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Abstract
BACKGROUND
Idiopathic membranous nephropathy (IMN) has a high incidence in the middle-aged and elderly population, and poses a great threat to the physical and mental health and quality of life of patients. Nephritis Rehabilitation Tablets have many potential effects, such as clearing residual toxins, tumefying the kidney and spleen, replenishing qi, and nourishing yin, and have played an important role in the treatment of a variety of kidney diseases.

AIM
To investigate the efficacy and safety of Nephritis Rehabilitation Tablets combined with tacrolimus in the treatment of IMN.

METHODS
Eighty-four patients with IMN recruited from January 2017 to September 2020 were randomly divided into a study group (n = 42) and a control group (n = 42). On the basis of routine symptomatic treatment, both groups were treated with tacrolimus, and the study group was additionally treated with Nephritis Rehabilitation Tablets. Both groups were treated for 12 wk. The therapeutic effect, the levels of renal function indexes [serum creatinine (Scr), serum albumin, and 24-h urinary protein], urinary immunoglobulin (IgG4), membrane attack complex (C5b-9), and the incidence of adverse reactions were measured before and after 12 wk of treatment.

RESULTS
The total effective rate in the study group was significantly higher than that of the control group. Before treatment, there was no significant difference in Scr, serum albumin, or 24 h urinary protein between the two groups. After 12 wk of treatment, the levels of Scr and 24-h urinary protein in both groups were significantly lower and serum albumin was significantly higher than those before treatment (P < 0.05), and the levels of Scr and 24-h urinary protein were significantly lower (P = 0.003 and 0.000, respectively), and the level of serum albumin was significantly higher (P = 0.00) in the study group than in the control group. Before treatment, there was no significant difference in urinary IgG4 and C5b-9 levels between the study group and the control group (P = 0.336 and 0.438, respectively). After 12 wk of treatment, the levels of urinary IgG4 and C5b-9 in the two groups were lower than those before treatment, and the levels of urinary IgG4 and C5b-9 in the study group were significantly lower than those in the control group (P = 0.000). There was no significant difference in the incidence of adverse reactions between the two groups (P = 0.710).

CONCLUSION
Based on routine intervention, Nephritis Rehabilitation Tablets combined with tacrolimus in the treatment of IMN can effectively improve the renal function of patients and downregulate the expression of urinary IgG4 and C5b-9. In addition, they can improve the overall therapeutic effect while not increasing the risk of adverse reactions.
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Core Tip: Generally, Nephritis Rehabilitation Tablets combined with tacrolimus in the treatment of idiopathic membranous nephropathy can effectively improve the renal function of patients and downregulate the expression of urinary IgG4 and C5b-9. In addition, they can help to improve the overall treatment effect while not increasing the risk of adverse reactions.

INTRODUCTION
Idiopathic membranous nephropathy (IMN) is a common pathological type of primary nephrotic syndrome. It has a high incidence in the middle-aged and elderly population, and poses a great threat to the physical and mental health and quality of life of patients[1,2]. The incidence of IMN has continued to increase in recent years, and safe and effective treatments are of significant research interest.
Glucocorticoid therapy alone has difficulty achieving ideal effects in IMN, and comprehensive intervention combined with immunosuppressants is usually needed[3]. Cyclophosphamide is commonly used in IMN and can achieve certain therapeutic effects, but the incidence of adverse reactions is high. Tacrolimus is a new calcineurin inhibitor that can effectively improve renal function with low dose and high safety. However, the overall therapeutic effect is still different from that expected in the clinic[4-6].
Attention has been given to the adjuvant therapeutic effects of traditional Chinese medicine Nephritis Rehabilitation Tablets in recent years. Nephritis Rehabilitation Tablets have many potential effects, such as clearing residual toxins, tumefying the kidney and spleen, replenishing qi, and nourishing yin, and have played an important role in the treatment of a variety of kidney diseases. In the present study, 84 patients with IMN at our hospital were selected and divided into groups to explore the therapeutic value of Nephritis Rehabilitation Tablets with tacrolimus.

