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Acute myeloid leukemia(AML)is a blood cancer and a malignant disorder of the bone marrow in
which hematopoietic precursors are ceased at an early stage of development, preventing them
from differentiating. The NRAS gene plays a vital role in regulating cell division. The mutationin
this gene leads to an increased activity of the RAS pathway, increased proliferation and
decreased apoptosis rates which causes AML. Objective: To identify the deleterious SNPs
involved in AML and to further analyze them using bioinformatics tools. Methods: The missense
nsSNPs (061H, 061L, G13V, G13R, and G12A) of NRAS were retrieved from NCBI databases.
Results: Using in silico analysis, it was found that these pathogenic SNPs could disrupt the
protein stability. These mutations were presentin the conserved regionand had the potential to
significantly alter the protein's secondary structure and impair its functionality. The structural
effect of mutations was observed by generating 3D models. Post-translational modifications
(PTMs) of proteins refers to the chemical modifications that occur after a protein is formed to
make it functionally capable. Analyzing PTMs via in silico analysis revealed that missense
mutations affect protein functionality. The level of methylation was significantly high in AML
patients. These SNPs might affect additional proteins which are functionally associated.
Conclusions: The highlighted SNPs could be suitable targets for future research on proteins,
biological markers, and medical diagnosis.
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INTRODUCTION

Acute myeloid leukemia (AML)is a heterogeneous group of
clonal hematopoietic malignant diseases that are caused
due to mutations in Progenitor cells of myeloid lineage
which fail to differentiate leading to over-proliferation in
the hematopoietic stem cells of bone marrow. Itisthe most
common type of leukemia in adults and its frequency
increases with advanced age [1]. Symptoms are
widespread and include fever, fatigue, drowsiness, dry
mouth, reduced body weight, bone ache, ulcers of mucous
membranes, bruising, or bleeding due to
thrombocytopenia and anemia [2, 3]. Primary SEER-
reportedage-adjusted AML incidence was 3.43 per 100,000
annually but has escalated over time, having yearly
incidence rates reqgularly exceeding 4.2 per 100,000 per
year as of 2010. According to SEER datafrom 2016, menare
1.6 times more likely to have an AML diagnosis than women,

with a rate of 5.42 and 3.47 per 100,000 person-years for
men and women respectively [4]. The risk factors of AML
include advanced age, smoking, hazardous chemicals,
myelodysplastic syndrome (MDS), chemotherapeutic
drugs, high-intensity radiation exposure, genetic
disorders, and pedigree of AML patients [5]. Identifying
>20% myeloid blasts in bone marrow or finding out some
specific cytogenetic dysfunctionalitiesis necessary for the
diagnosis of AML [6, 7]. AML is currently treatable in
35-40% of adult patients who are 60 years of age or
younger and in 5 to 15% of patients who have reached the
age of 60 or more [8]. Chemotherapy, radiation,
monoclonal antibodies, or hematopoietic stem cell
transplantation is used to treat AML [9]. The NRAS is a
powerful oncogene in many human malignancies. It is a
small GTPase that requlates cellular growth,
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differentiation, apoptosis, and survival. It encodes a
protein that is membrane-bound and serves as a crucial
regulatory component in the signal transduction of a
variety of hormones, cytokines, and growth factors. On the
shortarm of chromosome band 1p13.2, NRAS geneis found.
It has five isoforms that are present naturally [10]. To find
the most harmful missense SNPs, a thorough in silico
analysis of the NRAS gene must be conducted [11]. The in
silico techniques are less expensive and more time-saving
(121

METHODS

To perform in silico analysis, a total of 14 computational
tools were employed.
Table1: List of toolsemployed for In Silicoanalysis

