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Background: Kunxian (KX) has been reported to be effective in treating Immunoglobulin A nephropathy (IgAN) and autoimmune disorders, such as lupus nephritis, but there is a lack of controlled trial on its effectiveness and safety for treating IgAN.Methods: This multicenter, prospective cohort study was conducted with individuals aged 18–60 years with biopsy-confirmed primary IgAN, proteinuria greater than 0.75 g/d, and estimated glomerular filtration rate (eGFR) greater than 60 mL/min/1.73 m2. Patients were treated with KX or Mycophenolate mofetil (MMF) after receiving a stable dose of an angiotensin-converting-enzyme inhibitor or angiotensin-receptor blocker for at least 4 weeks.Results: 67 patients were assigned to the KX group and 72 to the MMF group. The mean (standard deviation) eGFR was 87.75 (15.94) mL/min/1.73 m2, and the mean (standard deviation) proteinuria was 1.70 (0.74) g/d. Patients in the KX group had a greater reduction in proteinuria than those in the MMF group did. Complete remission occurred in 43 patients (64.2%) in the KX group and 37 patients (51.4%) in the MMF group (hazard ratio [HR] 0.612, 95% CI 0.385–0.972, P = 0.038). Overall response occurred in 59 participants (88.1%) in the KX group and 59 participants (81.9%) in MMF group (HR 0.658, 95% CI 0.447–0.970, P = 0.034). Adverse events were observed in 6 patients (8.9%) in the KX group and 5 patients (6.9%) in the MMF group with no significant difference.Conclusion: Compared with MMF, KX was safe and significantly decreased proteinuria in IgAN.Keywords: IgA nephropathy, tripterygium wilfordii hook F, KunXian, proteinuria, glomerular filtration rate
1 INTRODUCTION
Immunoglobulin A nephropathy (IgAN), characterized by the deposition of immunoglobulin A (IgA) in the glomerular mesangium (Stamellou et al., 2023), is the most common biopsy-proven primary glomerular disease in China (Qin et al., 2023; Li and Liu, 2004). It has been reported that nearly 30%–40% of patients can develop end-stage renal disease within 20–30 years (Stamellou et al., 2023). However, there is no disease-specific treatment available for IgAN.
Tripterygium Wilfordii Hook F (TwHF) is a traditional herb first recorded in the Compendium of Materia Medic (Jia et al., 2021), and has been widely used for many years in the treatment of rheumatic diseases and autoimmune disorders (Shan et al., 2023; Zhang et al., 2024). In China, TwHF has been used as an immunosuppressant to reduce proteinuria for more than 40 years (Chen et al., 2013; Le et al., 2022). A meta-analysis revealed that TwHF significantly reduced proteinuria while maintaining good renal function in IgAN patients (Chen et al., 2010).
Kunxian (KX) is a derivative of TwHF, which is mainly composed of four medicinal herbs, namely, Tripterygium hypoglaucum Hutch (triptolide), Epimedium brevicornu Maxim, Cuscuta chinensis Lam, and Lycium barbarum L (Ma et al., 2023). The incidence of adverse events (AEs) of KX was significantly lower than that of TwHF(Tang et al., 2020), which may be associated with the drug combination of herbal medicines. Several studies have indicated that the anti-inflammatory, immunomodulatory, and analgesic properties of KX demonstrate favorable efficacy in patients with ankylosing spondylitis and rheumatoid arthritis (Tang et al., 2020; Li et al., 2016). Evidence suggests that KX attenuates foot cell damage by inhibiting β-catenin signaling, thereby ameliorating proteinuria in diabetic mice without inducing significant hepatorenal toxicity being observed (Jin et al., 2023). Moreover, one study reported that 97% of IgAN patients experienced a reduction in proteinuria within 2 months after KX administration, and 45.5% of patients achieved a level of proteinuria less than 0.5 g/d at 28 weeks (Le et al., 2022). However, long-term controlled trials verifying the effectiveness and safety of KX for the treatment of IgAN are lacking.