MATERIALS AND METHODS
General data
Eighty-four patients with IMN were recruited from our hospital from January 2017 to September 2020 and were randomly divided into a study group (n = 42) and a control group (n = 42). In the study group, there were 27 males and 15 females, the age ranged from 46 to 77 years (mean, 61.56 ± 7.11 years), the course of disease ranged from 3.5 to 41.1 mo (mean, 22.29 ± 10.32 mo), and the disease stage was stage I (n = 23) or stage II (n = 19). In the control group, there were 29 males and 13 females, the age range was 45-79 years old with an average age of 62.01 ± 6.89 years, the course of disease range was 3.2-40.6 mo with an average of 21.91 ± 11.21 mo, and the disease stage was stage I (n = 24) or stage II (n = 18). The clinical data, including sex, age, course of disease, and stage of disease, were comparable between the two groups (P > 0.05).

Selection criteria
The inclusion criteria were: (1) The diagnosis of IMN was confirmed by renal puncture pathological examination, and the pathological stage was I or II; (2) age less than 80 years; (3) patients who were informed of the study and signed the consent form; (4) serum creatinine (Scr) < 133 umol/L; and (5) urinary protein ≥ 4 g/24 h. 
The exclusion criteria were: (1) Patients with acquired immunodeficiency syndrome, hepatitis C, hepatitis B, etc., who are unable to take immunosuppressant or hormone therapy; (2) patients with malignant tumor; (3) patients with severe infection; (4) patients with coagulation dysfunction; and (5) patients with allergic constitution or history of allergy to research drugs.

Methods
Both groups of patients were given routine symptomatic treatment after admission, including lipid reduction, anticoagulation, blood pressure reduction, diuresis and detumescence, and oral prednisone acetate tablets 0.5 mg/kg once a day (8 wk after treatment, the dose was reduced by 10% at an interval of 2 wk to a maintenance therapy of 10-15 mg/d). On this basis, different treatment schemes were adopted: The control group was treated with tacrolimus orally at 0.05-0.1 mg/kg/d twice a day, and blood trough concentration was maintained at 4-8 ng/L; the study group was treated with Nephritis Rehabilitation Tablets orally at 1.5 g three times a day in addition to the standard treatment of the control group. Both groups were treated for 12 wk.

Evaluation of therapeutic effects
After 12 wk of treatment, the therapeutic effects of the two groups were evaluate: Normalization of the levels of serum albumin and Scr and 24-h urinary protein < 0.3 g were considered as complete remission; 24-h urinary protein decreased by ≥ 50% or total < 1.0 g, normalization of serum albumin, and the increase or decrease of Scr ≤ 30% were considered as partial remission. The total effective rate was calculated as (complete remission + partial remission)/total cases × 100%[7]. The indexes of renal function (Scr, serum albumin, and 24-h urinary protein) were measured before treatment and after 12 wk of treatment. The levels of urinary immunoglobulin (IgG4) and membrane attack complex (C5b-9) in the two groups were measured before and after 12 wk of treatment. Mid-stream urine was taken and put into a clean container and stored at -20 ℃ for detection. The level of urinary C5b-9 was determined by enzyme-linked immunosorbent assay (ELISA), and the level of IgG4 was determined by double antibody sandwich ELISA. The incidence of adverse reactions in the two groups was measured.

Statistical analysis
The data were analyzed with SPSS 22.0. Continuous data are described as the mean ± SD and were compared by the t-test. Categorical data are described as frequency and constituent ratio (%) and were tested by the χ2 test. A nonparametric test was used to compare the continuous data that do not meet a normal distribution. P < 0.05 indicated that the difference was statistically significant.

RESULTS
Therapeutic effects
The total effective rate of the study group (90.48%) was significantly higher than that of the control group (71.43%, P = 0.026; Table 1).