In Silico Tools Function
NCBI For Retrieval of SNPs
SIFT
Mutation Taster | For Functional Analysis
FATHMM
IMutantSuite | ¢, pregiction of Protein Stability Change
mCSM
Project HOPE For Structural Analysis
Consurf For Conservation Analysis
SWISS-MODEL For Protein Modeling
SOPMA For Secondary Structure Analysis
Vienna Package For RNA Secondary Structure Analysis
cBioportal
UALCAN
GEPIA For Analysis of Post Translational Modifications
GSEA
Cytoscape

RESULTS

Pathogenic SNPs (Q61H, 061L, G13V, G13R and G12A) were
retrieved from NCBI. The tools employed for functional
analysis predicted these mutations to be non-tolerated,
disease-causing and damaging. Whereas 3 SNPs (G13V,
G13R and G12A) were found to be tolerated by FATHMM. I-
Mutant Suite showed that only 1 SNP (Q61L) did not affect
the protein structure while other SNPs decreased the
protein stability as shown by negative DDG value. The
results of mCSM predicted that 3 mutations (G13V, G13R,
and G12A) destabilized the proteins while the other two
variants(Q61H, 061L)did not affect proteins(Table 2).

Table 2: Analysis of the effect of mutations on protein's structural
stability of NRAS gene usingmCSM, and |-Mutant Suite

mCSM |I-Mutant Suite
SNPs Aﬁ(ﬁ;’ﬂl‘r’;n Stability (?(?:gl‘/’:'::le) Prediction
061H 0.254 Stabilizing -0.60 Decrease
061L 0.139 Stabilizing 0.24 Increase
G13V -0.374 Destabilizing -0.42 Decrease
G13R -0.305 Destabilizing -0.63 Decrease
G12A -0.358 Destabilizing -0.93 Decrease
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Figure 1: Diagrams representing the wildtype (left) and mutant
(right) amino acid residues of the NRAS gene mutations (A) Q61H
(B)OBIL(C)G13V(D)G12A(E)GI3R

Project HOPE predicted the physiochemical properties of
the protein such as hydrophobicity, spatial structure, size
and charge. Only one mutant residue (Q61L) was smaller
thanthe wildtype whichis showninfigure 1. Whereas, only 1
SNP(G13R)resulted in the change of charge from neutral to
positive. The remaining SNPs did not show a change of
charge(Table 3).

Table 3: Effect of change of one amino acid on the structural
stability of the NRAS protein by Project HOPE

SNPs Size Change of charge

0B61H W<M Not affected

061L W>M Not affected

G13V W<M Not affected

G13R W<M Neutral to +ve

G12A W<M Not affected
:(TEY!LVVV ;%Wsnnr ilonzqnnrvv :tuvlﬁns! :.lRQVVIDGB.
. hf'::bl:bi f'.‘;fl:abb ]:ft.b b . fkff b b

81 61 71 81 91

ciuo[l RS Evxsaurpo YMRTGE@FLc WMrlinsskfr apiMiyrEc:z

beb bb b b bb bebbbb bbeb bb b b b
tLee f 4 s

101 111 121 131 141
krvioEBBve »vivEEELR): cEEr¥crxca sEilxsf:0 r:EBrEBEz=f
bb bbbbbeebsb b b bb be bbeb
£ ¢ £ £ f£s
151 161 171 181 191
c¥epaBfiErv rerr@frfiEx BnsEEBEEISc cxcrpcvvm
b bb bb b b b

The conservation scale:

@z « s s 7@

Variable Average Conserved

- An exposed residue acceording te the neural network algorithm.

b - A buried residue according to the neural network algorithm.
£ - A predicted functiomnal residue (highly conserved and exposed).
s - A predicted structural residue (highly conserved and buried).