2 MATERIALS AND METHODS
2.1 Study design and patients
The present multicenter, prospective cohort study was conducted at six research centers in China (the Second Affiliated Hospital of Nanchang University, the First Affiliated Hospital of Gannan Medical University, Ganzhou People’s Hospital, Xinyu People’s Hospital, Shangrao People’s Hospital, and Yichun People’s Hospital) from March 2018 to March 2020. The present study was approved by the Ethics Committee of the Second Affiliated Hospital of Nanchang University and all patients provided written informed consent.
All participants were required to receive a stable dose of an angiotensin-converting-enzyme inhibitor or angiotensin-receptor blocker for at least 4 weeks before grouping. Persons aged 18–60 years with biopsy-confirmed primary IgAN, urinary protein (UP) > 0.75 g/d, and an estimated glomerular filtration rate (eGFR) > 60 mL/min/1.73 m2 as estimated by the Chronic Kidney Disease Epidemiology Collaboration (Levey et al., 2009) were enrolled. Patients with the following conditions were excluded: any secondary form of IgAN or IgA vasculitis or any non-IgAN glomerulonephritis, major hepatic, cerebrovascular, or cardiovascular comorbidities, or prior kidney transplantation.
2.2 Intervention and follow-up
All eligible patients were assigned to receive KX (KX group) or mycophenolate mofetil (MMF group). Patients treated with KX were administered an initial dose of 0.8–1.2 g daily for 3 months, then tapered to a maintenance daily dose of 0.6–0.8 g for the subsequent 6 months. The subjects treated with MMF received an oral dose of 1.25–1.5 g daily for 6 months, followed by tapering to a maintenance dose of 0.75–1.0 g daily for 6 months. Throughout the study, participants were followed up at baseline, 1 month, 3 months, and then every 3 months thereafter.
2.3 Study outcome
The primary outcomes were complete remission (CR) and the rate of an overall response (OR). CR was defined as 24 h UP < 0.3 g, and OR was defined as CR plus partial remission (PR), with PR defined as UP 0.3–2 g/d, but with a reduction greater than 50% from baseline. The time to a 30% reduction in the eGFR was also evaluated. The secondary outcomes included urine occult blood, urine red blood cells (URBC), and any AEs.
2.4 Statistical analysis
The continuous variables were described as mean ± standard deviation (SD), and the categorical variables were presented as numbers and percentages. Intergroup comparisons were performed using the Pearson chi-square test or Fisher’s exact test and Mann-Whitney U-test. The variation in the eGFR and 24 h UP level during different periods were compared between the two groups of IgAN patients. Kaplan-Meier curve analysis was used to describe the time-to-event data, and the difference between the two groups were compared by the log-rank test. Survival time was determined from the beginning of the first treatment until the event of interest. Patients who did not achieve remission were considered censored at the time of the last visit. Treatment effects on the two primary outcomes were estimated using Cox proportional hazard models with covariate adjustment. All statistical analyses were conducted by SPSS (version 28.0) and GraphPad (version 9.0). Two-sided P < 0.05 was regarded as statistically different.
3 RESULTS
3.1 Baseline characteristics
A total of 176 patients with biopsy-proven primary IgAN were screened, among them, 4 cases were under 18 years old, 17 patients had UP < 0.75 g/d, and 12 patients had an eGFR less than 60 mL/min/1.73 m2, these patients were excluded. Among the remaining 143 subjects, 70 patients were assigned to receive KX treatment and 73 to receive MMF,4 patients (3 patients in the KX group and 1 in the MMF group) were lost to follow-up, and 139 patients (97.2%) completed the trial (Figure 1). The baseline features were comparable between the two groups (P > 0.05), and the detailed information is shown in Table 1. The mean (SD) eGFR was 87.75 (15.94) mL/min/1.73 m2, and the mean (SD) UP was 1.70 (0.74) g/d.
[image: Figure 1]FIGURE 1 | Flow diagram for inclusion of participants.
TABLE 1 | Characteristics of participants at baseline.
[image: Table 1]3.2 Primary outcomes
Compared with those at the corresponding baseline, there were significantly lower UP levels were found at each of the time points in both groups (Figure 2A). The 24 h UP level in the KX group was significantly lower than that in the MMF group at 3, 6, and 9 months (P = 0.046, P = 0.008, and P = 0.012, respectively). The mean 24 h UP in the KX group versus MMF group at 24 months was very similar to that observed at 9-month. The mean change in eGFR from baseline at each follow-up visit was presented in Figure 2B, and no statistical difference was observed between the two groups.