Renal function indexes
Before treatment, there was no significant difference in Scr, serum albumin, or 24 h urinary protein between the study group and the control group (121.97 ± 40.36 µmol/L vs 124.55 ± 38.68 µmol/L, 24.21 ± 2.35 g/L vs 23.64 ± 2.51 g/L, 7.41 g ± 2.19 g vs 7.69 ± 2.32 g; P = 0.766, 0.286, and 0.571, respectively). After 12 wk of treatment, the quantitative levels of Scr and 24-h urinary protein in the two groups were significantly lower than those before treatment, and the level of serum albumin was significantly higher than that before treatment (P < 0.05). The levels of Scr and 24-h urinary protein in the study group (86.23 ± 21.61 µmol/L and 1.63 ± 0.59 g, respectively) were significantly lower than those in the control group (101.55 ± 23.67 g µmol/L and 2.89 ± 0.79 g; P = 0.003 and 0.000, respectively), and the level of serum albumin in the study group (36.69 ± 3.69 g/L) was significantly higher than that in the control group (31.26 ± 3.35 g/L, P = 0.00; Table 2).

Urinary IgG4 and C5b-9 levels
Before treatment, there was no significant difference in urinary IgG4 or C5b-9 level between the study group (14.67 ± 2.39 µg/mmol and 83.79 ± 10.66 ng/mg, respectively) and the control group (15.13 ± 2.53 µg/mmol, and 85.65 ± 11.20 ng/mg; P = 0.336 and 0.438, respectively). After 12 wk of treatment, the levels of urinary IgG4 and C5b-9 in the two groups were lower than those before treatment, and the levels of urinary IgG4 and C5b-9 in the study group (1.45 ± 0.29 µg/mmol and 44.81 ± 9.10 ng/mg, respectively) were significantly lower than those in the control group (3.13 ± 0.71 µg/mmol and 55.37 ± 10.23 ng/mg; P = 0.000 and 0.000, respectively; Table 3).

Incidence of adverse reactions
There was no significant difference in the incidence of adverse reactions between the study group (11.90%) and the control group (7.14%, P = 0.710; Table 4).