Insufficient data - the calculation for this site was

e
'

performed on less than 10% of the sequences.
Figure 2: Using ConSurf to show the amino acid conservation
profile of NRAS protein
The Consurf calculated the evolutionary conservation
score foreachaminoacidinthe protein sequence. Regions
with high conservation scores are likely to be functionally
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important, while regions with low conservation scores are
more likely to be structurally or functionally less important
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Table 6: Prediction of Secondary Structure of NRAS Protein Using
SOPMA

MabletandFigure2. o e R
Table 4: Analysis of evolutionary conservation profile of Wild type 45.50 18.52 6.88 29.10
SNPsby ConSurf 061H 53.97 17.99 7.41 20.63
e Conservation Score g:::::\fl:;?:: Ist::ale status|Exposed/Buried oeIL 97 .54 794 26.98
G13V 45.50 18.62 6.88 29.10
0BTH S Conserved Exposed G13R 52.91 16.93 6.88 23.28
0BTL S Conserved Exposed G12A 44.97 18.52 6.8 29.63
G13v 6 Conserved Exposed
G13R 6 Conserved Exposed :“T ZT ?T 4? r’T {’T 7T
G12A 7 Conserved Exposed

SWISS-MODEL is a protein structure homology-modeling
tool that provides us with the 3D structure of proteins
which is shown in figure 3. It also provided data in the form
of variables to determine the quality of generated model
which are shown in table 5. Good agreement between the
target and template structures of comparable size is
indicated by QMEAN (Qualitative Model Energy Analysis) z-
scores near zero. It also provided GMQE (Global Quality
Estimate) score which indicates the predictable reliability
ofalignment of the target template and template structure.

Q6IL

®
Figure 3: 3D structure of NRAS protein using Swiss Model (A)Wild
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Sequence length : 189

SOPMA
Alpha helix (Hh) : 86 is 45.50%
310 helix (Gg) : @ is 8.88%
Pi helix (Ti) : @ is 0.90%
Beta bridge (Bb) : @ is 8.88%
Extended strand (Ee) : 35 is 18.52%
Beta turn {Tt) = 13 is 6.88%
Bend region {5s) : @ is 0.e0%
Random coil {Cc) : 55 is 29.16%
Ambiguous states (?) 6 is ©0.00%
Other states z e is 0.ea%

Figure 4: Analysis of the Secondary structure of the NRAS gene
using SOPMA

Vienna Package determined that all SNPs lead to abnormal
RNA folding, which resulted in affected mRNA localization
and translation of protein. It calculated the RNA folding
energies i.e. Minimum Free Energy (MFE) to predict the
stability and secondary structure of wildtype and mutant
molecules(Table 7and Figure5).

Table 7: Calculation of Minimum Free Energy (MFE) of Wildtype
and Mutant Residuesusing Vienna Package

type(B)OB1H(C)O61L(D)G13V(E)GI3R(F)G12A SNPs Minimum Free Energy (kcal/mol)
Table 5: Representation of the different QMEAN Z-scores, Wildtype -115.58
GMOQEs, Sequence Identity, and template query No. of wild-type 061H -117.18
and mutant proteins viaSWISS-Model 061L -113.88
SNPS | gueryNo. | Identity(%) | OMOE | 2ecore sy 18
Wild Type 6zio.1. A 99.42 0.82 0.89 GISR 1158
061H 6ziz.1. A 98.84 0.87 0.49 G12A ~119.68
061L 6ziz.1.A 98.84 0.83 0.53
G13V Bziz.1. A 98.26 0.83 0.17
G13R Bziz.1. A 98.26 0.84 0.32
G12A Bziz.1. A 98.26 0.84 0.48

SOPMA predicted the secondary structure properties of
the protein including alpha helix, 310 helix, Pi helix, beta
bridge, extended strands, beta-turn, bend region, random
coil,ambiguous states and other states which are shownin
table6.

FBT VOL. 3 Issue.1 Jan-Jun 2023 Copyright ® 2023. FBT, Published by Lahore Medical Research Center"”
[ This work is licensed under a Creative Commons Attribution 4.0 International License. 27



AslamMetal.,

Figure 5: Effect of SNPs of NRAS gene on mRNA folding using the
RNA fold program in Vienna Package(A)Wildtype (B)Q61H (C)Q61L
(D)G13V(E)G12A(F)G13R

cBioPortal was used to analyze the genetic alterations of
NRAS in AML. Figure 6 showed 13% of high and low mRNA
expression. The main type of genetically modified sites
were 13 missense mutations for NRAS. Furthermore, PTM
siteswere also evaluated in which Phosphorylation was the
main type of PTM with a total of 10 sites, followed by
acetylation, ubiquitination, methylation, palmitoylation,
and S-nitrosylation. These PTM sites were present on
exons 2,3, 4andbinthe RAS domain, thus might cause the
altered proteinfunction(Figure 6).

