
 

INTRODUCTION 

Nephrotic syndrome is the most common childhood 

glomerular disease which is a triad of hypo 

albuminemia, oedema, and hyperlipidemia. The 

incidence of childhood nephrotic syndrome is 1.2-16.9 

per 100,000 children/ year.1 Incidence is highest in 

those of south Asian ancestry compared to European 

ancestry. Approximately 1020% of them have steroid 

resistant nephrotic syndrome (SRNS).2-4 The patient 

who has no urinary remission within four weeks of 

prednisolone therapy 60 mg/m2/day followed by three 

intravenous pulses of methylprednisolone is termed 

SRNS.5 

Response to steroids varies due to various 

pathophysiological mechanisms. However, this doesn’t 

fully explain why initial steroid responsive patients 

become resistant later. Glomerular structural change, 

specifically in a patient who has podocyte change, is 

unlikely to respond to steroids. Most of these structural 

changes occur in genetic forms of SRNS patients.3 Renal 

histopathological classification of SRNS mostly shows 

focal segmental glomerulosclerosis, minimal change 

disease and diffuse mesangial sclerosis. SRNS may 

occur as an isolated kidney disease or as a syndromic 

form.6 Many SRNS cases occur due to single-gene 

mutations, leading to profound podocyte dysfunction.7, 8 
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ABSTRACT 

Background: Many children with idiopathic steroid resistant nephro�c syndrome have been reported worldwide due to muta-
�on of NPHS1, NPHS2, WT1 and LAMB2 genes. This study aimed to determine the frequency of muta�on of NPHS1, NPHS2, 
WT1, LAMB2, COL4A5 and other genes and their associa�on with renal histopathological pa�erns of idiopathic steroid re-
sistant nephro�c syndrome pa�ents.  
 

Methods: This cross-sec�onal study was conducted on 25 pa�ents with idiopathic steroid resistant nephro�c aged 1-17 years 
in the Department of Paediatric Nephrology, Bangabandhu Sheikh Mujib Medical University, Bangladesh, from July 2017 to 
June 2018. Next Genera�on Sequencing and muta�on analysis were performed a�er DNA extrac�on from pa�ents' venous 
blood lymphocytes. Histopathological study of renal �ssue was done among 17 pa�ents.  
 

Results:  A li�le more than half (56%) of the pa�ents were male. The mean age at the ini�al a�ack of nephro�c syndrome was 
94.2 months. They mostly had minimal change disease (41%) and IgA nephropathy (12%). One subject had the NPHS2 gene 
muta�on, histopathologically diffuse mesangial prolifera�ve glomerulonephri�s, and clinically stage-4 chronic kidney disease. 
Another subject had the COL4A5 gene muta�on and focal segmental glomerulosclerosis.  Both were male and had no familial 
renal disease, consanguinity, or hematuria.  
 

Conclusion: Children with idiopathic steroid resistant nephro�c syndrome showed NPHS2 and COL4A5 gene muta�ons. Histo-
pathologically, they showed diffuse mesangial prolifera�ve glomerulonephri�s and focal segmental glomerulosclerosis.  

BRIEF ARTICLE 



 

An Indian study in 25 children showed NPSH2 gene 

mutation in 3 patients, and PLCe1, NPHS1 mutation 

one in each variety. All presented after their first 

birthday.9 Another study was conducted on a large 

cohort of children (n=1783) where 53.9% of them 

developed SRNS due to a single gene mutation.10  Thirty 

percent of SRNS patients who manifested before 25 

years of age, a causative mutation was detected in one of 

the  30 different SRNS-causing genes. These findings 

revealed that SRNS and focal segmental 

glomerulosclerosis are not single disease entities but are 

part of a spectrum of distinct diseases with genetic 

etiology.6, 11 In childhood-onset SRNS, the most 

common mutations are found in nephrin, podocin, and 

WT1 encoding genes, and some studies showed LAMB2 

gene mutation also. These should be screened to help 

clinical management and genetic counselling.3 

Treatments according to genetic mutation and renal 

histopathological pattern can avoid the adverse effects 

of steroids and other immunosuppressive drugs, 

decreasing the treatment cost. We, however, do not 

have these data for Bangladeshi children. This study 

aimed to determine the frequency of NPHS1, NPHS2, 

WT1, LAMB2, COL4A5 and other genes mutations and 

their association with renal histopathological patterns 

in children with SRNS. 