DISCUSSION
The incidence of IMN can account for more than 80% of nephrotic syndromes, and it can occur at any age. Most patients have different degrees of thrombosis and proteinuria, and 30% of patients' symptoms can be relieved by themselves. However, 50% of patients’ conditions progress rapidly and can progress to end-stage kidney disease within 10 years, which is a great threat[8,9]. As a consequence, targeted treatment should be given quickly after the onset of IMN.
Glucocorticoids are an important therapeutic drug for IMN. However, hormone therapy alone has difficulty achieving ideal results. Relevant statistics show that the incidence of renal insufficiency in IMN patients without immunosuppressant can reach 40%. The combination of hormone and immunosuppressant therapy can effectively relieve clinical symptoms, improve renal survival, and inhibit the progression of renal insufficiency[10,11]. Cyclophosphamide is the most commonly used immunosuppressant in the clinic and can block the synthesis of DNA in cells to achieve immunosuppression. Combined with hormones, it can enhance hormone sensitivity and improve drug efficacy. However, the incidence of adverse events such as gonadal inhibition, liver function injury, and myelosuppression is high, resulting in significant limitations in its clinical application[12]. Tacrolimus is a new type of immunosuppressant that can interfere with calcium-dependent signal transduction, increase calcium influx, prevent dephosphorylation of activated T nuclear factors and transcription of inflammatory factors, and inhibit T cell proliferation. Lymphocyte aggregation is prevented in the early stage of the immune reaction and thus plays a therapeutic role[13,14]. In addition, the value of adjuvant therapy with traditional Chinese medicine in IMN has received widespread attention in recent years. There is no record of the name of IMN in traditional Chinese medicine, but according to its characteristics, it is classified into the categories of "edema" and "turbid urine". It is considered that the pathological mechanism of the disease lies in the deficiency of the spleen and kidney, blood stasis, damp-heat, wind evil, and water dampness. Spleen deficiency can lead to deficiency of qi and blood, and retention of damp turbidity leads to edema. Kidney deficiency can cause nontransformation of qi and water, such as edema and kidney loss and storage, to form proteinuria[15]. Combined with the above etiology and pathogenesis, on the basis of routine intervention such as tacrolimus, Nephritis Rehabilitation Tablets were used to treat patients with IMN at our hospital. The results showed that the total effective rate of the study group was higher than that of the control group, the quantitative levels of Scr and 24-h urinary protein of the study group were lower than those of the control group, and the level of serum albumin was higher than that of the control group. This showed that the combination of tacrolimus and Nephritis Rehabilitation Tablets has more significant advantages in improving the renal function of patients with IMN, which is helpful for improving the overall therapeutic effect on the disease. The main reason is that the main components of Nephritis Rehabilitation Tablets include Salvia miltiorrhiza, Ginseng, Hedyotis diffuse, Motherwort, and Eucommia ulmoides, which have many effects, such as dispelling dampness and removing blood stasis, diuresis, and detumescence; tonifying qi and nourishing yin; and tonifying the kidney and detoxification. In addition, Motherwort, Salvia miltiorrhiza, and Hedyotis diffusa have many effects, such as anti-erythrocyte and anti-platelet aggregation, which can reduce blood viscosity, increase renal blood flow, and prevent thrombosis[16,17]. In addition, Nephritis Rehabilitation Tablets can reduce capillary permeability, regulate microcirculation and lipid metabolism, reduce swelling and diuresis, relieve urinary protein, enhance immunity, and improve renal function. In addition, some studies have demonstrated that Nephritis Rehabilitation Tablets can repair glomerular podocytes and reduce the expression of transforming growth factor beta 1 and α-smooth muscle actin in the renal interstitium. In addition, it can maintain the filtration barrier, improve the precipitation of extracellular matrix components such as laminin and fibronectin, and regulate immune function and renal function. Moreover, it can increase liver albumin synthesis, increase plasma protein levels, and antagonize glucocorticoid-induced adverse reactions[18].
In addition, urinary IgG4 can reflect renal IgG4 deposition and is closely related to IMN disease activity. Moreover, studies have shown that IMN autoantibodies play an intermediary role, while complement proteins play an important role in organ-specific autoimmune diseases. Podocyte antigens can bind to antibodies to form subepithelial in situ immune complexes, and complement activation can produce C5b-9. As a consequence, the condition, therapeutic effect, and prognosis of IMN can be evaluated by monitoring the levels of urinary IgG4 and C5b-9[19,20]. The levels of urinary IgG4 and C5b-9 in the study group were lower than those in the control group (P < 0.05), which further confirmed that Nephritis Rehabilitation Tablets combined with tacrolimus had high therapeutic value in IMN, which could reduce the contents of urinary IgG4 and C5b-9 and improve the therapeutic effect of the disease. In addition, from the results of this study, it can be concluded that there was no significant difference in the incidence of adverse reactions between the two groups, indicating that the combination of Nephritis Rehabilitation Tablets and tacrolimus can not only achieve a good therapeutic effect but also have a satisfactory safety profile.

CONCLUSION
Generally, Nephritis Rehabilitation Tablets combined with tacrolimus in the treatment of IMN can effectively improve the renal function of patients and downregulate the expression of urinary IgG4 and C5b-9 on the basis of routine intervention. In addition, they can help to improve the overall treatment effect while not increasing the risk of adverse reactions. However, since this study had fewer samples, further multi-center research is required to confirm our findings.

ARTICLE HIGHLIGHTS
Research background
Idiopathic membranous nephropathy (IMN) has a high incidence in the middle-aged and elderly population, and poses a great threat to the physical and mental health and quality of life of patients. The incidence of IMN has continued to increase in recent years, and safe and effective treatments are of significant research interest.

Research motivation
Glucocorticoid therapy alone has difficulty achieving ideal effects in IMN, and the incidence of adverse reactions is high. Tacrolimus is a new calcineurin inhibitor that can effectively improve renal function with low dose and high safety. 

Research objectives
This study aimed to investigate the efficacy and safety of Nephritis Rehabilitation Tablets combined with tacrolimus in the treatment of IMN.

