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Abstract

Background: Steroid-resistant nephrotic syndrome (SRNS) is characterized by unresponsiveness of nephrotic range
proteinuria to standard steroid therapy, and is the main cause of childhood renal failure. The identification of more
than 53 monogenic causes of SRNS has led researchers to focus on the genetic mutations related to the molecular
mechanisms of the disease. Mutations in the PLCET gene, which encodes phospholipase C epsilon 1 (PLCe1), have
been described in patients with early-onset SRNS characterized by progressive renal failure. In this study we screened
for PLCET mutations in Egyptian children with SRNS. This is a descriptive case series study aiming to screen for PLCET
gene mutations by direct sequencing of five exons—9, 12, 15, 19, 27—in 20 Egyptian children with SRNS who entered
the Nephrology Unit, Faculty of Medicine, Ain-Shams University from November 2015 to December 2017. The variants
detected were submitted to in silico analysis.

Results: We screened for mutations in five selected exons of PLCET gene. We identified seven variants in the five
selected exons with homozygous and heterozygous inheritance pattern, two are intronic variants, two are silent vari-
ants, and three are missense variants. We identified four novel variants two are silent with no clinical significance and
two are missense with uncertain clinical significance and pathogenic in-silico predictions; one p.Arg1230His in exon
12, the other is p.Glu1393Lys in exon 15.

Conclusions: We identified four novel mutations, findings which added to the registered SNP spectrum of the PLCET
gene. These results widen the spectrum of PLCET gene mutations and support the importance of genetic testing in
different populations of SRNS patients, therefore, to assess the vulnerability of Egyptian children to SRNS candidate
genes, further studies needed on a larger number of cases which undoubtedly provide new insights into the patho-
genic mechanisms of SRNS and might help in control of the patient. Additionally, the use of computational scoring
and modeling tools may assist in the evaluation of the way in which the SNPs affect protein functionality.

Keywords: Nephrotic syndrome (NS), Phospholipase C epsilon 1 (PLCE1), Steroid-resistant nephrotic syndrome
(SRNS), Nonsynonymous single nucleotide polymorphism (nsSNP), Synonymous single nucleotide polymorphism
(sSNP)

Background

Nephrotic syndrome (NS) is the main feature of child-
hood glomerular disease, and is characterized by heavy
proteinuria, hypoalbuminemia, and edema [1]. Most chil-
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renal disease (ESRD) [2, 3]. The predominant histopatho-
logical pattern of SRNS patients is focal segmental glo-
merulosclerosis (FSGS) which leads to ESRD in children
[4]. In an Egyptian single-center study of 741 Egyptian
children, SRNS was found in 43% (n=354) of patients,
and FSGS histology appeared in 19.2% of SRNS patients
[5]. Inherited structural defects of the glomerular filtra-
tion barrier were detected in isolated, as well as familial,
cases of SRNS [6]. The majority of genes known to cause
SRNS are recessive, and SRNS resulting from reces-
sive genes in early childhood involves the genes NPHS],
LAMB2, and PLCE1 [3].

Phospholipase C epsilon 1(PLCel) (EC.14.3.3) is a
member of the PLC enzyme family, and is involved in
the hydrolysis of phosphoinositide molecules (phosphati-
dylinositol 4,5 -bisphosphate (PIP2) into two secondary
messengers, inositol 1,4,5 -triphosphate (IP3) and dia-
cylglycerol (DAG), thereby contributing to intracellular
signaling. PLCel, which interacts with several partners,
is involved in multiple signaling pathways that can affect
gene expression and therefore cell growth and differentia-
tion [7]. Previous studies into PLCE1 mutations in popu-
lations with SRNS showed that PLCE1 mutations present
as an early-onset nephrotic syndrome (NPHS3; 610725)
which progresses rapidly to ESRD with diffuse mesangial
sclerosis (DMS) histology (truncating or with splice site
mutations) or presents in adulthood with FSGS histology
with C-terminal truncating or missense mutations. The
defect due to the truncation of PLCEI leads to a defect
in the phosphoinositide metabolic pathway. This defect
is a causative agent for kidney disease [8, 9], and is the
major cause of isolated DMS [10]. Till now, there is no
PLCE]I screening mutations have been identified in the
Egyptian children. In this study we aimed to identify
causative mutations of the PLCE1 gene in exons 9, 12, 15,
19, and 27 in twenty Egyptian children with SRNS and
analyze the pathogenicity of these mutations. This study
paves the way to further studies to assess the PLCEI
gene mutational spectrum in large scale within Egyptian
population.

Methods

Study subjects

This was a descriptive case series study conducted on 20
patients who entered the Nephrology Unit, Faculty of
Medicine, Ain-Shams University from November 2015 to
December 2017. NS is diagnosed when there is a urinary
protein excretion >40 mg/m? of surface area/hour with
urine protein: creatinine ratio (uPCR)>200 mg/mmol
with hypo-albuminemia and edema [11]. The patients
were aged between 1 and 16 years old at the onset of the
disease, and did not respond to eight weeks of oral treat-
ment with Prednisolone (Predsol Forte® or Solupred®)
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at a dosage of 2 mg/kg/day [11]. Congenital and famil-
ial NS patients with pedigree data were included within
the criteria of the study. The criteria for exclusion were
steroid-responsive NS or steroid-dependent NS, patients
with congenital renal anomalies, and patients with NS
secondary to a condition such as infection or lupus. Each
participant was informed about the study purpose, and
either verbal or some written consent was obtained and
signed by family members.

