Molecular Biology Reports (2023) 50:4481-4490
https://doi.org/10.1007/511033-023-08387-4

ORIGINAL ARTICLE q

Check for
updates

Analysis of the association of NPHS2 and ACTN4 genes polymorphism
with nephrotic syndrome in Egyptian children

Mohammed F. al-azzawy' - Mohammad Al-Haggar? - Afaf M. EISaid? - Omali Y. El-khawaga’

Received: 3 January 2023 / Accepted: 14 March 2023 / Published online: 4 April 2023
© The Author(s) 2023

Abstract

Background One of the most common kidney illnesses in developing countries is pediatric nephrotic syndrome (PNS),
which is frequently associated with dyslipidemia and edema. The rapid discovery of genes related to NS has aided in the
understanding of the molecular mechanics of glomerular filtration. The goal of this study is to determine the relationship
between NPHS2 and ACTN4 in PNS youngsters.

Methods A study with 100 NS children and 100 healthy matched volunteers was conducted. Genomic DNA was extracted
from peripheral blood. Single-nucleotide polymorphisms were genotyped using ARMS-PCR.

Results A substantial decline in the level of albumin was found in NS cases (P <0.001) Further on, a significantly difference
in T.C and TG level between healthy and NS patient. Molecular study showed a highly significant difference of NS patients
from controls regarding NPHS?2 rs3829795 polymorphic genotypes as the GA heterozygous genotype shows highly significant
difference from controls (P <0.001) as well as GA + AA genotypes (P <0.001) in comparison with GG genotype. Regarding
rs2274625, The GA heterozygous genotype showed no statistically significant difference between genotypes and alleles with
NS (P=0.246). Association of AG haplotype NPHS?2 rs3829795-1s2274625 haplotypes found a significant association with
the risk of developing NS (P=0.008). Concerning the ACTN4 rs121908415 SNP, there was no link between this mutation
and NS children.

Conclusion The correlation of AG haplotype NPHS2 rs3829795-rs2274625 haplotypes identified a strong association with
the likelihood of getting NS, according to our findings. There was no connection found between the ACTN4 rs121908415
SNP and NS children.

Keywords NPHS2 gene - ACTN4 gene - Nephrotic syndrome - Single nucleotide polymorphism

Introduction

Nephrotic syndrome is known as a collection of a group
of primary and secondary renal disorders that share com-
mon physical glomerular filtration barrier alterations which
results in GFB failure in children and a clinical illness char-
acterized with a variety of renal and also extra-renal char-
acteristics such as proteinuria exceeding 3.5 g/dl, edema,
hypoalbuminemia, hyperlipidemia, and hypercoagulability
[1]. The etiological causes of NS range from primary renal
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diseases to systemic illnesses with various histopathological
presentations [2] It can also cause glomerulosclerosis and
renal failure in the absence of therapy response account-
ing for 85% of all end-stage renal disease (ESRD) [3]. The
main cause of the PNS is unknown. It can classified into
two major episodes based on the optimal corticosteroid
medications, namely steroid-sensitive nephrotic syndrome
(SSNS) and steroid-resistant nephrotic syndrome (SRNS)
[4, 5]. The quick revelation of genes that relate to NS has
assisted in the knowledge of glomerular filtration's molecu-
lar mechanics. Because it is almost certainly a kidney dis-
ease confirmation of a genetic mutation usually means a
lower chance of recurrence after transplantation [6]. Many
genes involved in the Slit diaphragms and actin cytoskeleton
influence podocyte function. The NPHS2 gene is located
on chromosome 1g25-31 so has a coding region of 1149 bp
with eight exons. It encodes podocin, a member of the family
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Stomatin protein with 383 amino acids that is produced by
visceral glomerular epithelial (podocytes) [7, 8]. More than
25 polymorphic variations and 100 harmful mutations have
been found in the NPHS2 gene, exist among the gene and
includes missense, deletion, and nonsense mutations [9, 10].
The ACTN4 gene was mapped to chromosome 19q13.2 and
encodes for "a-actinin-4 protein, an actin-bundling protein
of the cytoskeleton which is expressed widely through-
out the body but enriched in the kidney podocytes [11].
ACTN-4 has an important role in the function of the podo-
cyte cytoskeleton, with several reports investigating that
knock-down or/and overexpression of the transgenic model
with ACTN4 is accompanied with podocyte alterations and
proteinuria [12]. The mutations throughout ACTN-4 gene
were acknowledged as autosomal dominant (AD) late-onset
that cause focal segmental glomerular sclerosis (FSGS) [11].
From this point of view, the current study was conducted to
evaluate the role of NPHS2(rs3829795-1s2274625) haplo-
type and ACTN4(rs121908415) polymorphisms in primary
nephrotic syndrome in Egyptian children. In addition, some
Biochemical and clinical parameters such as serum creati-
nine, bilirubin, TG, TC, and albumin of control subjects, and
NS patients were investigated.

