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Steroid-resistant nephrotic syndrome (SRNS) is one of the major causes of end-stage kidney disease (ESKD) in children and young adults. For approximately 30% of children with SRNS results from a genetic cause. In this study, genotype-phenotype correlations in a cohort of 283 pediatric patients with SRNS or early-onset NS (nephrotic syndrome presenting within the first year of life) from 23 major pediatric nephrology centers in China were analyzed. All patients were performed with next-generation sequencing and Sanger sequencing. The overall mutation detection rate was 37.5% (106 of 283 patients). WT1 was the most frequently detected mutation, followed by NPHS1, NPHS2, and ADCK4, and these four major causative genes (WT1, NPHS1, NPHS2, and ADCK4) account for 73.6% of patients with monogenic SRNS. Thirteen of 106 individuals (12.3%) carried mutations in ADCK4 that function within the coenzyme Q10 biosynthesis pathway. In the higher frequently ADCK4-related SRNS, two mutations, c.737G>A (p.S246N) and c.748G>C (p.D250H), were the most prevalent. Our study provides not only definitive diagnosis but also facilitate available targeted treatment for SRNS, and prediction of prognosis and renal outcome. Our indications for genetic testing are patients with FSGS, initial SRNS, cases of positive family history or those with extra-renal manifestations.
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INTRODUCTION

Idiopathic nephrotic syndrome (INS) is characterized by a group of symptoms: massive proteinuria, hypoalbuminemia, edema, and hyperlipidemia (1, 2). Most pediatric cases respond well to steroids, and the long-term prognosis is favorable (3). However, about 10–20% of children who do not show complete remission of proteinuria following 4–8 weeks treatment with corticosteroids are considered to have steroid-resistant nephrotic syndrome (SRNS), with high risk of end-stage kidney disease (3, 4). Kidney biopsy of SRNS shows minimal change disease (MCD) or focal segmental glomerulosclerosis (FSGS) in majority of cases (3, 5). For ~30% of children with SRNS, the condition results from a genetic cause, and who will not achieve remission after treatment with steroids and/or immunosuppression (6); and identification of these causative genes has provided fundamental insights into the pathogenesis of SRNS (3, 7–10).

Recently, increasing number of monogenic SRNS has been reported worldwide. To date, more than 60 monogenic causes of SRNS/FSGS have been identified, and novel causative genes are continually being discovered (3, 8, 11–13). Genetic testing for the children with initial SRNS, cases of positive family history with proteinuria and those with extra-renal manifestations is recommended, according to IPNA (International Pediatric Nephrology Association) clinical practice recommendations for the diagnosis and management of children with SRNS (14). In addition, most patients with early onset nephrotic syndrome presenting within the first year of life are caused by monogenic defects and resistant to immunosuppressive therapy, thus this condition is also an indication of genetic screening. The genetic testing about SRNS has been reported in America, Europe, and Asia such as in China, Korea, Japan and India (12, 13, 15–17). However, the high heterogeneity of genetic SRNS highlights the value of thoroughly delineating the correlations between genotype and phenotype based on large cohorts of patients with different ethnicities, molecular diagnosis and longitudinal follow-up. In this study we aimed to expand the genotypes of SRNS or early-onset NS in China and investigate potential correlations between genotype and phenotypes.



MATERIALS AND METHODS


Patients

Pediatric patients with SRNS or early-onset NS, undergoing next-generation sequencing analysis, from 23 major pediatric nephrology centers in China, recorded in an on-line registry of pediatric hereditary kidney diseases in China (http://chkd.tiamal.com/, set up in 2012) from January 1, 2018 to December 31, 2020 were recruited. All patients had fully developed nephrotic syndrome (NS) (24 h urinary protein excretion ≥50 mg/kg or urinary protein creatinine ratio ≥ 2 g/g plus serum albumin <30 g/L). SRNS is consist of resistance to conventional daily oral 2 mg/kg prednisone (maximum dose 60 mg/day) therapy either at the initial presentation (initial steroid non-responders) or during follow-up (late steroid non-responders). An initial non-responder is defined as “failure to achieve complete remission after 4–8 weeks of corticosteroid therapy”, and a late non-responder is defined as “persistent proteinuria during 4 or more weeks of corticosteroids following one or more remissions” (18). Early-onset nephrotic syndrome is an uncommon disorder with onset of the nephrotic syndrome presenting within the first year of life. Demographics, clinical presentations at first visit to the participating centers, response to immunosuppressive agent, kidney biopsy information if performed, the last follow-up data, family history, parental consanguinity and genetic data were collected. The age-adjustment of serum creatinine concentrations based Chronic Kidney Disease Epidemiology Collaboration equation was used to estimate the glomerular filtration rate (19). When the patients were younger than 2 years, kidney dysfunction was defined as serum creatinine increasing >30% from the upper reference limits related to age and gender (20). For evaluation of renal outcomes, the primary end point included a set of major morbidity events such as reaching ESKD, renal replacement therapy (RRT, hemodialysis, peritoneal dialysis, kidney transplantation), and mortality from renal cause.