METHODS 

This cross-sectional study was conducted on 25 

idiopathic SRNS patients of both sexes aged 1-18 years 

in the Department of Pediatric Nephrology, 

Bangabandhu Sheikh Mujib Medical University 

(BSMMU), Dhaka, Bangladesh, from July 2017 to June 

2018. Patients with steroid-responsive nephrotic 

syndrome (Complete remission within four weeks of 

steroid treatment), secondary nephrotic syndrome, and 

age below one year (Congenital and infantile nephrotic 

syndrome) were excluded. After taking assent from 

children below 12 years, assent and parental consent of 

children above 12 years who met the inclusion criteria 

were initially enrolled in this study. History was taken 

regarding age, sex, age at onset of disease, 

consanguinity, family history of renal disease, and 

hematuria. Physical examination and relevant 

laboratory investigations were recorded. 

Then, 3 mL of venous blood was collected from all 

patients in a sterile test tube containing EDTA-Na2 and 

stored in the Department of Biochemistry, BSMMU 

laboratory, where samples were stored at -800C until 

DNA extraction. DNA was extracted from peripheral 

blood lymphocytes using Invitrogen PureLink Genomic 

DNA Mini Kit (Carlsbad, USA) in the Virology 

laboratory of the Institute of Epidemiology, Disease 

Control and Research. After DNA extraction, quality 

and quantity were checked by thermoscientific 

Nanodrop2000 Spectrophotometer (Wilmington, USA). 

Then, Next Generation Sequencing was performed by 

HiSeqTM 4000 Illumina sequencer machine (USA) using 

nephrotic syndromegene panel (IDT primer, Illinois, 

USA), aligned to the human reference genome 

(GRCh37/hg19) using BWA programme, analyzed using 

Picard and GATK version-3.6. Nephrotic syndrome 

gene panel included DCK4, ARHGDIA, CD2AP, CFH, 

COQ2, COQ6, CUBN, DGKE, ITGA3, ITGB4, LAMB2, M

EFV, MYO1E, NPHS1, NPHS2, PDSS2, PLCE1, PTPRO, 

SCARB2, SMARCAL1, TTC21B, ACTN4, ARHGAP24, IN

F2, LMX1B, PAX2, TRPC6, COL4A5 and WT1 genes. 

Then, mutation analysis was performed.  

A renal biopsy was performed among 17 patients (whose 

parents agreed having a renal biopsy) for 

histopathological tests. 

Statistical analysis 

Quantitative variables were presented as mean and 

standard deviation. Qualitative data were expressed as 

numbers and percentages. 
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HIGHLIGHTS 

1. Eight percent of children of idiopathic steroid resistant nephrotic  

above one year had a genetic mutation in this study.  

2. Most patients had minimal change disease and IgA nephropathy. 

3. Patients with genetic mutation had diffuse mesangial prolifera-

tive glomerulonephritis and focal segmental glomerulosclerosis  

on renal histopathology. 



 

RESULTS 

More than half of the participants (56%) were males. 

The mean age of the study subjects was 106.3 months. 

The mean age at onset of 1st attack of nephrotic 

syndrome was 94.2 months. Eighty-eight percent of 

study subjects were full-term, 12% had a history of 

consanguinity, 4% had a family history of renal disease, 

44% had hematuria, 64% had hypertension, and 56% 

had pallor (TABLE 1). Their mean serum albumin level 

was 14.5 gm/ L, serum cholesterol level was 302.9 mg/ 

dL, 24-hour urinary total protein was 3.9 gm/ day, and 

serum creatinine level was 1.3 mg/ dL. 

Histopathologically, 7 (41%) patients had minimal 

change disease, and 3 (17%) had IgA nephropathy. 

(FIGURE 1).   

Only 2 (8%) subjects had a pathogenic mutations 

(TABLE 2). One had the nonsense type of homozygous 

mutation of NPHS2 gene in exon 5.  The other child had 

a missense type of hemizygous mutation of the COL4A5 

gene in exon 37. The initial attack of nephrotic 

syndrome occurred at 13 months of age in the NPHS2 

gene mutation patient. He was a full-term baby with no 

family history of renal disease or consanguinity, and 

renal histopathology showed diffuse mesangial 

proliferative glomerulonephritis. He had no hematuria 

but was hypertensive and pale; e-glomerular filtration  

rate was 22 ml/ min/ 1.73 m2, which corresponded with 

stage-IV chronic kidney disease.  

The initial attack of nephrotic syndrome was at the age 

of 66 months in a COL4A5 gene mutation patient. He 

had no family history of renal disease or consanguinity. 

Renal histopathology showed focal segmental 

glomerulosclerosis. He had no hematuria or pallor but 

was hypertensive, and e-glomerular filtration rate was 

108 mL/min/1.73m2. 

DISCUSSION 

In this study, 25 children with idiopathic SRNS had 

mutations in two genes (NPHS2 and COL4A5). Minimal 

change disease and IgA nephropathy were the most 

common subtypes on histological examination.  

