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Introduction
Nephrotic syndrome (NS) is autosomal recessive glomerular 

disease caused by increased permeability of the glomerular 
capillary wall for macro molecules. It is characterized by heavy 
proteinuria followed by hypoproteinemia, hypercholesterolemia, 
lipiduria and edema [1,2]. Diagnostic evaluation and prognostic 
classification depends on disease onset and response towards 
therapy. Differential diagnosis of NS can be narrowed down on 
the bases of disease onset as congenital, infantile and childhood. 
Congenital nephrotic syndrome (CNS) appears in utero or 
during the first 3 months of life. In case of Infantile NS, the onset 
of the disease starts between the ages of 4 months to first year 
of life, whereas childhood onset NS cases are diagnosed after 
first year of life [3]. On the bases of patient’s response towards 
steroid therapy, data suggested two different types of nephrotic 
syndromes, steroid sensitive nephrotic syndrome (SSNS) and  

 
steroid resistant nephrotic syndrome (SRNS). SSNS patients are 
managed by immunosuppressive therapy however; almost 20% 
patients with NS fail to respond steroid therapy and referred 
as SRNS having persistent proteinuria after 4 weeks of oral 
steroid therapy [4,5]. It is a life-threatening condition and renal 
transplantation is the only therapeutic option. 

In the renal system, the glomerular filtration barrier (GFB) 
of kidney serves as ultra-filter for plasma [6]. Its capillary wall 
is composed of 3 layers of cells i.e., fenestrated endothelium, 
glomerular basement membrane and the podocyte. Podocytes 
are highly specialized cells which consist of large cell body 
and elongated cellular extensions called foot processes. 
The adjacent foot processes bridge by a slit known as slit 
diaphragm or filtration slit. It is a zipper-like structure of 25-
40nm, the approximate size of an albumin molecule [7,8]. The 
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Abstract

Introduction: Steroid Resistant Nephrotic syndrome (SRNS) is a rare autosomal recessive kidney disorder caused by increased 
permeability of the glomerular capillary wall for macromolecules leading to heavy proteinuria, hypoproteinemia and edema. SRNS patients 
do not respond to steroid therapy and have a poor prognosis with high risk of end-stage renal failure. SRNS is caused by the genetic defects 
in podocyte expressed proteins which do not lead to recurrence after renal transplantation. To date several mutations in podocyte genes, 
NPHS1&2 have been associated as an underlying genetic factor. Here we investigated the pathogenic effects of the NPHS1 gene mutations 
reported in Pakistani patients.

Methods: In-Silico analysis was carried out to study the effects of previously reported 7 different mutations by using software’s i.e. SIFT, 
PROVEAN, Mutation Assessor, MSA, I-TASSER and PyMol. 

Results: Pathogenicity prediction tools and MSA predicted the damaging nature of these mutations and their conservation across the 
species respectively. Structural modeling using the I-TASSER and subsequent visualization by PyMol software demonstrated the position and 
effects of these mutations on different domains of nephrone protein.

Conclusion: Analysis predicted the potential deleterious effects of these mutations and showed interruption of nephrone protein with 
surrounding structural proteins that might have led to the disruption of filtration barrier resulting in SRNS.
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integrity of structural proteins, including nephrin, podocin, 
CD2-associated protein, P-cadherin, catenins and nephrin like 
1-3 serve to preserve the normal podocyte architecture [9, 
10]. Their structural disruption causes proteinuria leading to 
SRNS and many other glomerular diseases. Genetic factors are 
major cause of glomerular disease and understanding of these 
factors at molecular level is a valuable diagnostic tool for the 
selection of therapy. Genetic factors are further divided into 
two categories. The structural defects due to mutations do not 
lead to recurrence after renal transplantation because donor’s 
kidney does not have such defects. Whereas, immunological 
factors like production of B and T cell-dependant inflammatory 
cytokine against GFB disrupt the kidney function by changing 
the permeability of the filtration barrier and lead to recurrence 
even after renal transplantation [11-13]. 

