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Abstract
Background: We aimed to determine the role of receptor tyrosine kinases (RTK)
signaling family genes in the development of oral squamous cell carcinoma (OSCC).
Method: In the present in silico study, 40 whole genome sequences of patients
with OSCC from the cBioPortal was analysed to identify the mutations in the genes
of the RTK signaling pathway. Using the STRING v10.5, we further checked the
gene with the highest frequency of mutations for its protein interactions. The obtained
protein interaction network was used to identify the possible pathways related to
disease phenotype.
Results: Epidermal growth factor receptor (EGFR) gene showed the highest
frequency of mutation (5%) among the 16 genes clustered in the RTK signaling
pathway as available in the cBioportal database. Missense mutations viz., G203E,
R521K were identified in the EGFR gene. The other genes which returned positive
results during analysis were ERBB4 (D245N, L993S), PDGFB (R100H), and PDGFRB
(L667M).
Conclusion: The in silico method of analysis can be a contemporary approach for
identifying possible mutations or pathways associated with the development of OSCC.
Further high throughput strategies should be applied to substantiate the role of the
genes identified in the present study and draw conclusive evidence as to their association
with the disease phenotype.
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Introduction
Oral squamous cell carcinoma (OSCC) is the
most prevalent malignant epithelial neoplasm
affecting oral cavity and is capable of local
destructive growth and distant metastasis.1, 2
Carcinoma of squamous cell accounts for
approximately 90% of all oral cancers.3 It might
influence any anatomical site in the mouth;
however, it most commonly impacts the tongue
and the floor of the mouth. This neoplasm usually
arises from a pre-existing potentially malignant
lesion. The use of tobacco and betel quid, heavy
consumption of alcoholic beverages, and a diet
low in fresh fruits and vegetables are well-known
risk factors for OSCC. This disease is managed
by surgery, chemotherapy, and radiation; however,
regardless of the treatment modality, the fiveyear survival rate is poor at about 50%. This can
be attributed to the fact that about two-thirds of
people with OSCC already have a large lesion at
the time of diagnosis.1
Worldwide, oral cancer accounts for

approximately 2%-4% of all cancer cases. In
some regions, the prevalence of oral cancer is
higher, reaching around 45% of all cancers in
India. 4 Despite the advances in therapeutic
approaches, the percentages associated with the
morbidity and mortality of OSCC have not
considerably improved over the past 30 years.
The percentages of mortality and morbidity are
6.6/100,000 and 3.1/100,000 in males; while,
2.9/100,000 and 1.4/100,000 in females,
respectively.5 Additionally, the incidence of OSCC
is growing among young white individuals aged
18-44 years, particularly among white women.6
Regardless of the simple access of oral cavity for
clinical examination, OSCC is often diagnosed
in advanced stages. The most common reasons
are the initial wrong diagnosis and the ignorance
of the patient or the attending physician.7
The receptor tyrosine kinases (RTK) family
comprises cell surface receptors for growth factors
and signaling molecules. There exist several
subfamilies, including epidermal growth factor
receptors (EGFRs), fibroblast growth factor

Figure 1. Oncoprint data show alterations in the genes involved in receptor tyrosine kinases signaling pathway in the oral squamous cell
carcinoma cases.
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receptors (FGFRs), insulin and insulin-like growth
factor receptors (IR and IGFR), platelet-derived
growth factor receptors (PDGFRs), vascular
endothelial growth factor receptors (VEGFRs),
hepatocyte growth factor receptors (HGFRs), and
proto-oncogene c-KIT.8,9 Most RTKs are found
mutated in a variety of cancers and from different
tissue origins. RTKs are high-affinity cell surface
receptors for many cytokines, hormones, and
polypeptide growth factors. These are key
regulators of critical cellular processes such as
proliferation and differentiation, cell migration,
cell survival and metabolism, and cell cycle
control.10-12 About 58 RTKs have been identified
in the human genome, all of which fall under 20
families.13 The EGFR (EGFR/ErbB1/Her1) is a
member of ErbB/EGFR receptor family and is a
crucial transforming RTK in the head and neck
squamous cell carcinoma (HNSCC), including
OSCC.14 Incidence and progression of HNSCC
are correlated with habitual usage of tobacco
which entails the release of nicotine.15 Nicotine
triggers the secretion of epidermal growth factor.
It binds to EGFR and activates the PI3K-AKT,
RAS-MEK-ERK, and JAK-STAT signaling
pathways; therefore, it promotes the proliferation
and survival of cancer cells. 16 In addition,
activation of genetic aberrations such as
amplification and mutation of EGFR are found
in approximately 15% of human papillomavirusnegative [HPV (-)] HNSCC such as OSCC.14 The
present study investigated the genetic alterations
in the RTK family genes via an in silico approach.
This study is the first of its kind reporting the
frequency and type of mutations in the genes of
RTK signaling pathway and providing a clue on
the putative association of these genes with OSCC.