Materials and methods

A case—control comparative study of 100 children with
nephrotic syndrome from the Pediatric Nephrology Unit
of Mansoura University Children's Hospital (MUCH) from
2021 to 2022 with 100 children apparently healthy chosen
as controls. An informed written consent was taken from
all caregivers of patients and control volunteers. Confi-
dentiality of the patients was kept by doing code number
for each patient. The samples were collected according

to the ethical standards of Institutional Research Board
(MS.21.10.1722), Faculty of Medicine, Mansoura Uni-
versity. The study excluded any malignant cells, chronic
infectious disorders (including the hepatitis B and C
viruses), lupus nephritis, or drug-induced membranous
glomerulo-nephritis (MGN). All patients in this study
underwent a comprehensive clinical examination by the
same clinician, which included imaging tests using x-rays
and histopathology, In the laboratory, molecular examina-
tions for genetic changes and some biochemical analyses
have been done.

Blood sampling

Five milliliters of blood were collected by vein puncture
from all participants. Each collected blood sample was either
dispensed into EDTA-tubes for molecular studies or allowed
to collect for collection of serum after centrifugation for
biochemical parameters measurement. All samples were
obtained then stored at -20°c. Prior to the procedure, they
have been left to put in room temperature to use.

DNA extraction and genotyping

Genomic DNA will extract from peripheral blood cells
according to (Thermo Fisher) [13] and using DNA puri-
fication capture column kit supplied by (Thermo Scien-
tific GeneJET Genomic DNA Purification Kit #K0721).
The purified DNA was used immediately in PCR appli-
cation. Evaluation of NPHS2 (rs3829795), (rs2274625)
and ACTN4(rs121908415) were done using amplification
refractory mutation system-polymerase chain reaction (PCR)
(Table 1).

Table 1 Primer pairs were used

Mutation Primer sequence Size (bp)
to screen for NPHS1 rs437168
and NPHS2 rs3829795 mutation  NPHS?2 rs2274625 Common F (FO): 5'-CTGTGGATCACTGAGGGGAG-3' 416
by ARMS-PCR: G>A
Common R(RO): 5-CAAGCACGGTTAAGCATAGAAC-3'
R (G allele): 5-ATCCTAATCTTTCAAGGCCAAC-3’ 174
R (A allele): 5-GGGGAGTTATTAGCATCGGA-3’ 283
NPHS2 rs3829795 Common F (FO): CATCAACATCAGGCATAAGCAT 292
G>A
Common R(RO): ACAAAAGGTCATCGAATTAGGGT
R (G allele): CCTTTCTCTCCTCCCTCCG 201
R (A allele): CCTTTCTCTCCTCCCTCCA 201
ACTN4 1121908415 FO: 5'-CAGACCAGAGCTGATTGAGTATGACA-3’ 345
A763G
RO: 5'-GCTGCATCTCCTGGATAGTCTTTTG-3'
FI: 5-GAAGGCCATAATGACCTATGGGC-3’ 213
RI: 5-CTGAAAAGGCATGGTAGAAGCTTGA-3’ 182
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Primer-PCR program