SRNS is genetically a heterogeneous disorder as mutation(s) 
in various genes are involved in the pathogenesis of disease [14] 
of these NPHS1 (19q13) gene is reported as one of the most 
common disease causing gene in patients with SRNS. The NPHS1 
gene encodes nephrin protein consisting of 1241 amino acid 
which is an essential component of the slit diaphragm (SD). The 
NPHS1 knock-out mice model showed an effacement of pedicels 
and absence of slit diaphragm in their kidneys resulting in 
proteinuria and neonatal death [15-17]. NPHS1 gene mutations 
are most commonly reported in Finland with the incidence of 
1:10,000 live births. More than 200 functionally significant 
nephrin mutations had also been reported in non-Finnish 
patients from Malta, Europe, Old Order Mennonites, North Africa 
and America. [18-20]. In addition, study conducted on Pakistani 
SRNS patients reported 7 mutations in NPHS1 gene of which 
6 were novel [21]. In view of such a wide spectrum of disease 
associated NPHS1 gene mutations, this study was carried out to 
predict the pathogenicity and the effect of these mutations on 
nephrin protein by using In-Silico analysis.

Material and Methods
Patients diagnosed with Steroid resistant nephrotic 

syndrome were recruited from the Department of pediatric 
nephrology, Children Hospital, Lahore and the Department 
of pediatric nephrology, SIUT, Karachi and were subjected to 
mutation screening of all 29 coding exons of NPHS1 gene as 
described previously by Abid et al. (2012) [21].

In silico analysis

The observed missense mutations were further analyzed 
for their potential effects on the protein by using three online 
pathogenicity predictor tools, SIFT (Sorting Intolerant From 
Tolerant) (http://sift.jcvi.org/) [22], PROVEAN (Protein 
Variation Effect Analyzer) (http://provean.jcvi.org/index.php) 
[23] and Mutation Assessor (http://mutationassessor.org/) [24]. 
The evolutionary conservation of amino acid where mutations 
were found, multiple sequence alignment (MSA) across different 
species was constructed using the CLUSTAL OMEGA tool (http://

www.ebi.ac.uk/Tools/msa/clustalo/) [25,26] and phylogenetic 
tree was constructed with MEGA 5 program [27]. In an attempt 
to investigate the potential impact of the NPHS1 mutations on 
protein structure, in silico analysis was performed using the 
online protein modeling I-TASSER server (http://zhanglab.ccmb.
med.umich.edu/I-TASSER) and were further analyzed by PyMOL 
Molecular Graphics System, Version 1.7.4.4 2010 Schrodinger, 
LLC (http://www.pymol.org) for comparison between wild type 
and mutant protein. Further, translation analysis was done for 
frame shift and nonsense mutations identified in this study by 
using Expasy translate tool.

Results and Discussion
Sequence analysis

DNA of each individual from recruited patients were 
amplified and subjected to sequencing for mutational analysis 
and 7 mutations were identified. Mutations were homozygous 
or compound heterozygous in nature that includes 5 missense 
mutations (c.710T>C, c.2600G>A, c.2734G>A, c.3059G>T, 
c.3544A>G) a nonsense mutation (c.3478C>T) and a frame-shift 
mutation (c.2673dupCA). Figure 1 shows the representative 
electropherogram of mutations. Table 1 summarizes the 
identified mutations with specific nucleotide and amino acid 
change along with the respective exon. Analysis of missense 
mutations (c.710T>C, c.2600G>A, c.2734G>A, c.3059G>T, 
c.3544A>G).

Figure 1: Representative electropherogram of mutations in 
NPHS1 gene compared with wild type sequence (A) c.3478C>T 
mutation in exon 27 (B) c.2673dupCA mutation in exon 20.

Table 1: List of Mutations Identified in the NPHS1 Gene.

S. 
No

Age 
onset

(Years)