Clinical data and biochemical measurements

Venous blood samples (5 ml) were collected into ethyl-
enediaminetetraacetic acid (EDTA) tubes as part of rou-
tine medical procedures involving hospitalization. Some
of the blood was subjected to a complete blood count,
ESR, liver and renal function tests, urine analysis, and
albumin/creatinine ratio. Some renal biopsies were per-
formed by hospital pathology department. The rest of
the blood was used for molecular analysis. The molecu-
lar analysis was performed at Molecular Genetic and
Enzymology department, Human Genetic and Genome
Research Institute, National Research Centre, Giza,

Egypt.

Genomic DNA extraction, PCR amplification, and DNA
sequencing

Genomic DNA was extracted using DNA extraction
and purification kits (Qiagen, Hilden, Germany; Cat.
No0.51304) according to the manufacturer’s protocol.
Genomic DNA was amplified using Taq PCR master mix
(Qiagen; Cat. No. 201443) using intronic primers flank-
ing each of the coding exons of PLCEI [9, 12, 15, 19, and
27], with a total volume of 100 pl. Primer sequences and
PCR conditions are available on request, and primer
sequences as specified in [8] are shown in Table 1. The
purified PCR products sequenced using the chain termi-
nation method [12], in both directions, using the same
primers as used in the PCR amplification process, using
Big Dye Termination kits (Applied Biosystems, Foster
City, CA, USA). The data were analyzed on an ABI Prism
3500 Genetic Analyzer (Applied Biosystems,) according
to the manufacturer’s instructions. The DNA sequences
were analyzed by visual inspection, using Finch Tv (Geo-
spiza, Denver, CO, USA) to detect heterozygotic posi-
tions and exclude the background noise. The sequences
were subjected to in silico analysis for SNP annotation.

Statistical analysis

Statistical analysis was done using the statistical pack-
age for the social science (SPSS version 22.0) (IBM
Corp, NY, USA). Data were expressed as (mean =+ SD)
for quantitative data. Data were analyzed using
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Table 1 The Sequence of PCR primers
Fragment Sequence (5-3') Annealing TM Fragment (bp)
PLCE1_Ex9 F CGGTCAGCCTTAATGTAGGTC 47Ce 392
R GCTTGCAGAAGTACCTTTAG
PLCET1_Ex-12-13 F AATTGGAGCAAGTCTGGTGG 59 Co 502
R GTGTGACTGGACCTCTGACC
PLCET_Ex-15-16 F GATGTGGTGGTTTCTTTCCC 58 C° 477
R TCAAAGGAGTCTGGGGTCAG
PLCET_Ex-19 F GCTAACGTTCACCCAAGTGT 46Ce 465
R GCTAAGTGACTGAATTCAGA
PLCE1_Ex27 F GCTTATGAAATACCCTCACT 410 319
R GGCAACTGCTTCTGCTACGG

Student’s t-test as regards normally distributed data. P
value <0.05 was considered statistically significant.

Data set

We used BLAST [13] to align our query sequences
obtained by Sanger sequencing in abi format aligned
against the human reference genome version GRCh38/
hg38 from GenBank [14], and identified the differ-
ences between the nucleotide sequences of our queries
and the reference PLCEI gene sequence (GenBank;
NG_015799.1). The protein sequence of PLCel pro-
tein was retrieved in FASTA format from NCBI [15]
by protein ID (NP_057425.3) or from Uniprot [16] by
Uniprot ID (Q9P212). The human gene nomenclature
used follows the standards of the HUGO Gene Nomen-
clature Committee (HGNC) [17]. Protein structures
were downloaded from the PDB database [18]. The
variants were named according to #HGVS version 4.1
[19] and using the canonical transcript which con-
sist of 2302 amino acids and designated by ENSMBLE
ID ENST00000371380 or the GenBank transcript ID
NM_016341.4.

Computational analyses

To evaluate the effects of the SNPs, we used a range of
computational tools. We predicted the effect of SNPs
at the genetic level on gene expression or gene chro-
matin binding, and at the protein level, where residue
substitution may affect protein stability, intra- and
inter-molecular interaction patterns, and evaluated the
evolutionary conservation of residues. Table 2 shows
the tools and their methodologies used to predict the
pathogenicity of the obtained SNPs, as well as their
effects on protein structure and function.

Homology modeling

We evaluated the effects of amino acid substitutions on
the 3D structure of the proteins, which in turn affects the
function of the protein. Since a PDB structure for whole
sequence of the PLCel protein product is not available,
we used Modeller 9.23 software, which relies on the
satisfaction of spatial restraints obtained from the 3D
structures of proteins homologous to the query protein
[37]. We selected a specific amino acid sequence of the
PLCel protein, from positions 1198 to 2117, encompass-
ing the two novel nSNPs identified in this study. Using
the PSI-BLASTp database search tool, we searched each
domain sequence against the PDB database to obtain
well-matched PDB structures [43]. PDB files of highly
matched protein domains were used as templates in a
Multi template building model to predict the PDB struc-
ture of the PLCel protein domains that encompass the
two novel variants, and to determine the effect of amino
acid substitution on the 3D structure. The Modeller pro-
gram uses Python. The missing loops of the structure
obtained were refined using ModLoop [44]. Clashing
residues and bad rotamers were fixed using the Swiss-
PDB viewer [45] and Chimera. The PDB structure thus
obtained was submitted to structural and functional
analysis by evaluating the effect of the SNPs on its geom-
etry (root mean square deviation (RMSD) variation) and
its interaction pattern.