Genomic DNA was isolated from blood lymphocyte in all participants and subjected to exome capture using Agilent's SureSelect human all exon kit V5 and NimbleGen technology followed by next generation sequencing on the Illumina HiSeq 2500 platform. The genetic test results which were detected by next-generation sequencing and Sanger sequencing in the DNA diagnostic laboratories were collected and classified according to the American College of Medical Genetics and Genomics (ACMG) guidelines (21). The patients harbored pathogenic or likely pathogenic sequence variants plus consistent with the reported inheritance were considered establishing a genetic diagnosis.

The procedures were approved by the ethics committees of the 23 centers. The informed consent was obtained from the patients or their family members.



Statistical Analysis

To determine significant differences between groups with or without pathogenic variants, categorical variables were analyzed using the chi-square test or Fisher's exact test, and continuous variables were compared using the t-test or Mann–Whitney U-test. All values are reported as the median (interquartile range, IQR).




RESULTS


Cohort Description

Totally 283 pediatric patients (male: female = 151:132) from 280 families were recruited from the 23 major pediatric nephrology centers in China. All patients had fully developed early-onset NS or SRNS. Among the patients with available respective information, parental consanguinity was not reported, and 30 (10.6%) patients had a family history of proteinuria and/or renal failure (Table 1 and Figure 1).


Table 1. Genotype-phenotype correlations in pediatric patients with steroid-resistant nephrotic syndrome.
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FIGURE 1. Flow chart of patients by phenotype at presentation, age, and genetic diagnosis.




Phenotypes

The clinical features of 283 patients [including 92 cases reported from our previous study (13)] are summarized in Table 1. Among them, 35 (12.4%) patients showed congenital onset, 29 (10.2%) patients manifested as infantile onset, 91 (32.2%) at age of 1–2 years. The number decreased to 46 cases (16.3%) at age 3–5 years, 72 (25.4%) at age 6–12 years and 10 (3.5%) patients at age 12–18 years.

Among 283 patients recruited in the present study, 29 patients were not given steroid therapy because they presented with congenital onset (n = 24), 4–12 months (n = 2), CKD (n = 1) and 2 patients deny steroid therapy. Then as described in Figure 2, conventional steroid therapy was administered to 254 patients and all showed steroid resistance, consist of initial SRNS (189 patients) and late SRNS (23 patients) and 42 patients of SRNS not known initial or secondary. Among the 254 patients, 74 patients were not given immune therapy, 64 patients showed response to immune therapy, and 116 patients showed no response to immune therapy. Of the patients who responded to immunotherapy whereas presented with initial/secondary SRNS or without steroid therapy, the genetic diagnosis was established in 3 children (Supplemental Table 1). Patient 9th had the compound heterozygous pathogenic NPHS1 mutation (c.2515delC, p.Q839 Rfs*8 and c.928G>A, p.D310 N), developed NS at age of 2 month, Kidney biopsy was not performed and was then only given tacrolimus treatment from age of onset, proteinuria decreased and complete remission of proteinuria was observed after one year, this patient had a normal renal function after a 2-year follow up. Patient 232th displayed with initial SRNS and was given tacrolimus treatment, complete remission of proteinuria was observed, compound heterozygous pathogenic NPHS2 mutation (c.370T>C, p.C124R and c.535-1G>T) was detected in this boy, with the renal biopsy revealing mild mesangial proliferative glomerulonephritis and renal function was normal after one-year follow up. Patient 57th, a 7-year-old boy, was admitted to hospital for proteinuria due to nephrotic syndrome, then displayed with late-SRNS. Renal biopsy revealed Lipoprotein glomerulopathy. DNA sequence studies revealed a heterozygous pathogenic missense mutation of ApoE (c.127C>T, p.R43C).