Table 1. The demographic details of cases in the oral squamous
cell carcinoma (MD Anderson, Cancer Discov 2013) dataset

Demographic Features
Gender distribution
(Male : Female ratio)
Diagnosis age
HPV status

Smoking status
Daily alcohol
Mutation count

Cases N=40 (%)
Male = 28 (70%)
Female = 12 (30%)
(2.3:1)
26-85 years
Positive : 1
Negative : 11
Not detected : 28
Smoker : 29 (72.5%)
Non - smoker : 11 (27.5%)
Alcoholic : 9 (22.5%)
Non - alcoholic : 31 (77.5%)
10-173

Subjects and Methods
In the present study, we analysed 40 whole
genome sequences from OSCC patients to identify
the mutations in the genes of the RTK pathway.
The genome sequence data was retrieved from
cBioportal. The frequency of mutations and their
putative associations OSCC were ascertained
using text mining process.
Sample data set
The cBioPortal for Cancer Genomics
(http://cbioportal.org) integrates an exhaustive
collection of molecular profiling information from
cancer tissues and cell lines.17,18 The database is
user-friendly and hosts genetic, epigenetic, and
proteomic information of the cases registered.
The sample data set includes the sequence
information of 40 OSCC cases, which is used in
the present study. Demographic details of the
cases in the OSCC (MD Anderson, Cancer Discov
2013) dataset were recorded.19

Figure 2. This figure shows mutations located in the epidermal growth factor receptor gene.
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Mutation Analysis
We initiated a single query for mutation
analysis by selecting the OSCC cases from the
cBioPortal database. The case set included 40
sequenced tumors analysed for mutations in genes
associated with RTK signaling pathway. The gene
cluster includes EGFR (Epidermal growth factor
receptor), ERBB2, ERBB3, ERBB4 (Erb-B2
receptor tyrosine kinase 2, 3, 4), PDGFA (Platelet
derived growth factor subunit A), PDGFB (Platelet
derived growth factor subunit B), PDGFRA
(Platelet derived growth factor receptor subunit
A), PDGFRB (Platelet derived growth factor
receptor subunit B), KIT (Tyrosine-protein kinase
Kit), FGF1 (Fibroblast growth factor 1), FGFR1
(fibroblast growth factor receptor 1), IGF1
(Insulin-like growth factor 1), IGF1R (Insulinlike growth factor receptor 1), VEGFA (Vascular
endothelial growth factor A), VEGFB (Vascular
endothelial growth factor B), and KDR (Kinase
insert domain receptor). The gene cluster was
predefined and selected from the menu available
in the database. Moreover, we observed that these
genes were associated with many cancer types
through exhaustive literature survey.
OncoPrint data
Submission of query returned a window with
OncoPrint data, indicating the presence of
mutations in crucial genes associated with RTK
signaling pathway. We further documented the
somatic mutation frequency and the mutation site
in the candidate genes.
Protein network interactions
We assessed the interactions of the protein
encoded by the gene with the highest mutation
frequency via submitting the query protein in the
STRING v10.5 pipeline.20
Text mining
We employed the information from OncoPrint
as a preliminary data to acquire further reports
on the association of gene mutations identified
with OSCC cases. A text mining approach was
followed to consolidate the reports from various
populations worldwide.
4

ExAC data analysis
The exome aggregation consortium (ExAC)
provides sequence data of 60,706 unrelated
individuals sequenced as part of various diseasespecific and population genetic studies. We
extracted these sequences for public release based
on consent, consortium permission, exome data
quality, and lack of relatedness with other samples.
The ExAC genome data was employed to compare
the observed mutations documented in the present
study with that of the reported mutations deposited
in the ExAC repository.21

Protein stability analysis
I-Mutant v3.0 is a support vector machine
(SVM)-based tool for the automatic prediction
of protein stability changes upon single point
mutations. The software’s predictions were based
on the protein sequence. We classified the
predictions into three classes: neutral mutation
(-0.5 ≤ DDG ≥ 0.5 kcal/mol), large decrease (<0.5 kcal/mol), and large increase (>0.5 kcal/mol).
The free energy change (DDG) predicted by IMutant 3.0 is based on the difference between
unfolding Gibbs free energy change of mutant
and native protein (kcal/mol).22
MutPred analysis
MutPred v2 is a standalone and web application
developed to categorize amino acid substitutions
as pathogenic or benign in human. We used the
wild-type protein sequence in FASTA format
(https://www.ncbi.nlm.nih.gov/protein/) and
substituted the variants at the sites defined in
oncoprint data. The probability of the mutation
being deleterious was then reported
(http://mutpred.mutdb.org/).23