NRAS 13% AREARAEARRAER []

Genetic Alteration ¥ Missense Mutation (putative driver) || mRNA High  [] mRNALow | No alterations
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Figure 6: Depiction of missense mutation sites and PTM sites by
cBioportal

UALCAN was used to determine the level of methylation in
the promoterregion of the NRAS gene which canleadtothe
development of AML. In figure 7(A), NRAS hyper-
methylation with no significant variation between males
and females is shown. Whereas in figure 7(B) methylation
level in different age groups of AML patients is
demonstrated. Individuals in the age group 21 years to 80
years were significantly methylated(Figure 7).
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Figure 7: (A) NRAS promoter methylation profile based on
patient's gender in LAML (B) NRAS promoter methylation profile
basedonpatient'sagein LAML

GEPIA was used to obtain Transcripts per million (TPM)
graph in which the mRNA expression levels of the NRAS
gene were significantly higher T (n=173) in LAML as
compared to in normal tissues N (n=70) and were shown as
red and green dot plots respectively which is shown in
figure 8(A). Overall survival rates are shownin figure 8(B)to
investigate the association between NRAS mRNA
expression and patient prognosis in AML. NRAS mRNA
expression levels were visualized using Kaplan-Meier
survival curves which showed no significant correlation
between NRAS expressionand percentsurvivalin AML. The
graph showed log-rank p-value (0.94), Cox proportional
hazard ratio (HR=0.98), p-value of HR(0.94), and number of
patients in high (n=53) and low (n=53) NRAS group.
Moreover, a 95% confidence interval was marked with
dottedlines(Figure8).

1] Overall Survival
2 e — Low NRAS Group
70 —— High NRAS Group
— ] Logrank p=0.94
= ® HR(high)=0.98
|ﬂ_- 0 o p(HR)=0.94
— ® n(high)=53
c 0 P Bt T n(low)=53
2 z @
= | 5¢°
= i
6 40 | ’; 5
: -
o fl e
o i &
- I e i v
‘5 I| o~
b4 204 o
c
ol
~ 10 o _
(=]
T T T
ol | 0 20 40 60 80
458
£ Months
(A) (B)

Figure 8: (A) Retrieval of NRAS mRNA expression levels in AML(B)
Comparison of overall survival rate between high and low NRAS
groupsin AML from GEPIAwebtool
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Figure 9: Gene Set Enrichment Analysis (GSEA) representing (A)
Hallmark TNFA Signaling via NFKB (B) Hallmark Estrogen
Response Late (C) Hallmark p53 Pathway (D) Hallmark Interferon
GammaResponse

GSEA was use to analyze the affected mRNA expression
levels of the NRAS gene caused by SNPs in various
biological functional pathways. The results are shown in
the form of an enrichment plot. In Figure 9(A-D), enriched
genes associated with DNA-bound NFKB induced
transcription of innate immune response genes as well as
other genes that protect the cell from TNF-induced cell
death. Also, the enriched gene set was upregulated with a
late response to estrogen. Enriched genes were also
involved in pb3 pathways and networks. Furthermore, the
most significantly enriched pathways in inducing and
modulating an array of immune responses were also
observed. All these enrichment plots were positively
correlated. Cytoscape was used to generate a network of
NRAS proteinassociation with other related proteinswhich
areinvolvedin AML. ASNPswhichalter the functionality of
NRAS proteinwillconsequently affect the related proteins.