[image: Figure 2]
FIGURE 2. A precision medicine-based guide to investigation of SRNS.


Renal biopsy was performed in 187 (66.1%) patients, which included 97 cases of FSGS, 42 cases of MCD, and 23 patients with mesangial proliferative glomerulonephritis (MsPGN). Renal biopsy was done in 85% cases aged older than 3 years, 66.3% aged 1–2 years, and 22.2% in infant, respectively. Genetic abnormalities were found in 37.4% of patients with FSGS, 30% of patients with MsPGN, and 9.3% of patients with MCD. FSGS counts for 71.5% in the patients with an identified genetic mutation, whereas only 44.4% in the patients without genetic mutation. MCD was seen in 3.7% of the patients with a genetic diagnosis (4/107), all manifested at age of 6–12 years old. Table 2 summarized the data on the genetic disease detection rate from the previous large cohort studies and compared to the present study (12, 15, 22).


Table 2. Age at onset, comparison with previous large studies.
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The median duration of follow-up from the onset was 2.1 years (IQR 1.2–3.4 years) in present study. 96 patients had maintained a normal estimated glomerular filtration rate (eGFR), 28 patients progressed to CKD stages 2–4, 48 patients progressed to ESKD and RRT, 27 patients end with mortality. Among the children who underwent mutation screening, the patients with an identified gene mutation are more likely to step into renal dysfunction: 9 patients (8.5%) with CKD, 28 patients (26.4%) with ESKD or RRT, and 16 (15.1%) patient end with mortality. Conversely in the patients not identified: 19 (10.7%) in patients with CKD stages 2–4, 20 (11.3%) in patients with ESKD or RRT and 11 patients (6.2%) end with mortality. SRNS children with identified causative genes showed worse long-term outcome than the patients without causative genetic mutation.



Genotypes

The distribution of the detected causative genes was evaluated in Table 3. The overall detection rate of disease-causing mutations was 37.5% (106 of 283 patients). Among 106 patients with disease-causing mutations, 44 (41.5%) patients had AD mutations, 56 (52.8%) patients had AR mutations, and 6 (5.6%) patients had X-linked or mitochondrial mutations. WT1 was the most common causative gene (11.3%, 32 patients), followed by NPHS1 (6.4%, 18 patients), NPHS2 (5.3%, 15 patients), ADCK4 (4.6%, 13 patients), TRPC6 (2.1%, 6 patients) and others. Among these, mutations from 25 patients had been reported in our previous study (13).


Table 3. Genotype-phenotype correlations in pediatric patients with steroid-resistant nephrotic syndrome of AD mutation and AR mutation.
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Genotype-Phenotype Correlations

To examine genotype-phenotype correlations, the 7 most frequently mutated genes (WT1, NPHS2, NPHS1, TRPC6, ACTN4, ADCK4 and LAMB2) were evaluated in Table 3. In the patient with AD mutations, 6.8% patients showed congenital onset, and 15.9% showed infantile onset. This fraction changed to 43.2% at age 1–5 years, 29.5% at age 6–12 years, and 4.5% at age 12–18 years. For the AR mutations, 39.3% patients showed congenital onset, and 10.7% showed infantile onset. This fraction decreased to 26.8% at age 1–5 years, 19.6% at age 6–12 years, and 3.6% at age 12–18 years. The distribution of causative genes within the first 3 months of life was as follows: NPHS1 (n = 17), WT1 (n = 3), NPHS2 (n = 2), LAMB2 (n = 2), ADCK4 (n = 1). Patients with AR mutations are more likely to display with congenital-onset SRNS, especially NPHS1, 17 (94.4%) onset at <3 months old.

FSGS was the most common pathological finding on renal biopsy in this cohort study, 34% for AD mutation and 32.1% for AR mutation. But in AR mutation, 32 (57.1%) biopsy was not performed most likely because of the high risk of percutaneous renal biopsy in patients with congenital-onset SRNS.

For WT1 mutations, 12 participants revealed non-truncating transcriptional variants and 20 participants revealed truncating mutation, 10 patients with non-truncating mutation show almost onset <3 years old (Table 4), 20 patients with truncating mutation show a wide distribution from 3 months to 12 years onset. 9 patients with truncating mutation end with ESKD/RRT or death. For the 18 NPHS1-related SRNS comprised of 17 CNS, all displayed with compound heterozygous mutation, 2 patients were lost to follow-up.