Results
The OSCC dataset obtained from the
cBioPortal site included 40 completely sequenced
samples from patients with a diagnosis age of
26-85 years. The demographic details were made
available for the users in the cBioPortal database.
The number of male participants (70%) was more
in the study group compared to females (30%).
Among the 40 individuals, 72.5% were smokers,
Middle East J Cancer 2021; 12(1): 1-9
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Table 2. The list of genes carrying mutations involved in RTK signaling pathway in oral squamous cell carcinoma patients [US:
unknown signifiance]
Gene
Type of
Frequency Amino acid
ExAC
Mutant protein
Pathogenicity
mutation
change
analysis
stability analysis
analysis

EGFR
Epidermal
growth
factor receptor
isoform A
precursor

Missense (US)

5%

G203E
R521K

Novel
rs2227983*

Decrease
Decrease

ERBB4
Erbb2
receptor
tyrosine
kinase 4

Missense (US)

2.5%

D245N
L993S

Novel
Novel

PDGFB
Platelet
derived
growth
factor

Missense (US)

2.5%

R100H

Novel

Decrease

0.636**

PDGFRB
Platelet
derived
growth
factor
receptor

Missense (US)

2.5%

L667M

Novel

Decrease

0.598**

Decrease
Decrease

0.726**
0.073

0.515**
0.848**

*SNP: single nucleotide polymorphism identified using ExAC.; **Pathogenicity of mutations identified using MutPred; RTK: Receptor tyrosine kinases

27.5% were non-smokers, and 22.5% were
alcoholic. The human papilloma virus (HPV)
statuses of the twelve participants were recorded,
out of which one was positive and the others
tested negative (Table 1). The query submitted
in the cBioPortal pipeline produced results
revealing mutations in the EGFR, ERBB4,
PDGFB, PDGFRB genes. All the gene alterations
were missense mutations, where one amino acid
is substituted by the other. Mutation frequency
was observed to be highest in the EGFR gene
(5%), while other genes showed the same mutation
frequency (2.5%). Missense mutation in the EGFR
gene converts glycine to glutamic acid (G203E)
and arginine to lysine (R521K). Also, missense
mutation in ERBB4 gene converts aspartic acid
to asparagine (D245N) and leucine to serine
(L993S). Arginine to histidine (R100H) and
leucine to methionine (L667M) were the mutations
observed in PDGFB and PDGFRB genes,
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respectively (Figures 1 and 2).
The protein interaction network reveals the
major interactions of EGFR with genes such as
TP53, KRAS, HRAS, PTPN11, EGF, TGFA,
PIK3CA, CBL, GRB2, and SHC1. These are
crucial regulators of tumour suppression and
signal transduction pathways. Protein encoded
by TP53, a tumour suppressor, is activated by
diverse cellular stresses and regulates the
expression of target genes. Therefore, it induces
cell cycle arrest, apoptosis, senescence, DNA
repair, or changes in metabolism. Several other
proto-oncogenes such as Kirsten ras (KRAS) and
Harvey ras (HRAS) encode proteins with essential
roles in signal transduction pathways. Cas-Br-M
ligase (CBL) gene is also a proto-oncogene acting
as a negative regulator of many signal transduction
pathways. The protein encoded by PTPN11 gene,
a member of the protein tyrosine phosphatase
(PTP) family, is known to be a signaling molecule
5
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which regulates a variety of cellular processes,
including cell growth, differentiation, mitotic
cycle, and oncogenic transformation. The EGF
protein functions as a potent mitogenic factor
and TGFA and PIK3CA genes encode growth
factor that plays an important role in the growth,
proliferation, and differentiation of numerous cell
types. All of these cell types were found to activate
the signaling pathway for cell proliferation, differentiation, and development. Moreover, PIK3CA
has been implicated as an oncogene. GRB2 and
SHC1 are factors associated with signal
transduction pathway. The knowledge about the
genes in the interaction cascade and the functional
mutations observed in the key identified genes
will provide a clue as to the underlying molecular
mechanisms of OSCC (Figure 3). Protein stability
analysis, performed via I-Mutant software,
revealed that the substitution of amino acid
decreased the stability of the protein in all the
mutation encoded proteins. Additionally, the
MutPred score identified several mutations to be
highly pathogenic (score >0.50) (Table 2).