The optimization of amplification was performed under the
conditions listed in Table 2. The PCR products were elec-
trophoresed on 2.5%, agarose gel that stained with ethid-
ium bromide and visualized under UV light. ARMS-PCR
was used for detection of NPHS2 rs3829795 according
to Hashemi et al. method [14] and ACTN4 rs121908415
Primers were designed based on gene sequence [15].
Briefly, two tubes were used to determine each variant for
every subject. Each tube contained 8 pl of external primers
(4 pl of forwarding control (FO) and 4 pl of reverse control
(RO)), 4 pl of DNA,4 pl of A allele primer for tube 1 and
4 pl of G allele primer for tube 2 mixed with 16 pl of mas-
ter mix (COSMO PCR RED Master Mix (W10203001),
willow fort). In an Eppendorf Gradients Thermal cycle,
PCR was performed. The selected rs2274625 marker was
genotyped using tetra-primer ARMS-PCR. This technique
is based on the use of two allele-specific inner primers
and two outer primers to amplify three different length
fragments from template DNA in a single PCR reaction
according to the method of Chamgordani et al. [16].

Table 2 Optimization of PCR conditions for of NPHS2 rs2274625,
NPHS2 rs3829795 and ACTN4 rs121908415 mutation by ARMS-
PCR

Variant name Cycle name Tem- Time  Number
perature of cycles
§®)]
NPHS?2 rs2274625 Initial denatura- 94 5 min 1
tion
Denaturation 94 40 s 30
Annealing 59 40s
Extension 72 50s
final extension 72 10 min 1
Sock 4 oo 1
NPHS2 rs3289795 Initial denatura- 94 5 min 1
tion
Denaturation 94 30s 30
Annealing 59 30s
Extension 72 30s
final extension 72 10 min 1
Sock 4 o0 1
ACTN4 Initial denatura- 95 5 min 1
rs121908415 tion
Denaturation 95 35s 35
Annealing 60 35s
Extension 72 40 s
Final extension 72 5 min 1
Soak 4 o0 1

Biochemical parameters measurement

The following tests were done to all participants according
to the manufacturer's protocols; serum of Total cholesterol
levels (T.C) (BioMed- L.S, Cat. No. CHO10490), Triglycer-
ide level (T.G) (BioMed- L.S, Cat. No. TG117090), Serum
albumin (BioMed, Cat, No. ALB100250), Creatinine level
(cat. No. CRE106100).

Statistical analysis

Statistical programmed for Social Science (SPSS) Version
25.0 was used to revise, encode, and tabulate the obtained
data. Pearson's Chi-square test was used to examine the gen-
otype distributions of mutations, as well as the frequency
of heterozygous and homozygous for each variant, between
patients and controls. It was considered significant if the
probability (P) score was less than 0.05 [17, 18].

Results

The current study represents a clinical trial including about
100 nephrotic syndrome patients and 100 controls from
Mansoura University Hospital between 2021 and 2022.
Hardy Weinberg equation revealed that all studied geno-
types in the control group, as well as in NS cases were in
HW equilibrium as no significant differences were found
between observed and expected counts in each group. The
present results show chosen data of all studied parameters in
control subjects compared to cases of NS patients. Patients
included 69 males representing the majority of cases and
31 females. The patients ‘age ranged with a mean (+ SD) of
11.4 (+3.8) years. The controls were 100 healthy individuals
including 65 male and 35 female. The controls™ mean age
(+SD) was 10.6 (+4.3) years. Both patients and healthy
controls appeared to be appropriately homogenous concern-
ing age (P=0.155) and gender (P =0.547) distribution.