Table 4. Mutation screening results.
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For the NPHS2 mutations, patients carried truncating mutation showed onset at earlier age, 4 cases carried compound heterozygous mutation step into ESKD or was given renal replacement therapy.

As for ADCK4 mutations, it can be detected in 13 (4.6%) in the SRNS. 6 patients present with homozygous and 7 patients displayed with compound heterozygous mutations. In present study, all 13 cases carried c.737G>A (p.S246N) and/or c.748G>C (p.D250H), 6 (42%) cases progressed to ESKD <1 years after diagnosis and 6 patients has family history of proteinuria (Figure 3).


[image: Figure 3]
FIGURE 3. ADCK4 mutation found in pediatric SRNS in China. Exon capture revealed ADCK4 mutations as causing SRNS and CNS. (A) Exon structure of human ADCK4 cDNA which contains 15 exons. Positions of start codon (ATG) and of stop codon (TGA) are noted. (B) Domain structure of the ADCK4 protein. Extent of predicted domains, helical, ABC1, and kinase is depicted by colored bars, in relation to encoding exon position. (C) 13 different ADCK4 mutations with SRNS or or early-onset nephrotic syndrome. (D) The renal outcome of the patients during the follow-up. *Family history of proteinuria; #Ending into ESKD or RRT during follow-up.


Twenty-six patients (24.3%) with genetic-SRNS have extrarenal manifestations, mainly in WT1, SMARCAL1 and LAMB2. Thirty-seven percent of WT1-related SRNS showed genital abnormalities or a predisposition to Wilms tumor, 2 cases of SMARCAL1-related SRNS showed growth failure and poor cellular immunity. As to the three LAMB2-related SRNS, the age of onset was all younger than 1 years old, 2 of them with bilateral microcoria, presented with Pierson syndrome.

In our cohort study, five families of SRNS with disease-causing collagen COL4A5 mutations were identified. Extrarenal manifestations and family history of kidney disease were denied in these 5 patients. Light microscopy showed FSGS in 4 patients and MCD in 1 patient, while 1 patient revealed GBM lamellation, another showed segmental thickening in GBM.

A mutation in the CLCN5 gene was detected by exome sequencing in a family that had been defined as SRNS on clinical grounds. Patient 85th carried c.1942 C>T from his mother, and the light microscopy in this 10-year-old male with a CLCN5 mutation was MCD.

In family 48th, we detected a PAX2 splice mutation (c.70dupG). The patient presented with SRNS at the age of 4 year. Renal biopsy showed FSGS. The patient's father was diagnosed as ESKD.




DISCUSSION

In this cohort study, 283 children with SRNS or early-onset nephrotic syndrome were recruited from 23 pediatric nephrology centers in China, and 106 cases (37.5%) were identified with monogenic mutation. Specifically, the genetic finding of CNS was 71.4% in our study, the fraction of causative gene is only 23.1% at patients aged 1–3 years, and 35.8% at patients aged 3–18 years. Four major causative genes (WT1, NPHS1, NPHS2, and ADCK4) account for 73.6% of patients with monogenic SRNS. Among the 13 cases (12.3%) with ADCK4 mutation, 6 families with homozygous mutations and 7 families with compound heterozygous mutations, further, they all carried either c.737G>A (S246N) or c.748G>C (D250H) mutation.

Our previously cohort study enrolled 110 children with SRNS and 10 children with isolated proteinuria from 5 centers in China, and genetic etiology was identified in 28.3% patients and the most common mutated genes were ADCK4 (6.67%), NPHS1 (5.83%), WT1 (5.83%), and NPHS2 (3.33%), which was quite different from this study. In 2019, national cohort of children with renal disease from 13 different regions of China were recruited from 2014 to 2018, ADCK4, WT1 and NPHS1 were the top three commonly mutated genes in the SRNS group with mutation rates of 5.7, 5.4, and 2.8%, respectively (17). One possible explanation for this discrepancy is the geographical differences in our two series: two-thirds of the participants (80 of 120 cases) in our previous series came from Northern China, whereas more than 50% of the participants (157 of 283 cases) in this study came from Southern China. While in the study reported by Jia Rao, 89.9% of the participants come from Eastern China. In addition, more individuals of SRNS in the present study were recruited than before, which might be the second cause for discrepancy. Age at first disease manifestation present almost half between 1 and 6 years of age in our previous study and this study, 10.2% were at early infantile and 25% at age 6–12 years in this study, 15% at early infantile and 28.3% at age 6–12 years in our previous cohort, which might be the third cause.