Results

The study was conducted on 20 patients with SRNS; 13
males and 7 females in a ratio of 1.85:1. The mean age
at the time of the study was 6 years. Fourteen patients
(70%) showed symptom relief with intensive immuno-
suppressive therapy such as cyclosporine A (CsA) (Sand-
immune®) at a dose of 150 mg/m2/day added to oral
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methylprednisone in two divided doses (Predsol®)., while
6 children (30%) were on dialysis. There was no consan-
guinity between the children.

Clinical and biochemical diagnoses were performed on
20 patients with SRNS and the results matched the cri-
teria for the diagnosis of SRNS patients. Table 3 shows
some of the clinical and biochemical data of the patients.

BLAST alignment results

Table 4 and Fig. 1 show a summary of results from the
mutation analysis of the PLCEI gene. Two SNPs were
identified in Exon 27. One was novel heterozygous non
sense g. 94313289 T>A, T2013T in one case (5%) and
one was an intronic SNP g.96072977G > A rs759855980
appeared in five cases (25%). Exon 9 contained a novel
heterozygous non sense variant c. 3595 G>T hetero
G1120G in one case(5%). Exon 12 had a novel het-
erozygous nSNP (c.3689G >A) with the codon change

Table 3 Clinical and biochemical data of the SRNS patients with
PLCET mutations

(2022) 23:150

Parameters (n=20) Mean (+SD)

S. Creatinin mg/dl 5130 (+.08473)

ESR mm/hr 38.8500 (+6.99078)
Albumin (mg/L) 4.2850 (+.5678)

uPCR mg/mg 3.9300 (4.52123)
Platelets count/microliter x 103 436.3000 (4= 157.83472)
TLC cells/mm3 x 103 8.004 (£ 1.905)

Hb% g/dl 10.5250 (4-.80843)
Agel(years) 6 (+4.8)

ALT unit/dl 35.2000 (4 13.00040)
AST unit/dl 32.9500 (£9.03487)

All measurements were calculated with p-value <0.05

Page 6 of 18

R1230H appeared in two cases (10%) one of them was
subjected to dialysis. Exon 15 had a novel heterozygous
nSNP (c.3253G>A) with the codon change E1393K
in one case (5%). In Exon 19 two previously reported
SNPs were detected: one heterozygous intronic SNP
¢.3871+40C>T with dbSNP id (rs2274225) appeared
in seven cases (35%) and another nsSNP variant
¢.4724G > C with dbSNP id (rs2274224) with the codon
change R1575P appeared in six cases (30%) in homozy-
gous pattern and eight cases(40%) with heterozygous
pattern.Figure 2 (A; and B;) shows the flexibility graphs
of both residues, colored according to the vibrational
entropy change upon mutation

Protein—protein alignment using BLASTp indicated
that the variant in exon 12 (R1230) is located in a con-
served domain designated as Cdd: ¢d16203 (EF-hand
motif found in phosphoinositide phospholipase super-
family) and the variant in exon 15 (R1393) is located in
a conserved domain designated as Cdd: ¢d08596 (Cata-
lytic domain of phosphoinositide-specific phospholipase
C-like phosphodiesterases).

Prediction of deleteriousness of SNPs at the nucleotide
level

Table 5 shows the results of the prediction of the del-
eteriousness of SNPs due to nucleotide substitution:
according to Varsome, Trapscore, Mutation Taster and
FATHMM- MKL results: nsSSNP R1230H; g.270037G > A
(exon 12) is regarded as a deleterious SNP and probably
damaging to the whole protein due to its conservative
score, and can affect the splicing site as well as the nsSNP
E1393K; g.276866G > A (Exon 15) is predicted as a muta-
tional hot spot site, located in a functional domain, there-
fore, may be deleterious can affect splicing of the protein

Table 4 A summary of detected SNPs identified using BLAST alignment, and their nomenclature according to the HGVS criteria

Exon Polymorphism Genetic position

Heterozygous/ Patients (n=20) Effecton coding dbSNP id (publication)

nomenclature (chromosomal position) Homozygous
9 NM_016341.4:c3360T>G  g.265282T>G, Heterozygous 1/20(5%) Non sense New
10:94,254,270-T/G p.G1120G
12 NM_016341.4:c.3689G>A  g.g.270037 G>A, 10: Heterozygous  2/20(10%) Missense New
94,259,025-G/A p.R1230H
15 NM_016341.4:c4177G>A,  g.276866 G>A, Heterozygous  1/20(5%) Missense New
10:94,265,854-G/A p.E1393K
19 NM_016341.4:c4724G>C  g.285852G>C, Homozygous 6/20(30%) Missense 152274224
10:94,279,840-G/C Heterozygous  8/20(40%) pR1575P [46,47]
NM_016341.4:.c4795440  g.290963 C>T, Heterozygous 7/20(35%) Intronic 152274225 (unpublished)
C>T 10:94,279,951-C/T
27 NM_016341.4:c.6004-36 9.324232 G> A, Heterozygous 5/20 (25%) Intronic 15759855980 (unpublished)
G>C 10:94,313,220-G/A
NM_016341.4:c.6039T>A, g.324301 T>A, Heterozygous 1/20(5%) Non sense New