Nucleotide 
Change

Amino 
Acid 

Change
Exon Nature of 

mutation

01 Infantile c.710T>C p.L237P 6 Compound 
heterozygous

02 CNS c.2600G>A p.G867D 19 Homozygous

03 CNS c.2673dupCA -- 20 Homozygous

04 Infantile c.2734G>A p.A912T 20 Compound 
heterozygous

05 Infantile c.3059G>T p.G1020V 22 Homozygous

06 CNS c.3478C>T p.R1160X 27 Homozygous

07 CNS c.3544A>G p.T1182A 28 Homozygous
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Pathogenicity prediction

In silico analysis was done to predict the potential 
deleterious effects on protein conformation on the basis of its 
evolutionary conservation and location in three-dimensional 
structure of NPHS1 protein. Pathogenicity prediction tools 
classified three mutations (p.L237P, p.G867D, p.G1020V) as 
possibly pathogenic/damaging and two (p.A912T, p.T1182A) as 
a benign/tolerated mutation (Table 2). Homozygous mutation 
p.G867D was found in a steroid resistant CNS case as a result 
of consanguineous marriage and parents were segregating 
the mutant allele in heterozygous state. Although SRNS is 
known to be a monogenic disease but with the identification 
of heterozygous (single variants), homozygous, and compound 
heterozygous mutations, genetic mechanisms in podocytes are 
becoming increasingly complex. Di-genic inheritance pattern 
in SRNS patients was previously reported by Abid et al. 2012 
and Koziell et al. 2002 [19,21]. According to them di-genic 
inheritance pattern results in a “tri-allelic” condition, in which 
patient was found homozygous for a mutation in one gene and 
heterozygous for a mutation in the other gene. As p.T1182A 
mutation was found homozygous in nature and predicted as 
benign so, heterozygous mutation in any other gene may be 
there for the pathogenesis of disease thus further sequence 
analysis of other disease causing genes are suggested to confirm 
the di-genic inheritance pattern in such case. Interestingly in an 
infantile SRNS patient, the two different heterozygous mutations 
(p.A912T and p.L237P) that predicted as benign and pathogenic 
respectively, was found as a compound heterozygous mutation. 
In this case, parents were carrier for each mutation. This case 
was possibly showing the evidence for modifier and synergistic 
effects of genes in SRNS.  

Table 2: Pathogenicity predictions for identified mutations in NPHS1 
by three most commonly used online in-silico prediction tools.

Amino Acid 
Substitution Sifta PROVEANb Mutation 

Assessorc

p.G1020V Damaging 
(Score: 0.00)

Deleterious 
(Score: -7.62)

High 
Functional (FI 

Score 3.75)

p.T1182A Tolerated 
(Score: 0.91)

Neutral (Score: 
-0.24)

Neutral Non-
Functional (FI 

Score 0.00)

p.L237P Damaging 
(Score: 0.00)

Deleterious 
(Score: -5.51)

Medium 
functional(FI 
Score 2.41)

p.G867D Damaging 
(Score: 0.00)

Deleterious 
(Score: -5.39)

High 
Functional (FI 

Score 3.91)

p.A912T Tolerated 
(Score: 0.057)

Neutral (Score: 
-1.05)

Neutral Non-
Functional (FI 

Score 0.43)
aSIFT classify substitutions as damaging (SIFT score: < 0.05), or 
tolerant (SIFT score: >0.05). 
bPROVEAN v1.1: classify substitutions as «deleterious» (PROVEAN 
score is equal to or below a predefined threshold -2.5), and if the 
PROVEAN score is above the threshold, the variant is predicted to 

have a «neutral» effect. 
cMutation Assessor gives substitutions as high functional (FI score: 
3.50–5.50), Medium functional (FI score: 2.00–3.50), low non-
functional (FI score: 1.00–2.00) or neutral non-functional (FI score: 
<1.00)

MSA and phylogenetic tree

These predictions were also supported by multiple sequence 
alignment of NPHS1 orthologs. MSA and phylogenetic tree was 
used as another line of evidence that showed all amino acids, 
are highly conserved among species from human to zebrafish, 
except amino acid T1182, which varies in rat where threonine is 
replaced by alanine (Figure 2). Molecular phylogenetic studies 
described the fact that highly conserved DNA sequences have 
functional value which dictates the conservation of amino acid 
at their specific position and have a very important and crucial 
role in the integrity of protein structure and conformation 
of different domains. Through MSA analysis, our study also 
supports the fact which demonstrated that all these mutations 
occurred in the codons encoding the amino acids that belongs 
to a position which has sequence homology among all orthologs. 
Our results highlight that any mutation at these conserved sites 
leads to the major disruption in nephrin protein that may cause 
the disturbance of filtration barrier causing steroid resistant 
nephrotic syndrome. 

Figure 2:Phylogenetic tree and MSA showing sequence 
alignment of particular amino acid indicated by arrow and 
its conservation in other NPHS1 orthologs (across different 
species). A,B,C,D shows the conservation of amino acid (L) 
,(G) , (A), (G) in all species at position 237,867, 912 and 1020 
respectively indicated by red frame and arrow while E shows the 
conserved amino acid threonine (T) in all species except rat at 
position 1182.