As seen in Table 3 that showed comparison of serum
biochemical tests. Total cholesterol and triglyceride levels
were tested in healthy control and NS. Importantly, it was
found that a substantial decline in the level of albumin in NS
cases (P <0.001) Further on, a significantly difference in T.C
and TG level between healthy and NS patient. Additionally,
there was no significantly difference between studied groups
regarding to bilirubin and creatinine levels (P=0.358, and
P=0287 respectively).

Most of studied cases had no abnormality in US (79%),
while 15% had type I and 6% had type II nephropathy. A
percutaneous kidney biopsy was performed under general
anesthesia in children hospital endoscopy theater. Kidney
biopsy was taken during evaluation of patient with different
presentation. Out of all studied cases, 55 were subjected to
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Table 3 Comparison of

; . Control n=100 NS (n=100) Test of significance Pl

biochemical parameters among

the studied groups Serum albumin (g/dL) 45+04 2.8+0.6 F=24.49 <0.001
Mean+ SD
Bilirubin(mg/dL) 0.7 0.6 H=1.804 0.358
Median (range) 0.4-1) 0.4-1)
s. creatinine(mg/dL) 0.5 0.6 H=29.560 0.287
Median (range) (0.3-0.7) (0.3-6)
TC (mg/dL) 158 410 H=12.132 <0.001
Median (range) (98-230) (133-784)
TG (mg/dL) 78 195 H=12.761 <0.001
Median (range) (50-102) (34-608)

Bold values are highly significant

TC, total cholesterol, TG, triglyceride, SD, standard deviation, F, ANOVA coefficient; H, Kruskal Wallis
coefficient. P=probability, P <0.001 =highly significant, P>0.05=non-significant, n=number of cases.
P1, comparison between control and all NS

biopsy. Biopsy finding indicate that 44% of NS patients had
no abnormality, 7% had minimal change nephrotic syndrome
(MCNS), 3% had Membranoproliferative glomerulonephri-
tis (MPGN), while only one case 1% had focal segmental
nephrotic syndrome FSNS.

Distribution of (NPHS2) (rs3829795)
and (rs2274625) gene polymorphism in Controls
compared to nephrotic cases:

Table 4 shows a highly significant difference from controls
regarding NPHS2 rs3829795 but not rs2274625 polymor-
phic genotypes. For (rs3829795), The GA heterozygous
genotype was identified in 53 children with NS (53%) higher
than in controls (31%). Also, The AA homozygous genotype

was higher in NS with 7(7%) children than healthy con-
trol children with only 2 (2%). while the GG homozygous
genotype was lower in patient (40%) than control (67%).
GA genotype shows highly significant difference from con-
trols (odds ratio [OR], 1.927; [CI], 95% (1.338-2.777);
(P<0.001)) as well as GA + AA genotypes (OR, 2.002, [CI]
95% (1.402-2.858); (P <0.001)) increased the risk of NS
in comparison with GG genotype (wild type). The A allele
which represents 67 (33.5%) of NS cases and 35(17.5%)
of controls was associated with increased risk of NS (OR,
1.714; [CI] 95%, (1.285-2.278); (P <0.001)) in comparing
to G allele (wild type). Figure 1. Regarding rs2274625, The
GA heterozygous genotype was identified in 3 children with
NS (3%) and not found in controls. Figure 2. Also, The AA
homozygous genotype was disappeared in both subjects.

Table 4 Association of rs2274625 and rs3829795 genotypes and alleles with risk of NS susceptibility

NPHS2 Study groups
Control (n=100) % NS (n=100) % OR (95% confidence interval) P
NPHS2 rs3829795 Genotype GG 67 (67) % 40 (40%) Reference
GA 31 (31%) 53 (53%) 1.927 (1.338-2.777) <0.001
AA 2 (2%) 7 (7%) 2.964 (1.154-7.614) 0.024
GA+AA 33 (33%) 60 (60%) 2.002 (1.402-2.8587) <0.001
Allele G 165 (82.5%) 133 (66.5%) Reference
A 35 (17.5%) 67 (33.5%) 1.714 (1.285-2.278) <0.001
NPHS2 rs2274625 Genotype GG 100 (100) % 97 (97%) Reference
GA 0 (0%) 3(3%) 0.246
Allele G 200 (100%) 197 (98.5%) Reference
A 0 (0%) 3(1.5%) 0.082