The genetic detection rate of CNS was 71.4% in our study. The distribution of causative genes of CNS was NPHS1, WT1, NPHS2, LAMB2 and ADCK4, respectively. According the study reported by Eujin Park (15) in 2020, WT1 was the most commonly mutated gene in CNS, followed by NPHS1, COQ3 and LAMB2. While in the study by Nagano C from Japan (23), NPHS1, LAMB2 and WT1 was the most commonly gene detected in CNS. So, the genetic detection rate and the leading genes in CNS vary among different countries and district worldwide. In present study, 11 CNS patients were treated with steroid but no response happened, therefore, identification of the causative mutation may avoid unnecessary initiation or extension of steroid treatment.

The fraction of causative gene is 59.3% in in the first year of life, and 26.3% at patients aged 2–6 years, 39.1% at age 7–18 years. In 2020, in the study reported by Eujin Park (15), 291 Korean pediatric patients with SRNS/FSGS were analyzed, the mutation detection rate onset at age 6–18 years is 43.5%. however, In the Caroline E's study (12), an international cohort of 1783 families were included, disease-causing mutation in 61.3% of children in the first year of life. This fraction decreased to approximately 25% at age 2–5 years, to 12.3% at age 6 and older groups, these participants did not include patients from Russia, China, sub-Saharan Africa, or Pacific Rim countries. The difference between the studies may be due, at least in part, to differences in geographical distribution.

The mortality rate is 33% in the patients with NPHS1 mutation, whereas 11.1% (10/90) in the groups with other gene mutation in our present study and 16% (6/37) of the children with NPHS1 mutations in a nationwide retrospective study conducted by Bérody S (24). Children who had NPHS2 heterozygous mutations had significantly lower renal survival than those of children with homozygous mutations, well in line with previous cohort studies (25). Of cases with ADCK4 mutation, 46.1% presented with ESRD/RRT, compared with 40% of WT1 and 33.3% of NPHS2 cases, whereas 38.5% of ADCK4 disease progressed to ESRD, compared with 15.6% of WT1 and 2.9% of NPHS2 cases in a study of 534 consecutive SRNS cases (26).

In our study, 2 monogenic SRNS cases (1 for NPHS1 and 1 for NPHS2 mutation) responded fully to tacrolimus. It was reported that SRNS with WT1 mutation were more likely to respond to Calcineurin inhibitors (CNIs), followed by PLCE1, NPHS1, NPHS2 (27). It seems that CNIs can ameliorate proteinuria by affecting podocyte proteins, instead of immune mechanism in monogenetic SRNS. Several studies reported non-immunomodulatory mechanisms of CNIs on renal protection. Faul et al. have reported that CsA blocks the calcineurin-mediated dephosphorylation of synaptopodin, which is easy to be degraded and participated in the podocyte injury and proteinuria (28). Treatment with tacrolimus can suppress the redistribution of Nephrin, Podocin and other slit diaphragm components and then ameliorate proteinuria (29). However, there is still a far way to look for effective therapy for genetic kidney disease.

Compared with studies from other countries, one of the most striking findings in this study was the high prevalence of ADCK4 mutations, as identified in 12.3% of patients with monogenic SRNS, and in 4.6% of all SRNS in children. Similar with our study, 20 patients (5.8%) with biallelic mutations of ADCK4 was screened for in the Chinese children with SRNS, non-nephrotic proteinuria, or CKD of unknown origin by Raojia et al. in 2020 (30), two mutations, namely c.737G>A (p.S246N) and c.748G>C (p.D250H), were the most prevalent in these two studies. In the study by Eujin Park (15) in 2020, 291 Korean children with SRNS or FSGS was recruited, ADCK4 accounts 6.3% of the patients with mutations and 6 patients carried S246N mutation. In 2020, A total of 230 patients (22) (CNS, INS, SRNS, FSGS, or asymptomatic proteinuria with likely genetic disease) in Japan were included. ADCK4 accounts 2.4% of the patients with mutations, and these four cases showed compound heterozygous mutations and all carried S246N mutation. On the contrary, mutations in ADCK4 accounted for only 0.3% of patients in the PodoNet Registry study (31), while 1655 patients were registered and underwent comprehensive screening for a panel of 31 podocyte genes in 2015. ADCK4 mutations were found in 26 patients from 12 families (1.9%) from France, Turkey and Germany, c.1339dupG (p.E447Gfs*10) and c.532C>T (p.R178W) were the most prevalent mutation (26).