Discussion
Genetic variations such as single nucleotide
variants (SNVs) and copy number variants have
long been associated with oral cancer and other
devastating diseases. The present study identified
EGFR mutations in about 5% of patients with
OSCC. We observed a novel variant and a reported
variant (rs2227983) to influence the protein
stability and pathogenicity of the mutant protein.
Other genes in the RTK pathway also showed
similar changes which reduced the stability and
increased the pathogenicity of the mutant proteins.
Analysis of genes involved in crucial pathways
demonstrated nearly 70.2% alteration in the
RTK/MAPK/PI3K pathway.24 EGFR polysomy
and amplification was reported to be significantly
associated with lymph node metastasis.25 A cohort
and systematic review analysis on the prevalence
of EGFR mutation revealed 159 EGFR thyrosine
kinase domain mutations in approximately 4122
patients with HNSCC, accounting for about 2.8%
of the overall prevalence.26
Overexpression of EGFR exists in up to 90%
of HNSCC and is thought to be involved in
carcinogenesis and metastasis.27 The degree of

Figure 3. This figure shows protein interaction network of epidermal growth factor receptor gene.

6

Middle East J Cancer 2021; 12(1): 1-9

Putative Association of RTK Gene Mutations with Oral SCC

EGFR expression correlates with phenotype
aggression, increased resistance to treatment, and
poor clinical outcomes.28, 29 Although several
studies have reported the overexpression of EGFR
and Her-2 in head and neck cancers, the clinical
relevance of the finding was found to vary. Storkel
et al. found that the over expression of EGFR
was associated with shortened survival.30 On the
other hand, Werkmeister et al. reported that Her2 was strongly related to survival.31 Christensen
et al. and Khan et al. were not able to find any
significant correlation between either EGFR of
Her-2 and clinicopathological features or
prognosis.32, 30 However, available reports showed
the co-localisation of both molecules in oral cancer
tissues. Further, the combined use of these
biomarkers was also regarded as a strong predictor
for cancer prognosis.33, 34 A recent study by Mirza
et al. provided substantial evidence on the
association between high expression levels of
EGFR and OSCC in a Pakistani population.35
The study findings showed that 51% of patients
with oral premalignant lesions and 67% of OSCC
patients had increased levels of EGFR expression.
In addition, the upper and lower lip lesions had
the highest frequency of EGFR positivity, low
survival rates, and high chances of recurrence.36
In a similar study by Oikawa et al., nearly 16.8%
of OSCC patients showed amplified gene
encoding RTK.37 Furthermore, distance metastasis
was identified in 24% of patients with an
abnormality in RTK genes. The survival rate was
found to be influenced by the presence of gene
mutations in RTK pathway (64.6%) as compared
to no-RTK amplification group, thus, the providing
conclusive evidence regarding the vital role of
RTK signaling genes in the pathogenesis and
progression of OSCC.
Similar to EGFR and PDGF, PDGFRs play
important roles in the regulation of cell growth
and survival. Mutations within PDGFRα gene
have been reported in 5% of gastrointestinal
stromal cancer. These mutations affected tyrosine
kinase domains and juxta-membrane domain.38
PDGFR genes were further involved in gene
rearrangements found in certain leukemias.39 In
addition, PDGFRα amplifications were observed
Middle East J Cancer 2021; 12(1): 1-9

in 5%-10% of glioblastoma multiforme in oligodendrocytoma, esophageal squamous cell
carcinoma, and artery intimal sarcomas.40-42 As
for other dysfunctional RTKs, tyrosine kinase
inhibitors such as imatinib, sunitinib, sorafenib,
pazopanib, and nilotinib have been developed to
target PDGFR directly or as a secondary target.
Briefly, the genetic variations identified in the
present study revealed the pathogenicity of
mutations and warrants validation of these variants
in the Indian population by use of genotyping
methods.

Conclusion
In silico analysis employed in the present study
was successful in identifying novel and reported
mutations in genes possibly associated with a
disease phenotype. The present study unraveled
the possible relationship of mutations in RTK
signaling genes with OSCC. Further probing into
this pathway may open new avenues into the
identification of candidate genes which may be
targeted to design drugs specific for OSCC
phenotype. As a major limitation related to
population bias, the samples in the present study
did not represent all the ethnic groups or
populations from around the world. Accordingly,
it is imperative that future studies analyze the
documented variations in these putative genes
across several ethnic groups to substantiate the
association of the genes with OSCC.
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