10:94,313,289-T/A

pT2013T
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¢.3360T>G.p.G1120G

N R RP N

c.3689G>A, pR1230H

CATCAAA AAGG

c.4177G>A, p.E1393K

R P

DCCAACCCCC

N

c.4724 G>C, p.R1575P, Hetero

L Q T H

AcCTGCC E CCAACCCCC

4724 G>C, pR1575P, Homo

acc F AAAAT T

ol

c4795+40 C>T

G tTT1T16cAG Ac[alcaca] H

GTGATTAC|A
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AW

c.6039T>A, p.T2013T

¢.6004-36 G>C

Fig. 1 The chromatograms of obtained variants from direct sequencing and visually inspected by Finch TV. each variant called according to HGVS
criteria and ordered in ascending manner from exon 9 to exon 27, where A designate the exon 9 non sense SNP B designate the exon 12 missense
SNP C designate the exon 15 missense SNP D designate the exon 19 heterozygous missense SNP E designate the exon 19 homozygous missense
SNP. F designate the intronic SNP in exon 19. G designate the non sense SNP in exon 27. H designate the intronic SNP in exon 27; Each vertical
rectangle mark the location of SNP and each codon change leading to amino acid change designated by upper line with the codon and its relative

amino acid

accotding to Varsome, Mutation Taster, ans FATHMM-
MKL. Additionally, the intronic variant (rs759855980) in
(Exon 27) is predicted to damage the final protein tran-
script according to Trapscore only while other scores
predicted it as benign.. On the other hand, the vari-
ants: nsSNP R1575P (Exon 19), sSNP g. 94313289 T>A
(T2013T), sSNP G1120G: g.265282 T>G (Exon 9) and
intronic variant (rs2274225); g.290963C >T(Exonl19):
predicted to be simple nucleotide substitution without
any deleterious effect on transcription or splicing.

Estimation of the effect of intronic SNP on gene regulation

and DNA-chromatin binding

DNA genetic regions can be classified into functional and
regulator regions. Gene regulation involves the regula-
tion of gene expression and the chromatin binding affin-
ity; genetic variation may alter this regulatory process.
We used prediction algorithms to evaluate the effect of
intronic SNPs on genetic regulation. The Consite server
indicated that intronic SNPs can alter the DNA binding

affinity toward different transcriptional factors, and may
affect the transcription process, and thus protein expres-
sion (Table 6).

Prediction of nsSNP deleteriousness

Tables 7 and 8 show the predictions of the effects of nsS-
NPs on protein function produced by different scoring
tools. Many prediction scores (10/14) evaluated R1230H
SNP as a deleterious variant which may be disease caus-
ing. While a few prediction scores (6/14) evaluate E1393K
SNP as disease causing, the majority of predictions evalu-
ate it as a tolerated variant. The other nsSNP in exon 19 is
previously recorded (rs 2,274,224) and predicted as toler-
ated [46, 47]. This nsSNP has been reported to be related
to PLCEI mutations implicated in esophageal squamous
cell carcinoma in a Chinese population [48].

Evaluation of protein stability
Table 9 shows the prediction of the effects of amino acid
substitutions upon protein stability by calculation of
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(A, B,) resemble the DynaMut graphs flexibility results which reveal the
SNP positions (A;) R1230H (B;)E1393K where BLUE increase flexibility and RED decrease flexibility (A,(1230), B, (1393))resemble the inter-molecular
H- bonding of wild residues (A3(1230), B3(1393)) resemble the inter-molecular H- bonding of Mutant residues (A4(1230), B4(1393)) resemble the
inter-molecular Clashes of wild residues (As(1230), B5(1393)) resemble the inter-molecular Clashes of Mutant residues

Gibbs free energy change according to sequence varia-
tion; Table 10 shows the predictions of amino acid sub-
stitution upon protein stability by calculation of Gibbs
free energy change according to the 3D structure varia-
tion. The AAG value is calculated from the difference of
unfolding the Gibbs free energy value of the mutated and
wild type proteins in Kcal/mol, with an AAG>0 mean-
ing stabilizing and AAG<0 meaning destabilizing. The
sequence-based predictors, [-Mutant and Mupro, pre-
dicted that residue substitution at R1230H and E1393K
destabilizes the whole protein. The other structure-
based stability predictors differed. DynaMut predicted
that R1230H destabilizes and E1393K stabilizes the

protein, based on an analysis of deformation energy
(a measure of the amount of local flexibility in the pro-
tein) and atomic fluctuation (the amplitude of the abso-
lute atomic motion), The ENCOM server estimates the
effects of single point mutations on protein dynamics
and thermo-stability resulting from vibrational entropy
changes. Its analysis of mutant R1230H showed that
the Vibrational Entropy Energy (AASy;) ENCoM was
0.222 kcal mol™! K71, indicating an increase in mol-
ecule flexibility and decrease of protein stability. Mutant
E1393K had a AASVib ENCoM of—0.043 kcal.mol™.
K™, indicating a decrease in molecule flexibility and,
hence an increase in protein stability. PremPs indicated
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Mutation Trap Score Varsome FATHMML-MKL Mutation Taster
GREP DANN REVEL
G1120G (Novel)  0.062 -1.97 0.7419 Coding score 0.2837  0.999999999997818 disease causing

benign

R1230H (Novel)  0.359 deleterious

E1393K (Novel) 0.075 benign
R1575P 0.045 benign
152274224
152274225 0.06

benign
rs759855980 0.25

benign
T2013T 0.004

5.7699 0.9994
conseved

benign

5.9699 0.9986
conseved  pathogenic
553 0.6793 0.079
553 0.5286
benign
1.97 0.6348
0425