According to literature, ADCK4-related nephropathy usually presents in adolescence (median age, 14.1 years) (26). In our study, most ADCK4-related SRNS presented from 1 to 12 years old (IQR 2.3–7 years), and one case showed CNS, significantly younger at time of diagnosis. Furthermore, 6 cases progressed to ESKD <1 year after diagnosis. The fact that all 13 cases of our study carried S246N and D250H mutation, may prompt us to find more precise diagnosis and therapy to ADCK4-related SRNS.

In our overall cohort, 7 of 106 (6.6%) cases could be explained as phenocopies. 5 cases were genetically proven Alport syndrome (AS) that presented as SRNS clinically at onset without family history of hematuria and proteinuria. Among them, 4 cases proved to be FSGS and 1 case with MCD on renal biopsy. It is reported that, rare variants in COL4A3 and COL4A4 may be disease-causing in the patients with familial FSGS (32). In our study, variants in COL4A4 may be disease-causing, the symptoms of AS are atypical at early stage to be neglected and SRNS occurred due to primary GBM defect. It is known that mutations in LAMB2 can cause FSGS, (33) the GBM provide a mechanical foothold for its adjacent cells such as podocyte, LAMB2 and COL4A4 are the components of the GBM, the mutation of COL4A4 may cause glomerular disease through the same or different functional pathway, some mechanism study need to be further studied. One patient in present study was genetically proved Dent disease displaying clinical feature as SRNS. Mutations in CLCN5, which was encodes a voltage-gated chloride ion channel in the renal tubule, are the major cause of Dent disease. More than 50% patients with Dent disease will present with nephrotic-range proteinuria, which is the important reason for misdiagnosis as SRNS. One mutation in the CLCN5 gene (c.2000delC) was reported in a family of SRNS by the PodoNet cohort (34), and our case illustrated similar phenotypic traits at all (35). To our knowledge, 3 different mechanisms might explain patients with phenocopies: one for misdiagnosis: clinical or genetic misdiagnosis; the second for concomitant of two different diseases; the third one is the real phenocopy as causality was not established between certain phenotypes and genotypes. After all, phenocopy is common, and it should be careful to define the relation between phenotype and genotype in children with monogenic SRNS.

In 2020, IPNA clinical practice recommendations for the diagnosis and management of children with steroid-resistant nephrotic syndrome was published (14), and genetic testing is recommended for patients with initial SRNS, cases of positive family history and those with extra-renal manifestations, but not for patients with secondary steroid resistance. In the present study, 23 patients showed secondary steroid resistance. Among them, only 1 patient was identified carrying pathogenic mutation of ApoE. In our study, the mutation detection rate was higher in patients with FSGS than in patients with MCD (38.1 vs. 9.5%, p < 0.01). So, the patients with FSGS, initial SRNS, cases of positive family history or those with extra-renal manifestations are more likely to due to the genetic cause. In clinical practice, these patients are suggested to do genetic testing.

This study also had some limitations. First, 84 study participants in the present study were lost to follow-up, Thus, there was no chance to observe the effect of treatment and the renal outcome. Second, because our study is retrospective, it is inevitable that data may be missing and there is possibility for information bias. In addition, it is not feasible to complete multivariate analysis in order to find the factors those relate with the gene variants in SRNS.

In conclusion, the overall mutation detection rate in this cohort of Chinese children with SRNS was 37.5%. WT1 was the most frequently detected mutation, followed by NPHS1, NPHS2, and ADCK4. In the higher frequently ADCK4-related SRNS (12.3% in monogenic SRNS), two mutations, c.737G>A (p.S246N) and c.748G>C (p.D250H), were the most prevalent. The detection rate of ADCK4 was quite higher than the rate from Western country. Our indications for genetic testing are patients with FSGS, initial SRNS, cases of positive family history or those with extra-renal manifestations.
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