Bold values are highly significant

P =probability; P <0.001 =highly significant; OR, odd ratio; CI, 95% confidence interval
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299 bp
201 bp

Fig. 1 Electrophoretic pattern of NPHS2 rs3829795 by ARMS PCR;
M indicate DNA marker (100 BP); 292 bp band shows the internal
control. Specific 201 bp bands illustrate G or A alleles based on the
primer; Lanes 1 and 2 represent GG homozygous; where G allele
appears at lane 2 and A allele absents from lane 1. Lane 3 and 4 rep-

Fig. 2 Electrophoretic pattern
of NPHS2 rs2274625 by tetra-
ARMS PCR. M indicate DNA
marker (100 BP); 416 bp band
shows the internal control.
Specific 283 bp bands illustrate
A allele; specific 174 bp bands
illustrate G allele. Lanes 2,
4,5,6,8,9, 10 represent GG
homozygous; where G allele
appears at 174 bp, A allele
absent from them. Lanes 1, 3
and 7 represent AG heterozy-
gous; where both A and G allele
appear at 283 bp and 174 bp
respectively

[ —1

While the GG homozygous genotype was lower in patient
(97%) than control (100%), no significant association was
found between genotypes, alleles with NS (P> 0.05).

Association of NPHS2 rs3829795- rs2274625
haplotypes among studied groups

The current analyses were performed with data derived from
chromosomal region 1q25-31on chromosome 1 with an aver-
age distance between SNP markers about 25 kb apart. GG
haplotype showed the highest incidence in cases (65.9) as
well as in controls (83), while AG haplotype showed the
lowest incidence for cases (32.6) and control (17). AG

-

resent AA homozygous; where A allele appears at lane3 at 201 bp., G
allele absents from lane 4. Lane 5, 6, 7 and 8 represent AG heterozy-
gous; where A allele appears at lane 5, 7. G allele appears at lane 6,
8 at 201 bp

AG GG AG

haplotype was significantly associated with risk to develop
NS (P=0.008, OR=1.744,95% CI (1.156-2.631)).

Association of NPHS2 rs3829795, NPHS2 rs2274625
with studied parameters

Biochemical parameters including serum, albumin, creati-
nine, bilirubin, TC, and TG, Also, ultra sound and biopsy
finding of all NS patients were investigated with NPHS2
genotypes. Table 5 show no significant Association of
studied parameters was found with NPHS2 rs3829795 or
152274625 among NS patients.
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Fig. 3 Electrophoretic pattern
of ACTN4 rs121908415 by
ARMS PCR; M indicate DNA
marker (100 BP); 345 bp band
shows the internal control. Spe-
cific 185,215 bp bands illustrate
A alleles based on the primer;
Lanes 1,2,3,4,5,6,7 and 8
represent AA homozygous;
where lanel, 3, 5, and 7 repre-
sents A allele, G allele absent
from lane 2, 4, 6 and 8

Association of ACTN4 rs121908415 genotype
and alleles with risk of NS susceptibility:

Regarding ACTN4 rs121908415 SNP, the overall genotype
frequencies were 100% for AA genotype, neither AG nor
GG genotype was detected in the NS patients and the healthy
controls. And there is no difference between studied cases
and controls related to AA genotype and A allele. Figure 3.