0.208 benign

0.605 pathogenic  Coding score 0.9937

Coding score 0.9837

Coding score
0.05564

Non-coding score
027012

Non-coding score
0.21292

0.99999490647148 disease causing

0.99040168642085 disease causing

0.999999910833424 simple amino acid

change, SNP

0.999999355568395 without splice site

change

0.99999991390954 With splice site change

Non-coding:( positions in intergenic regions, introns or non-coding genes), coding: (positions within coding-sequence exons). GERP:Genomic Evolutionary Rate
Profiling (GERP): It ranges from -12.3 to 6.17, with 6.17 being the most conserved. DANN Score is a pathogenicity scoring methodology from 0 to 1 being highly
damaging. REVEL is a new ENSEMBLE method for predicting the pathogenicity of missense variants 0 to 1, with higher scores reflecting greater likelihood that the

variant is disease-causing

Table 6 Consite server results elucidate the effect of SNP on gene regulation

Mutation Genomic position Wild type TF* Predicted Binding site TF binding Score
binding affinity affinity after
(Species) mutation
152274225 9.290963,c.38714+40C>T PAX6 9.357 387143810 3871451 (TTCTTGGATGATTT)  Athb-1 6.726
(exon 19) (H.Sapiens)
rs759855980  g.324232,c.6004-34G>A  PAX6 11.332  c.6004-39 to c.6004-26 (ATTACGGATGAATG) Thing1-E47 7912
(exon 27) (H.Sapiens)
"Transcriptional factor
Table 7 Evaluation of the deleteriousness of nsSNPs by the predictSNP1.0 server based on many prediction tools
Mutation PredictSNP MAPP PhD-SNP PolyPhen-1 PolyPhen-2 SNAP SIFT
R1230H Deleterious Deleterious Neutral Deleterious Deleterious Neutral Deleterious
(0.606973) (0.409295) (0.58231) (0.744912) (0.811429) (0.554397) (0.792808)
E1393K Neutral Neutral Deleterious Neutral Neutral Neutral Deleterious
(0.653073) (0.642291) (0.607981) (0.668841) 0.711712) (0.554397) (0.429699)
Table 8 Prediction of nsSNP deleteriousness by another different ranking scores
Mutation FATHMM  SIFT PROVEAN  SNPs&GO PANTHER Mutpred Suspect  SNP analyzer
R1230H 0.23 0.0 —4.128 0.683 0.554 Probably damaging  0.637 34% Disease
tolerated = damaging  deleterious  Disease Gain of ubquitina-tion  benign
E1393K 0.55 0.04 — 2662 0.194 0.570 23% Disease
tolerated = damaging  deleterious  Neutral Probably damaging Gain of methylation benign
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Table 9 Sequence-based stability predictions

Mutation I-mutant2.0 Mupro

R1230H ddG - 1.3 decrease stability ddG=-1412120
Decrease stabil-
ity

E1393K ddG - 0.6 decrease stability ddG=-1.02738

Decease stability

Table 10 Structure-Based stability Predictions

(2022) 23:150
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that the stability of the protein increased with both
mutations.

Estimation of position conservation

The estimation of the position conservation of spe-
cific residues is important when estimating a residue’s
evolutionary functionality, and can be predicted using
WebLogo and Consurf.Figure 3 shows the Consurf
results. The conservation score of R1230 was 9 and

Mutation PremPS DYNAMUT AAG mCSM AAG SDM AAG DUET AAS;,
(AAG) ENCoM
R1230H 1.68 kcal/mol —0.529 kcal/mol —1.450 kcal/mol 0.890 kcal/mol (Sta- —1.178 kcal/mol 0.222 kcal.mol-
(Stabilizing) (Destabilizing) (Destabilizing) bilizing) (Destabilizing) 1.K-1 (Increase of
Core location molecule flexibility)
E1393K 0.4 kcal/mol 0.156 kcal/mol (Stabi-  0.171 kcal/mol (Sta- —1.000 kcal/mol 0.387 kcal/mol (Sta- —0.043 kcal.mol-1.K1
(Stabilizing) lizing) bilizing) (Destabilizing) bilizing) (Decrease of molecule
Surface location flexibility)
201 1211 1241
KGFQSFMVED BNTSIVIVE | AVPCNRSBSE
beebbbbe bebbbbebbe bb beb beebbebb bbeb
f 88 fs fasffaf £ L££L £ sf
231 1261 1271 1281 1291
SAPLYTNLTI DENTSD QD LDEEVTVEY LELFEKSKQQ LSDNQROISY
beebbabeb bebbeeeb babbbeb bb
£ S 952C 22 ¢ ff fs £
32'. 1311 132 133 1341
WYWENTY] GISTESTSEG 1FGVGILQEN DIMNCTGEH CTYDEILSER
o ,Jb bl )} bbbe b bebb bbbbbbbebe ebbeeb b bbebb
B 80 88 £ 25555 £ £ ssff £ £ s
1351 1361 1371 1381 1391
INEISIC HQG FETTER [JSKNDESQEN EKELQLELEN
bbbbbbbabb babbb b bebebbb
£ stff ssfss sf sff £ ff ¢ 0 fs
Fig. 3 The conservation score obtained according to Consurf prediction score. The arrows indicating the position of two novel mutations at R1230
and at E1393. Symbol characters (e) indicate the amino acid position is exposed (f) indicate that the amino acid position is predicted functional
residue (highly conserved and exposed). b indicate that the amino acid position is a buried residue (s) indicate that the amino acid position is
predicted structural residue (highly conserved and buried)
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Mus musculus (NP_062534.2), Rattus norvegicus (NP_446210.1),