DISCUSSION

Missense non-synonymous SNPs (nsSNPs) might code for
various amino acids which can have an impact on the
biological functions of the encoded protein as well as the
prognosis of a disease. Mutations in the NRAS gene are
involved in the pathophysiology of AML patients [13, 14].
Considering this, the NRAS gene was selected for in silico
analysis as it has not been done previously. All the SNPs
(0BTH, 0B1L, G13V, G13R, and G12A) were retrieved from the
dbSNP-NCBI. Functional analysis of these SNPs showed
them to be damaging, disease causing and non-tolerated.
NRAS has a domain that binds a GTP molecule and
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transforms it into GDP to regulate the rate of cell activity.
The mutations in the NRAS gene can transform it into an
active oncogene with a vital function in cancer such as an
increase in the GTPase pathway's activity characterized by
altered cellular proliferation, differentiation, survival, and
reduced apoptosis [15, 16]. The two mutations (G13R and
G13V) with the highest binding affinity to GTP were
identified as the most lethal ones [17]. Protein function is
determined by protein stability, which controls the
protein's conformational shape. Any modification to
protein stability may result in protein misfolding,
disintegration, or abnormal protein aggregation [18, 19].
Structural analysis of NRAS protein using mCSM and |-
mutant suite revealed that SNPs decreases the protein
stability. Conformational analysis of NRAS protein was
carried out by Project HOPE which predicted the 2D
structure of amino acids which was altered by these SNPs.
Smaller amino acids may end up losing their external
connections whereas larger amino acids may produce
bumps. Because the wild-type and mutant residues differ
in size, the new residue is not in a position where it may
form the same hydrogen bond as the original wild-type
residue. Only 2 highly deleterious SNPs (061H and 061L)
were found on highly conserved and critical functional
domains while others were not highly conserved. SWISS-
MODEL was used to generate model of target protein from
its amino acid sequence. SOPMA predicted that mutations
were dominant in the alpha helix, followed by random coil,
extended strand and then beta turn respectively. The
effect of these SNPonthe secondary structure of proteinis
highly needed to understand any change in the tertiary
structure of NRAS protein[20]. Vienna Package calculated
Minimum Free Energy (MFE) to predict the stability and
secondary structure of wildtype and mutant molecules
[21]. The more negative the MFE value is, the more stable
the secondary structure of RNA. Post-translational
modifications (PTMs) are covalent modifications that alter
the protein structure in a way to perform their vital role in
cellular signaling pathways effectively [22]. These PTMs
include phosphorylation, ubiquitination, methylation,
acetylation and glycosylation [23]. This study performed a
detailed examination of how nsSNPs may cause PTMs and
how these affected PTM sites are aleading cause of certain
malignancies [24]. Therefore, disrupted proteostasis
caused by altered PTMs can lead to affected protein
functionality [25]. cBioprtal showed that 13 missense
mutations were involved in altered PTMs and together they
caused affected protein functionality. UALCAN provided
the methylation level in the promotor region of the NRAS
gene in different age groups of both male and female AML
patients. GEPIA showed that mRNA expression levels were
elevated in cancerous tissues. Whereas, the Overall
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survival graph showed that mRNA was differentially
expressed in low and high NRAS groups. Gene Set
Enrichment Analysis (GSEA) is used to identify enriched
functional categories of informative biomarkers [26]. It
provided data in the form of four enrichment plots which
showed that the NRAS gene was significantly
overrepresented in different hallmarks [27]. Cytoscape
was used to generate the hub gene network of NRAS
involved in AML. The mutation in NRAS protein disrupts
normal functioning of protein leading to the development
of cancerandanadverse prognosis of AML.

CONCLUSIONS

In humans, single nucleotide polymorphisms are the most
prevalent type of genetic variation. The in-silico analysis of
nsSNPs of NRAS predicted them to be deleterious and
pathogenic. These SNPs in NRAS may trigger the
permanently activated variant (NRAS-GTP), which can
cause unstoppable cellular signaling eventually leading to
AML.
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