significantly down-regulated, whereas 
the level of Treg was considerably up-regulated after CsA therapy, 

hinting that CsA probably affects clinical efficacy and prognosis 
of IMN patients by regulating the Th17/Treg immune imbalance. 
Moreover, Th17/Treg ratio did not significantly alter after CsA 
therapy in the ineffective group, prompting that Th17/Treg ratio 
can be used to evaluate the severity of IMN and clinical prognosis. 
Taken together, IMN patients present with peripheral Th17/Treg 
imbalance, which is correlated with the severity of IMN. CsA therapy 
is an efficacious approach to improve the peripheral Th17/Treg 
imbalance, which is linked to the clinical efficacy of CsA treatment. 
Dynamic monitoring of the variation in the peripheral levels of Treg 
and Th17 contributes to evaluate the severity of IMN and assess the 
clinical efficacy. 
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