ns containing R1230 (according to human sequence) While b represent
tion containing the other mutant amino acid E 1393 (according to

the symbol was f, meaning it is highly conserved and
functional, while E1393 has a score of 5 and symbol e,
meaning it is a moderately conserved and exposed res-
idue. Figure 4 also shows the WebLogo results, which
indicate that the R1230 position is highly conserved.
The overall height of its stack indicates the sequence
conservation at this position takes 2.4 bits, and the
height of the R symbol within the stacks reflects the
relative frequency of the corresponding amino acid at
that position between different species. Position E1393
showed a moderate stack height and lower bits.

Homology modeling

Figure 5 shows the PDB structure created, which has
three chains that resemble three conserved domains in
the PLCel protein, as follows: the sequence from 1199

to 1392 resembles the EF-Hand domain, that from
1393 to 2005 resembles the catalytic domain of phos-
phoinositide-specific phospholipase C-like phospho-
diesterases, and that from 2006 to 2117 resembles the
RA1 RAS binding domain. The structure was visual-
ized using Chimera. Figure 6 shows the Ramachandran
plot of this PDB structure, and its quality and validity
was verified using PROCHECK [49].

Effect of SNP on protein 3D structure: prediction

of the structural changes introduced by an amino acid
substitution

We estimated the effect of the SNPs on the 3D structure
of the protein, according to the structure deformation
and variation in interaction patterns. Missense3D indi-
cated that substitution R1230H leads to a change from
an exposed to a buried state where ARG is exposed
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(RSA 36.2%) and HIS is buried (RSA 8.6%). (RSA <9%
for buried and the difference between RSA has to be at
least 5%). The Missense3D predictor concluded that the
R1230H substitution leads to protein structural dam-
age without altering the secondary structure 'T’ (5-turn
helix). E1393K was not predicted to lead to any struc-
tural damage.

Molecular visualization

Molecular visualization and 3D structure analysis was
performed using Chimera software [40]. The superpos-
ing feature (structure comparison) between the wild type
modeled PLCel protein and the modeled mutated forms
at positions 1230 and 1393 showed an overall RMSD
equal to 0.00, indicating no deviation between the wild

Fig. 5 The modeled 3D structure presicted by modeller 9.23 and
viewed by UCSF chimera. The 3D structure appeared as a trimer (3

chains: A,B,C) chain A (Blue colored), Chain B(Green colored) and and mutated structures. The differences in interaction
chain C(Red coolorred) and labelled by the positions of the two patterns between the wild type and mutated structures
amino acids comprising the obtained two novel SNP at R1230 (in were analyzed using the Rotamer feature of Chimera.

Chain Aland E1393(in chain B) Figure 6 and Table 11 show that there was no change in

PROCHECK
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saves
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=
5]
o
=rs)
D
=
=
iy
~b
- ] -
S T T T T T = 7 T
-180 -135 -90 -45 O 45 90 135 180
Phi (degrees)
Plot statistics

Residues in most favoured regions [A,B,L] 663

Residues in addition allowed gions [a,b,l,p] 74

Residues in genero allowed regions [—a,~b,~1,~p] o

Residues in disallc regions o

Number of non-glycine and non-proline residues 737 100.0%

Number of end excl. Gly and Pro) 78

Number of glycin dues (shown as triangles) a8

Number of proline dues 46

Total number of residucs 900

least 2.0 Angstroms
would be expected
Fig. 6 Evaluation & Validation of predicted PDB model: where the Ramchandran Plot revealed that 90% of all modeled residues lie energetically in
the most favored regions. According to PROCHECK server
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Table 11 Inter-molecular H- bonding and Clash Analysis of Wild and mutant structure of modeled PLCe1 according to chimera

Position/analysis 1230 1393
Wwild Mutant Wwild Mutant
H-Bonding analysis 1 H-bond 1 H-bond with 2 H-bonds found with ASN 1 H-bond found with ASN 1390 3.339 and
with Lys 1234 Lys 1234 with dis- 1390 distance 2.671 and the another H- bond lost
with dis- ~ tance=3241A  3339A
tance=3.241 A
Inter-molecular Clashes analysis 1 clash found 20 clashes found  No clahes found 20 clashes found with LEU 1840 and LYS1392
with SER 1229 with ARG1276,
with dis- . ARG1228, and
tance2.484 A LYS1231

1230

1393

Mutant

<<
vOw @O

Hydrogen Sona @ &
Hycrophobic o & Carbony! @ O
Fig. 7 Intra-molecular Interactions analysis by using PremPs server: The tow interesting sites 1230 with wild (ARG) and mutant (HIS) intearctions
with adjacent residues (VAL 1227, ARG 1228, ASP 1232, PHE 2006 and LYS 1234) and 1393 with wild (GLU) and mutant (LYS) interactions with
adjacent residues (ASN 1390 and ILE 1391). Each type of interaction have its specific graphical color and appeared as line dots

Aromatic @ €& O

Polar & @ 1onic

Clash L L

H-bonding pattern upon R1230H mutation, while the
E1393K mutation led to the loss of one H-bond between
LYS1393 and ASN1390. Inter-molecular clash analysis
showed an increase in clashes of H1230 and K1393 in
comparison with the wild type residues R1230 and E1393,
respectively. (Note: Chimera analysis criteria: H-bond-
ing analysis, constraints relaxed by 0.4 angstroms and
20 degrees; and Clash analysis, allowed overlap: —0.4,
H-bond overlap reduction: 0).