Discussion

One of the most frequent kidney disorders in developing
nations is a primary nephrotic syndrome (PNS) which is
described as NS without systemic illness and has a reported
prevalence of 1.5 per 100,000 children each year [19, 20].
NS is mainly characterized by proteinuria>3.5 g/24 h,
oedema, hypoalbuminemia and hyperlipidemia [2]. Pro-
teinuria is the most significant pathophysiologic alteration
for PNS, which causes hypoproteinemia and hyperlipidemia
(HLP) [21]. It is well known that any factor that destroys
the molecular or electrostatic barrier of the glomerular fil-
ter could result in proteins from the blood escaping into
the urine, which is a significant trigger at the onset of lipid
abnormalities. The abnormalities in serum lipoproteins
and lipids in nephrotic syndrome are predominantly due
to impaired clearance and, to a lesser extent, altered bio-
synthesis of them by inducing hepatic LDL-receptor gene
expression and function, causing hypercholesterolemia [22,
23]. On comparing all biochemical and clinical data between
healthy controls and PNS patients using ANOVA, there were
no significant differences in serum creatinine, and serum
bilirubin between the studied groups. On the other hand,
Cholesterol has been found statistically significantly higher
in NS (410 mg/dl) compared to control group (158 mg/dl).

Also, TGs is statistically significantly higher in NS (195 mg/
dl) compared to control group (78 mg/dl). These results are
consistent to Yang et al. [24] study as they reported that
cholesterol in children with NS plays an important role in
the progression of the disease. Also, our finding supported
by Hilmanto et al. [25] who reported that there were highly
significant differences in those parameters between PNS
patients and healthy control in a systematic review to ana-
lyze NS complications in children from Asia, Europe, and
the US, and Africa.

There are four forms of kidney disorders which can cause
pediatric PNS and adolescents. The most prevalent cause
of NS in young children is minimal change disease, which
can cause very little change to the glomeruli or adjacent
structures kidney tissue, Focal segmental glomerulosclero-
sis which disease can cause some of the kidney's glomeruli
to become scarred. Membranous nephropathy (MN) is an
autoimmune illness that causes immune proteins to accu-
mulate in the glomerular basement membrane of the kidney.
As a result, the membrane thickens and fails to function
effectively, enabling too much protein to enter into the urine
[26]. Out of all studied cases, 55 were subjected to biopsy,
44 had no abnormality, 7 had MCD representing the most
common pathology in NS patients, then 3 cases had MPGN
represent the second type, and finally, FSGS which appear
on the only case.

Regarding to the etiology of NS in children, epidemio-
logical studies have revealed many environmental factors,
inherited, and epigenetic variables are known to be linked
to the beginning and progression of the nephrotic syndrome
[27]. Nowadays, advances in genotyping techniques have
enabled researchers to conduct extensive genome associa-
tion studies, allowing them to investigate millions of SNPs
spread over an individual's whole genome [28].The dis-
covery of genetic abnormalities in the PNS increased the
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understanding of the molecular basis of NS problems and
brought the step closer to discovering a treatment.

The markers of NPHS2 might be applied as biomarker
for NS cause several polymorphisms have been discovered
assosciated with this disease [29]. Due to more accuracy of
haplotype analysis for genotype—phenotype correlations than
individual SNPs, it is useful to perform such procedure [30].
Moreover, it is more informative to analyze the biomarkers
in groups though each of them could be assessed separately.
Also, haplotype analysing could be more informative com-
pared with analyses of individual markers independently,
while multiple markers in a unique chromosome were
applied to find their relationship with a disease [31].