Protein modeling

Structural modeling of missense mutations was done by 
using the online protein modeling I-TASSER (Figure 3). Protein 
modeling showed that p.L237P mutation is localized in the 
Ig -like C2- type 3 domain and represents a situation where 
leucine, a bigger and nonpolar residue usually buried in folded 
proteins is replaced by a much smaller and rigid residue, 
proline. The Ig -like C2- type 3 domain of nephrin protein is an 
extracellular domain that interacts with NEPH1, a surrounding 
structural protein. The nephrin-NEPH1 interaction is important 
in maintaining the architecture and permeability of SD and the 
substitution in this domain introduce conformational changes 
which are likely to disrupt nephrin-NEPH1 interaction. 
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The G867D & A912T mutations are localized in the Ig -like 
C2- type 8 domain while the G1020V mutation is located at the 
apex of β-sheet in the fibronectin type III domain. Molecular 
modeling predicted that these mutations introduce instability in 
the protein structure through increased steric encumbrance as 
these domains are involved in interaction with the surrounding 
molecules in SD. The fifth NPHS1 mutation, p.T1182A affects an 

amino acid of the unstructured loop in NPHS2 binding domain. 
The replacement of polar threonine with a smaller non polar 
alanine is likely to cause rigidity in the structure of the domain. 
Substitution of alanine in the NPHS2 binding domain at this 
position not only breaks H-bonds but also cause increased steric 
hindrance which in turn is predicted to affect the interaction of 
nephrin protein with podocin.

Figure 3: An illustration of Molecular distribution of NPHS1 missense mutations in relation to the functional domains of the nephrin protein. 
3A: ribbon diagram showing organization of four domains (Ig-like C2-Type 1&4 domains(dark green), Ig-like C2-Type 5-8 domains (light 
green), Fibronectin type-III domain (yellow) and NPHS2 binding domains (red)) of NPHS1 protein. The black circles specify the location of 
p.L237P (cyan), p.G867D (grey), p.A912T (pink), p.G1020V (orange) and p.T1182A (magenta) substitution mutations. 3B-3F shows the 
changes in the domains induced by p.L237P, p.G867D, p.A912T, p.G1020V & p.T1182A mutations and their comparison with wild type. 
These replacements introduce changes in the domain structure of that region, evident as conformational changes indicated by black arrows, 
thus bringing instability in the overall structure. Respective amino acids are shown as ball and sticks model.

Analysis of non-sense mutation (c.3478C>T)
Analysis of c.3478C>T, a nonsense mutation revealed that 

homozygous C to T substitution at nucleotide position c.3478 
in exon 27 replaced the codon CGA for arginine (R) with a 
premature stop codon (TGA) at position (1160). This p.R1160X 
mutation leads to the synthesis of a truncated protein of 1160 
amino acid residues instead of 1241 amino acids. This nonsense 
mutation result, in the loss of half portion of NPHS2 binding 
domain resulting in a disruption of nephrin- podocin interaction 
essential for the functional and structural integrity of glomerular 
podocytes (28) as represented in Figure 4.

Figure 4: Illustrating the effect of p.R1160X mutation. 4A: 
Represent the normal structure of protein nephrin showing all 
its functional domains Ig-like C2 type 1-8 domains, fibronectin 
type III domain and a transmembrane NPHS2 binding domain. 
4B: Represent the mutant protein with loss of some region of 
NPHS2 binding domain [29].

In silico analysis of frame shift mutation (c.2673dupCA)
Translation analysis for homozygous c.2673dupCA mutation 

was done by using Expasy translate tool (Figure 5). Analysis 
demonstrated that CA duplication at position 2673 in exon 20 
results in shifting of the reading frame from position 893 with 
the introduction of premature stop codon at position 904 leads 
to protein truncation. Comparison of crystal diagram with wild 
type protein model suggested the loss of both fibronectin type 
III and NPHS2 binding domains in the mutated protein which 
include some extracellular region, transmembrane and cytosolic 
region. These domains are responsible for the interaction with 
surrounding molecules to maintain the integrity of Slit diaphgram. 
Possibly loss of two these interacting domains may result in over 
all disruption of filtration barrier leading to proteinuria and 
steriod resistant nephrotic syndrome.

Figure 5: Figure 5: Conformational changes in the overall 
configuration of the mutant protein marked with arrows.
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Conclusion
Through sequence analyses, seven disease associated 

mutations were found in NPHS1 gene. In-silico analyses showed 
that 1 mutation is located in the Ig -like C2- type 3 domain, 3 
mutations in Ig -like C2- type 8 domain, 1 in fibronectin type III 
and 2 in NPHS2 binding domains. All of these domains play a 
critical role during the interaction of nephrin protein with other 
structural and functional proteins of slit diaphragm. Mutations in 
these important domains may result in overall disruption of SD. 
Further, in silico and in-vitro studies needs to be performed to 
explore the possible effects of these mutations in the structural 
development and functioning of slit diaphragm.
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