Sharmin MS et al. Bangabandhu Sheikh Mujib Medical University Journal 2023; https://doi.org/10.3329/bsmmuj.v16i4.66671 

Genetic mutations in children with SRNS  225  

TABLE 1 Age, sex, clinical and laboratory findings of study subjects 
(n=25) 

Characteristics  Results  

 Number Percent 

Sex, male 14 56 

Pre-term birth 3 12 

Consanguinity 3 12 

Family history of renal disease 1 4 

Hematuria 11 44 

Hypertension 16 64 

Pallor  14 56  

Genetic mutation 2 8 

  Mean Standard deviation 

Age (months) 106.3  49.3 

Age of onset of 1st attack (months) 94.2 52.8 

Serum albumin (gm/ L) 14.5 3.2 

Serum cholesterol (mg/ dL)  302.9 97.2 

24-h urinary total protein (gm/ day) 3.9 2.7 

Serum creatinine (mg/ dL) 1.3 1.5 

TABLE 2 Genotype-phenotype and laboratory variables of the muta-

tion-positive study subjects (n=2) 

Variables  NPHS2 gene mutation COL4A5 gene mutation 

Mutation characteristics 

Transcript NPHS2 (-) 

(ENST00000367615.4) 

COL4A5 (+) 
(ENST00000328300.6) 

Location variant Exon 5 Exon 37 

Variant c.562G>T (p.Glu188Ter) c.3319G>C (p.Gly1107Arg) 

Zygosity Homozygous Hemizygous 

Inheritance Autosomal recessive X-linked dominant 

Classification Pathogenic Likely pathogenic 

Age at onset of nephro- 

tic syndrome (months) 

13 66 

Birth history Term Term 

Family history of renal 

disease 

Absent Absent 

Consanguinity Absent Absent 

Renal histopathology Diffuse mesangial prolifera-

tive glomerulonephritis 

Focal segmental glomeru-

losclerosis  

Hematuria Absent Absent 

Hypertension Present Present 

Pallor Present Absent 

e-glomerular filtration 

rate (ml/ min/ 1.73m2 ) 

22 108 

Sex Male Male 

FIGURE 1 Histological subtypes of children with steroid resistant 

nephrotic syndrome (n=17) 



 

Thomas et al. showed that the mean age of onset of the 

disease was 34.8 months.12 However, study participants' 

mean age and onset age are not directly comparable 

because of the differences in their enrollment criteria. 

Many studies, like ours, observed slight male 

preponderance.13 Most of our study subjects were full-

term baby. Congenital nephrotic syndrome usually 

happens in premature deliveries.14  Lipska et al. showed 

that 21% had a positive family history with sporadic 

steroid resistant nephrotic syndrome.14 Studies indicate 

that the causative recessive mutations are related to 

consanguinity.6, 12 and a positive family history. But 

sporadic mutation in SRNS were present in some 

studies.12 

Our findings of hematuria,15 hypertension,16 and 

anemia17 are similar to the studies worldwide. Low 

serum albumin, high serum cholesterol, significant 

proteinuria and raised serum creatinine levels12 might 

have been accentuated by children’s malnutrition, 

similar to our study. Most of the cases in our series had 

minimal change disease and IgA nephropathy, identical 

to other study findings.12  

The present study observed mutations in 8% only.  One 

patient had an NPHS2 gene mutation, and another had 

a COL4A5 gene mutation. Kari et al. showed that among 

the 44 children above one year of age with SRNS, five 

children had pathogenic mutations.18 Among them, 3 

cases had NPHS2 gene mutations, and two cases had 

NPHS1 gene mutations. NPHS2 gene mutation was 

presented at the age of 12 months, and 

histopathologically, focal segmental glomerulosclerosis 

was present.18 Thomas et al. showed that out of 4 

NPHS2 gene mutations, one patient had no history of 

consanguinity or family history of nephrotic syndrome, 

renal function normal, having membranous 

glomerulonephritis, a heterozygous missense mutation 

in exon 4, taking five immunosuppressive drugs.12 

Another study reported 6 mutations (COL4A3, 

COL4A4, and COL4A5 genes) in 19 patients with 

genetic mutations.19 Another study showed that a male 

SRNS patient presented at the age of 16 years with a 

negative family history or consanguinity, had 

progressive renal failure, no overt hematuria or hearing 

loss, FSGS on renal histopathology, and had COL4A5 

gene mutation.20  

Conclusion 

The frequency of identified disease-causing mutation in 

children older than one year with SRNS was 8%. The 

identified mutation was present in NPHS2 and COL4A5 

genes. Minimal change disease  was the major 

histological pattern. Children with genetic mutations 

had diffuse mesangial proliferative glomerulonephritis 

and focal segmental glomerulosclerosis in renal 

histopathology. NPHS2 gene mutation patient had stage

-4 chronic kidney disease.  
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