Among the existing biomarkers in the NPHS2 gene, one
intronic marker, rs2274625, and another marker in the pro-
moter region, rs3829795, were explored in this work. In NS
instances, the allele and heterozygosity degree of such mark-
ers were calculated and compared to healthy participants.
For the varient of NPHS?2 rs3829795, the NS group had an
overrepresentation of the GA and AA genotypes with 53%
and 7%, respectively, and a low presentation of GG (40%)
compared to healthy children who had a high presentation
for GG (67%) and a low frequency of GA (31%) and AA
(2%). NPHS2 G> A has a statiscal connection with nephrotic
syndrome, indicating that the G allele is the codominant
allele in a healthy individual while the A allele increases
the risk of nephrotic syndrome. In light of the novelty of our
findings, a study was conducted with the same subjects for
the rs2274625 variant, which revealed that the G allele had
the highest allele frequency with 98.5% frequency and the
A allele had the lowest frequency of 1.5% for NS patients
compared with healthy children with a high presentation for
G allele (100%) and no presentation of A allele. As P> 0.05,
there is no relationship between NPHS?2 rs2274652 and
nephrotic syndrome.Interestingly, the current analyses with
data derived from chromosomal region 1g25-31 on chro-
mosome 1 with an average distance between SNP markers
about 25 kb apart. We also revealed that the frequencies
of GG genotype at the SNPs rs3829795 site, 1s2274625
site, and haplotype GG in the NPHS2 gene, were less fre-
quent in NS cases, likely signifying that they were protec-
tive variants in the disease condition of NS. Moreover, the
GA haplotype showed the lowest incidence. GA haplotype
was significantly associated with the risk to develop NS (P
value =0.008).

These observations are consistent with the findings of Ira-
nian research, which discovered that the G>A allele may be
utilized as single-nucleotide markers in linkage analysis to
show NPHS2 gene abnormalities in the disease's molecular
diagnosis [32]. In a similar study for the northern Chinese
population, their data demonstrated that variants in NPHS2
gene were linked to the genetic susceptibility to NS includ-
ing rs3829795 [33]. We do not know the real impact of these
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mutations on gene progression but on other study as Caridi
et al. [34] found downregulation of NPHS2 gene expres-
sion at three variations in the NPHS2 gene promoter region,
suggesting that promoter region variants are responsible for
regulating NPHS?2 gene expression. NPHS2 mutations were
reported in patients from Italy, France, and Germany how-
ever Japanese children were found not to carry the mutations
[35]. The interethnic differences might have a role in the
incidence of such mutations.

Zhu et al. [33] present a previous study evaluated a rela-
tionship between variants in the NPHS2 gene and proteinu-
ria in PNSin Chinese population. In the present study, no
significant difference between biochemical parameters in
different genotypes being found among nephrotic patients
with G670A rs3829795, rs2274625 genotype, and so on US
and biopsy findings.

According to previous studies, the symptoms linked
with single mutations in ACTN4 gene in humans and ani-
mals involve both gain-of-function and loss-of-function
processes. Mutations in ACTN4 in humans cause a family
type of FSGS of juvenile or adult onset with an autoso-
mal dominant inheritance (AD) pattern. Also, disease-
related mutations increase actinbinding activity in vitro
while diverting it from its natural localization in vivo [36].
Patients and healthy subjects in this study were screened
for ACTN4 rs121908415 mutation, however no causative
ACTN4 was detected as the overall genotype frequencies
were 100% of AA genotype. Neither the cases nor the
controls were of GG or AG genotype.This suggests that
ACTN4 rs121908415 mutation is not a major cause of NS
in Egyptian children. Using a greater number of samples
may reveal a different possibility in the findings of this
gene's connection with nephrotic syndrome in Egyptian
children. A previous study evaluated 374 South Indian
participants for the existence of this mutation; their clas-
sification indicated that the A763G mutation was identified
only in three NS patients and not in the controls [15].

In conclusion, The diagnosis of mutations that cause
NS is essential for therapeutic considerations and genetic
guidance. Although, rs3829795 variant indicate a substan-
tial difference in the polymorphism, and rs2274625 did not
show any significance between NS and control, The study's
findings in the association of rs3829795 and rs2274625
haplotypes among the groups studied investigated their cor-
relations in Egyptian children which could be employed as
biomarkers in genetic analysis to aid in disease diagnosis.
Concerning the ACTN4 rs121908415 SNP, there was no
association between this mutation and NS children. Upcom-
ing research utilizing larger sample size and excluding some
confounding factors is a promising demand.
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