Estimation of protein-protein interactions

DynaMut and PremPs were used to compare non-cova-
lent interactions between wild type and mutant resi-
dues, with adjacent residues showing exchange between
this. The production of different interactions leads to
destabilization of the protein upon R1230H mutation,
according to DynaMut, and stabilization of the protein
when both mutations occur, according to PremPs. Fig-
ure 7 shows the interaction pattern of the PLCel PDB
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Table 12 The results of interaction prediction of wild type and mutant forms of PLCE1 with IQGAP1

Interacting molecules Number of Number of Number of Number of Number of hydrophilic-
interacting residues interacting residues  hydrophilic- hydrophobic- hydrophilic interaction
Molecule1 Molecule2 hydrophobic hydrophobic

interaction interaction

Wild Type PLCET and 461 318 3521 1529 1973

3fay.pdb

PLCE1 mutated at 461 318 3511 1527 1976

R1230H and 3fay.pdb

PLCE1 mutated at 461 318 3511 1527 1978

E1393K and 3fay.pdb

structures, both wild type and mutated at R1230H
and E1393K, according to PremPs predictions. Fur-
thermore, interactions between modeled structure of
PLCel and IQGAP1 PDB structure was computation-
ally evaluated before and after mutations at the two
positions. Table 12 shows the CoCoMaps interaction
results according to the extent of structure hydropho-
bicity or hydrophilicity upon mutation. The interaction
between PLCel and IQGAP1 was predicted to be inter-
rupted by the mutation.

Molecular docking

To further evaluate the changes in interaction pat-
tern induced by mutations, we used molecular docking
to estimate the effect of amino acid substitution on the
interactions of the protein with small molecules, even
when the mutations were not in the active site. We used
Auto Dock Vina to estimate the interactions between the
modeled structures of the wild type and mutated struc-
tures of PLCel as an enzyme (receptor) and its substrate,
phosphatidylinositol 4,5-diphosphate(PIP,), and examine
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Fig. 8 Auto Dock Vina results analysis of wild and mutated structures: The ligand (PIP,) appeared in the center of the structure(as sticks) surrounded
by the adjacent protein residues in the docking pocket appeared in green circles where A wild type docing result B mutant R1230H docking results
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Table 13 Summary of AutoDock Vina Results
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Receptor Ligand Binding energy (Kcal/mol) Interacting Residues

Wild PLCE1 PIP, -73 H 2019, T 1275,L 1273, F 2030,G 2020,V 2029, G 2105

R1230H PIP, —7.1 E1437,V1675,1 1485, E1486, K 1538, E1657,5 1759, S
1758,K1655,L 1760, N 1761

E1393K PIP, —75 D1331,T1275,N 1310,N 1330, N 1335,12107

Table 14 Docking results of modeled PDB of PLCel with PIP,
using Patchdock

Receptor Ligand Score ACE

WILD PIP, 5058 40.36
R1230H PIP, 5292 —792
E1393K PIP, 5058 40.36

whether the mutation of the residues changed the bind-
ing affinity and conformation energy. The results were
viewed using Discovery Studio 2.5.5 (Accelrys Pipeline
Pilot Co.). Figure 8 and Table 13 show the lowest calcu-
lated binding energy value of modeled PLCel to PIP,,
where the binding energy of the wild type protein to
PIP, was — 7.5 kcal\mol. This agree with modeled mutant
PLCel at E1393K which show the same calculated
binding energy, that is in contrast to modeled mutant
PLCel at R1230H which had a larger binding energy,
of —7.1 kcal\mol with changed binding residues indicate
that affecting the docking pocket, and consequently the
patterns of interaction.

The docking results were also evaluated using the
Patch Dock server. The docking score and atomic contact
energy (ACE) of the native and mutant complexes of the
predicted structure of PLCel and PIP, were calculated.
Table 14 shows that the docking score of wild PLCel was
lower than that of mutant R1230H, and the same as that
of mutant E1393K. We confirmed that mutant R1230H
may lead to deviations in the interaction affinities of the
protein.

Discussion

SRNS is challenging for clinicians, because of the dif-
ficulty of its prognosis and management. Thirty to forty
percent of patients develop ESRD, requiring dialysis and
transplantation [50]. The early identification of disease
onset can help in resolving this problem. The screening
for mutations in SRNS patients provides a decision about
whether to complete or stop steroid therapy, and when
to consider transplantation and dialysis. Trials of the
screening of genetic mutations in candidate genes impli-
cated in SRNS pathogenesis, like NPHS1, NPHS2, and

PLCE], is recommended in many populations in which
the ethnicity and geographic location are important fac-
tors in the variation of the histopathologic lesions. Differ-
ent genetic mutations in different populations make the
need for genetic testing and histological pattern determi-
nation of different populations valuable for disease prog-
nosis and management. There have been previous studies
screening for NPHS2 mutations in the Egyptian popula-
tion that showed novel mutations [51, 52]. Therefore, in
this study we looked for new mutations of the PLCEI
gene in Egyptian SRNS patients.