[image: Figure 2]FIGURE 2 | 24 h urinary protein (A) and eGFR (B) change in Kunxian group and mycophenolate mofetil group during 24 months.
43 patients (64.2%) in the KX group and 37 patients (51.4%) in the MMF group achieved CR at 24 months (log-rank P = 0.043, Figure 3A). Similarly, OR occurred in 59 participants (88.1%) in the KX group and 59 participants (81.9%) in the MMF group (log-rank P = 0.025, Figure 3B). Compared with MMF, KX treatment increased the rate of the CR and OR by 38.8% (hazard ratio [HR], 0.612, 95% CI 0.385–0.972) and 34.2% (HR 0.658, 95% CI 0.447–0.970), respectively. The percentage of patients without an eGFR decline exceeding 30% of their baseline in both groups was presented in Figure 3C. Specifically, there were 7 patients (10.4%) in the KX group and 6 patients (8.3%) in the MMF group who exhibited a reduction in eGFR of 30% or more. However, no statistically significant difference was observed between the two groups (log-rank P = 0.66).
[image: Figure 3]FIGURE 3 | Primary outcomes. (A), Kaplan-Meier analysis for the complete remission rate between two group, log-rank P = 0.043. (B), Kaplan-Meier analysis for the overall remission rate between two group, log-rank P = 0.025. (C), Kaplan-Meier estimates of the percentage of patients without an eGFR decline of more than 30% of baseline are presented, log-rank P = 0.66. eGFR: estimated glomerular filtration rate; KX: Kunxian; MMF, mycophenolate mofetil.
3.3 Secondary outcomes
The changes in urine occult blood and URBC between the two groups at baseline and at 6 and 12 months after administration were shown in Table 2. There was no difference in urine occult blood before and after treatment in either group. After 6 months of treatment, the mean (SD) UBCR in the KX group and MMF group was 26.66 (26.77)/uL and 33.74 (25.83)/uL, respectively, and the difference in the mean URBCs between the two groups was significant at this time point (P = 0.029). However, at 12 months, no significant difference was noted between the groups (P = 0.070).
TABLE 2 | Secondary outcomes.
[image: Table 2]The incidence of AEs was similar in the KX and MMF groups (8.9% vs. 6.9%). No deaths occurred in either group. Menstrual disorders occurred predominantly in the KX group, with 5 cases experiencing scant menstruation or amenorrhea. One patient in the KX group and three patients in the MMF group presented with gastrointestinal symptoms, including abdominal distension and diarrhea. In addition, there were one case of rash in the KX group and two infections in the MMF group.
4 DISCUSSION
The present study, with a large sample size and long follow-up period, is the first controlled trial to evaluate the efficacy of KX in the treatment of IgAN. The results showed that 24 h UP levels in the KX group were significantly lower than MMF at 3, 6, and 9 months after dosing. The CR and OR rates at 24 months in the KX group were greater than those in the MMF group (64.2% vs. 51.4%, 88.1% vs. 81.9%), without an increase in AEs.
As a new preparation of TwHF, KX has powerful functions in immunosuppression, anti-inflammation, and lowering proteinuria. A randomized placebo-controlled clinical trial reported that KX effectively improved symptoms and signs in patients with ankylosing spondylitis (Li et al., 2016). Animal experiments proved that KX reduced the proteinuria in lupus nephritis mice and had a protective effect on renal function (Cheng et al., 2023). Some researchers found that KX significantly reduced serum transforming growth factor-β1 levels in primary membranous nephropathy patients and effectively reduced 24 h UP and blood creatinine (Ma et al., 2023). Le et al. showed that proteinuria dropped rapidly after KX treatment, with 33.3% of IgAN patients achieving complete or partial remission within 5 weeks of treatment (Le et al., 2022). Similarly, the present study showed that KX was superior to MMF in reducing 24 h UP in IgAN.