Research methods
On the basis of routine symptomatic treatment, the control group was treated with tacrolimus, and the study group was treated with nephritis rehabilitation tablets in addition to control group treatment. Both groups were treated for 12 wk. The therapeutic effect, the levels of renal function indexes, and the incidence of adverse reactions were measured before and after 12 wk of treatment.

Research results
The results showed that the total effective rate of the study group was higher than that of the control group, the quantitative levels of Scr and 24-h urinary protein of the study group were lower than those of the control group, and the level of serum albumin was higher than that of the control group. IMN autoantibodies play an intermediary role, while complement proteins play an important role in organ-specific autoimmune diseases. The levels of urinary IgG4 and C5b-9 in the study group were lower than those in the control group.

Research conclusions
Nephritis Rehabilitation Tablets combined with tacrolimus in the treatment of IMN can effectively improve the renal function of patients and downregulate the expression of urinary IgG4 and C5b-9. In addition, they can improve the overall therapeutic effect while not increasing the risk of adverse reactions.

Research perspectives
This study has fewer samples, and further multi-center research is required to confirm our findings.
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Table 1 Comparison of therapeutic effects between the two groups, n (%)
	Group
	Number
	Complete remission
	Partial remission
	Invalid
	Total efficiency

	Study
	42
	26 (61.90)
	12 (28.57)
	4 (9.52)
	38 (90.48)

	Control
	42
	16 (38.10)
	14 (33.33)
	12 (28.57)
	30 (71.43)

	χ2
	
	
	
	
	4.941

	P value
	
	
	
	
	0.026




Table 2 Comparison of renal function indexes between the two groups (mean ± SD)
	Time
	Group
	Number
	Scr (umol/L)
	Serum albumin (g/L)
	24 h urinary protein quantification (g)

	Before treatment
	Study
	42
	121.97 ± 40.36
	24.21 ± 2.35
	7.41 ± 2.19

	
	Control
	42
	124.55 ± 38.68
	23.64 ± 2.51
	7.69 ± 2.32

	
	t
	
	0.299
	1.074
	0.569

	
	P value
	
	0.766
	0.286
	0.571

	After 12 weeks of treatment
	Study
	42
	86.23 ± 21.61a
	36.69 ± 3.71a
	1.63 ± 0.59a

	
	Control
	42
	101.55 ± 23.67a
	31.26 ± 3.35a
	2.89 ± 0.79a

	
	t
	
	3.098
	7.040
	8.282

	
	P value
	
	0.003
	0.000
	0.000


aP < 0.05, before treatment vs after 12 wk of treatment. 


Table 3 Comparison of urinary IgG4 and C5b-9 levels between the two groups (mean ± SD)
	Time
	Group
	Number
	IgG4 (ug/mmol)
	C5b-9 (ng/mg)

	Before treatment
	Study
	42
	14.67 ± 2.39
	83.79 ± 10.66

	
	Control
	42
	15.19 ± 2.53
	85.65 ± 11.20

	
	t
	
	0.968
	0.780

	
	P value
	
	0.336
	0.438

	After 12 weeks of treatment
	Study
	42
	1.45 ± 0.29a
	44.81 ± 9.39a

	
	Control
	42
	3.13 ± 0.71a
	55.37 ± 10.23a

	
	t
	
	14.196
	4.928

	
	P value
	
	0.000
	0.000


aP < 0.05, before treatment vs after 12 wk of treatment. 


Table 4 Comparison of incidence of adverse reactions between the two groups, n (%)
	Group
	Number
	Elevated transaminase
	Gastrointestinal reaction
	Vomiting and nausea
	Dizzy
	Total incidence rate

	Study
	42
	1 (2.38)
	1 (2.38)
	2 (4.76)
	1 (2.38)
	5 (11.90)

	Control
	42
	1 (2.38)
	1 (2.38)
	0 (0.00)
	1 (2.38)
	3 (7.14)

	χ2
	
	
	
	
	
	0.138

	P value
	
	
	
	
	
	0.710
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