In comparison with the database, the investiga-
tion revealed two novel heterozygous missense muta-
tions in exonl2 (R1230H) and exonl5 (E1393K). Each
is computationally predicted to be pathogenic and has
a high conservation score, and the two SNPs are in
two conserved domains in the PLC superfamily. The
R1230 position is highly conserved even in Danio rerio,
according to Lovric and colleagues, who assert that
“the missense mutation is regarded as a disease caus-
ing if a position is continuously conserved at least up
to Danio rerio (Zebrafish)” [53]. Since the relationship
between the SNPs and the disease is obscure, this study
was dependent on many prediction tools using differ-
ent methods to predict the effects of nucleotide vari-
ants on structural and functional levels. This analysis
was performed step by step, from an estimation of the
effect of nucleotide substitution on DNA regulation
properties and binding affinity, to residue site conser-
vation and the effect of residue substitution on protein
stability, to the interaction and docking properties of
the protein with its substrate. The mutant R1230H may
lead to destabilization of the whole protein and changes
in the affinity of the protein to its ligands. The results
were confirmed by the high conservation score of this
site. The results are based on many in silico prediction
methods, but the results need further clinical and labo-
ratory work for further confirmation.

Missense mutations may affect the function and stabil-
ity of the PLCel protein [8], and lead to glomerular scle-
rosis [54, 55]. The present study is the first to screen for
PLCE1 genetic mutations in Egyptian children by linking
computational, molecular, and clinical results, to widen
the spectrum of PLCEI mutations related to SRNS. We
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demonstrated a novel heterozygous mutation in exon 12,
¢.3689 G>A (R1230H). This finding may be in accord-
ance with the case of a Caucasian boy from a Romanian
family who was diagnosed at six months of age with NS,
and failed to respond to steroids. Renal biopsy indicated
the presence of DMS, and he reached ESRD at 13 months.
He had a PLCEI missense mutation due to the nucleo-
tide substitution nt3736C>T in exon 12, with the codon
change R1246X [56]. Also, there is a registered SNP with
dbSNP ID rs778503393 missense variant A/G K1231R
(NC_000010.11:2.94259028A > G) (57) with a prediction of
pathogenesis matching our novel SNP R1230H in the same
domain, indicating that this domain may not be functional,
but may affect the protein stability especially it is belong-
ing to a highly conserved domain. This R1230 position
may be a mutational hotspot (disease related position), and
further in vitro work is needed for confirmation.

A Chinese study showed that the compound heterozy-
gous nucleotide mutation 577G > A, causing codon change
V1931, and 2770G>A, causing codon change G924S,
altered the function of PLCel in a two-year-old Chinese
girl with mild mesangial proliferation, who showed resist-
ance to methylprednisolone therapy. She went into com-
plete remission after two weeks of treatment with CsA,
a calcineurin inhibitor [58]. These observations are in
accordance with our study, which showed a six-year-old
boy with two heterozygous mutations in exon 12 and exon
15 had mild focal mesangial disease with minimal change
in another set of glomeruli, showed resistance to predni-
solone, and entered remission after treatment with both
cyclosporine and prednisolone. In another context, a sin-
gle copy of the heterozygous mutation does not produce
FSGS, if the mutation appeared in both parents recessive
heterozygous mutations of PLCEI can aggravate FSGS
histology in combination with other heterozygous muta-
tions in other podocyte genes, a phenomenon called
bigenic heterozygosity [59]. Thus, a further study with
gene panel technique is needed to evaluate the mutational
analysis of candidate genes in these patients.

The study also demonstrated a nonsynonymous SNP
in exon19 showing amino acid change R1575P, matching
the results of Machuca et al. in 2010 [46]. This mutation
was not identified as playing a role in the pathogenesis
of SRNS in those patients, and this nsSNP (R1575P) also
appeared in a Vietnamese study which showed seven-
day-old boy diagnosed with CNS with heterozygous
inheritance [47].

Conclusions

We identified and described mutations in the PLCEI
gene in Egyptian children. To our knowledge, this is the
first study to identify mutations in Egyptian patients with
SRNS and widens the spectrum of PLCEI mutations in
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children with SRNS. The computational methods used
in this study revealed the importance of using a range of
algorithms with different prediction capacities to esti-
mate the effect of variations on protein structure and
function. These results will encourage other researchers
to conduct more analyses of the relationship between
PLCEI mutations and SRNS phenotypes in Egyptian chil-
dren, and their prevalence.

Limitations

The limitations of this research study included the need
for large scale mutational screening of the PLCEI gene in
Egyptian children, with comparisons to healthy controls,
to evaluate the prevalence of these mutations in our pop-
ulation, and the lack of in vitro protein analysis. In addi-
tion, We screened just part of the gene, only five exons,
the need to assess the whole PLCE1 exons for full investi-
gation of mutational screening in those patients.

Abbreviations

ACE: Atomic contact energy; DMS: Diffuse mesangial sclerosis; ESRD: End-
stage renal disease; FSGS: Focal segmental glomerulosclerosis; HGNC: HUGO
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