Overall, accumulated evidence suggests that KX not only reduces the expression of transforming growth factor-β1, a proliferation-inducing ligand and B cell-activating factor, and inhibits IgA class switching, thus reducing the production of pathogenic IgA (Li et al., 2017), but also regulates the balance of Th17 and regulatory T cells in IgAN rats (Chen et al., 2015). Through suppressing multiple signaling pathways, such as the NLPR3/TLR4, JAK/STAT, PI3K/AKT, and NF-κB pathways, KX alleviates kidney inflammation and podocyte damage, thereby reducing proteinuria (Tang et al., 2020; Cheng et al., 2023; He et al., 2015). In addition, KX inhibits the activation of JUN, a positive regulator of cell proliferation, and thus inhibited the proliferation of mesangial cells (Xia et al., 2021), all of which contribute to slowing the progression of the disease in IgAN patients (Figure 4).
[image: Figure 4]FIGURE 4 | The potential mechanism underlying the protective effect of KX against IgAN. The primary pathogenesis of IgAN is the ‘Multi-hit’ hypothesis, which includes an elevated level of Gd-IgA1, production of anti-Gd-IgA1 autoantibodies, formation of circulating Gd-IgA1 immune complexes and deposition of these complexes on the glomerular mesangium (Stamellou et al. 2023). The triptolide in KX plays a major role in immunosuppression, while Epimedium can reduce liver damage, and Lycium can enhance the effect of triptolide. KX reduces the expression of TGF-β1, BAFF and APRIL, and inhibit IgA class switching, thus reducing the production of pathogenic IgA (Li et al. 2017). It also regulates the immune balance of Th17 and Tregs, slowing down the progression of the disease (Chen et al. 2015). KX inhibits the activation of JUN, a positive regulator of cell proliferation, and thus inhibits the proliferation of mesangial cells (Xia et al. 2021). In addition, KX also modulates multiple signaling pathways, acting as an anti-inflammatory, regulating immune function, promoting apoptosis and attenuating podocyte damage (He et al. 2015). APRIL, a proliferation-inducing ligand; BAFF, B cell-activating factor; KX, Kunxian; Tregs: regulatory T cells; TGF-β1: transforming growth factor-β1.
It is worth noting that at the end of the observational follow-up at 48 months, 24 h UP in the KX and MMF groups had the same magnitude of effect as observed at 9 months. This finding suggests that the beneficial effects of KX and MMF may not last long after discontinuation. This effect is in line with expectations, as IgAN is a chronic immune-mediated disease, discontinuation of the drug may cause recovery of galactose-deficient IgA1. Therefore, some patients may require long-term low-dose maintenance therapy or re-treatment, further exploration of strategies for appropriate re-treatment is still needed.
Hematuria is a typical presentation of IgAN, persistent hematuria is associated with kidney disease progression (Yu et al., 2020). The present results suggested KX was superior to MMF in reducing UBCR at 6 months post-dosing. The mechanism may be related to the inhibition of mesangial cell proliferation by KX, improvement in the permeability of glomerular filtration membrane, and reduction in red blood cell leakage. However, there is still a lack of research on the mechanism of KX in the treatment of hematuria required further investigation.
In the present study, the rates of AEs were similar in both groups which may be due to the synergistic effect of multiple drugs in KX, Triptolide is the main ingredient, Epimedium and Lycium have hepatoprotective effects, which can enhance the efficacy of the KX while reducing the incidence of AEs (Ma et al., 2023). Menstrual disorder is the most common AEs associated with KX. Of note, most of these AEs cease either spontaneously or after dose adjustments (Wang et al., 2017). To the best of our knowledge, ours was the first study to decrease the KX dose during treatment. Nevertheless, all female patients need to be informed of the potential risk of menstrual disorders before undergoing KX treatment.
Our study had several limitations. First, the present study was not a randomized controlled trial. Second, the long-term clinical outcomes of these patients remain unclear. Finally, the study was conducted in patients in China, and efficacy of KX treatment in other populations is unclear. Therefore, future randomized controlled trials with large samples are needed to confirm the established relationship and to further investigate the long-term prognosis. Taken together, this prospective cohort study firstly indicated that KX was safe and significantly reduced proteinuria in IgAN patients compared with MMF.
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