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INTRODUCTION

Cancer is a leading genetic disease worldwide, which results 
from both acquired and inherited changes in genetic mate-
rial. Several types of cancers can influence any part of the 
body. Oral Squamous Cell Carcinoma (OSCC) is one of the 
most common types of cancer of Head and Neck Squamous 
Cell Carcinoma (HNSCC) and more than 500,000 new cases 
are diagnosed with OSCC each year. It carries the highest 
mortality and morbidity among different types of cancer, es-
pecially in males.1 DNA microarray technology and genetic 
profiling are predominantly helpful to diagnose the OSCC 
at an early stage. DNA microarray technology gives detailed 

genomic information and analyzes the retrieved information 
directly and recognizes the target gene-related to each phase 
of oral cancer. Eventually, this causes a vital requirement for 
the mediation of bioinformatics and computational biology 
for early diagnosis. Microarray findings unravel the func-
tion of more genes and the link between the genotype and 
clinical phenotype will be improved. Understanding micro-
array findings and translation in clinical practice will have 
a multidisciplinary approach in the management of OSCC. 
This paper gives a systematic outlook to understand the ba-
sic underlined mechanism of OSCC development and early 
diagnosis.
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ABSTRACT
Background: Betel quid chewing, smoking and, alcohol consumption being the primary cause of oral cancer in India, has been 
driving its death rate rapidly over the years. The low five-year survival rate has been seen since oral malignant growth is com-
monly distinguished in advanced stages. With the advancement of medication and innovation in the clinical sciences still, the 
cause of OSCC is unknown at the molecular level. 
Aim: There is a vital need for computational biology to reconsider the helpful methodologies of oral squamous cell carcinoma 
(OSCC) detection to recognize the malignancy in its beginning phases and analysis at the genomic level to find the target region, 
furthermore to distinguish the molecular sub-classes so as a propose to personalize the treatment with an early diagnosis. 
Objective: This review paper principally reports on a few techniques and tools that have been applied to analyze OSCC at a 
molecular, structural, and functional level so that the quality of gene expression dataset of oral squamous cell carcinoma to dis-
tinguish the differentially expressed genes. Further, a few other clustering techniques that are utilized for protein-protein interac-
tion and pathway study have been discussed.
Conclusion: A series of literature has been reviewed to locate the techniques used nowadays for the computational genomic 
analysis to distinguish the expected cancer diagnosis, prognosis, or medication reaction at an early stage as to help oral cancer 
mitigation through the recognizable proof of target gene and the stage-explicit genes of OSCC with the support of bioinformatics 
and computational biology for an early diagnosis.
Key Words: Epithelial carcinoma, Diagnostic approach, Genomic analysis, Computational biology, Bioinformatics, Gene 
Ontology
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METHODS

Computational approaches in the diagnosis of 
OSCC
Nowadays it is easy to diagnose OSCC through a comput-
er vision approach is a newly introduced technique in the 
modern diagnostic era. Computational techniques include 
sequence analysis, structure analysis, and function analysis 
for the diagnosis of OSCC at an early stage.

Applications:
Biocomputing tool development is at the foundation of all 
bioinformatics and computational biology analysis which 
can be easy for the researcher to diagnose the OSCC at its 
preliminary stage. The application of software and tools of 
computational biology is divided into three broad areas such 
as sequence, structure, and function analysis for an early di-
agnosis of OSCC at the genomic level. 

Structure analysis
This can be done for the analysis of the 3D structure of OSCC 
from the target gene. It includes the comparison of overall 
folds and local motifs in a structure, protein folding, evolu-
tionary relationship, binding interactions, and structural and 
functional relations which work both from experimentally 
derived structures and from computational models.2 This 
also includes nucleic acid as well as protein structure predic-
tion, protein structure classification, and structure compari-
son of a unique gene or associated proteins which derived 
experimentally with qRT-PCR and other high-throughput 
techniques and are responsible for OSCC. 

Structure analysis in OSCC mainly includes nucleic acid as 
well as protein structure prediction along with protein struc-
ture classification and comparison with other proteins as-
sociated with HNSCC. This phenomenon will use for func-
tional analysis and drug discovery, design, and development.

Protein Data Bank (PDB) database is a repository of 3D 
structure data for proteins, DNAs, and RNAs. Here some-
one can retrieve the OSCC causing gene structure for further 
analysis and if there is no structure submitted to date of a tar-
get gene then by using different software which can be used 
to predict the 3D protein model of the target gene. There are 
several structure data of genes that are mainly responsible 
for OSCC available at PDB which are being obtained typi-
cally by NMR spectroscopy, X-ray crystallography, or cryo-
electron microscopy. (Table 1)

Sequence analysis
Sequence analysis of OSCC gene or genome can be done in a 
vast range of analytical methods to study its structure, func-
tion, feature, and evolution. The methodologies which are 
used include search against biological databases, sequence 

alignment, and others for OSCC target gene. It includes ge-
nome comparison, phylogeny analysis, gene and promoter 
prediction, and sequence alignment for the gene target.

Sequence analysis includes the sequence alignment, genome 
comparison, and phylogeny so that it will be easy to check 
the similarity and evolutionary relationship of OSCC with 
other HNSCC hence it will be easy to predict the structure 
of the protein.

There are so many genes that are responsible for OSCC 
whose sequences are known and already deposited to the 
database. There are two types of sequence alignment, pair-
wise sequence alignment and multiple sequence alignment 
(MSA) which can be used for further analysis. The relation-
ship between these sequences is obtained by aligning them 
together and assigning an alignment score. 

Pair-wise sequence alignment is used to identify regions of 
similarity between a normal gene or other genes which are 
responsible for HNSCC and a gene associated with OSCC, 
which may indicate structural, functional, or evolutionary 
relationships between two sequences. Whereas MSA is the 
alignment of three or more gene or protein sequences of dif-
ferent HNSCC and a target gene of OSCC of similar length. 
As a result, homology can be concluded and the evolutionary 
relationship between the sequences deliberated. 

Certain algorithms are being used for pairwise sequence 
alignment. The algorithm for pairwise sequence alignment 
is the Needleman-Wunch algorithm (for global alignment) 
and the Smith-waterman algorithm (for local alignment). 
There are several tools used for both pair-wise and multi-
ple sequence alignment. For pair-wise sequence alignment 
BLAST and Dot, plots are being used whereas for multiple 
sequence alignment ClustalW, MUSCLE, T-Coffee, PROB-
CONS, and MAFFT are used.

However, disclosure of the differential expressions and ge-
netic alteration of miRNAs responsible for OSCC develop-
ment, the next-generation sequencing (NGS) contribute an 
important role. NGS is a powerful tool that has enabled the 
systematic study of genomes and provided researchers with 
perceptions into disease understanding. The major benefit of 
NGS is, it can sequence the whole genome or conserved re-
gions in the minimum time slot.3                                                                                       (Ta-
ble 2)

Function analysis
Function analysis aimed to unravel the cause of OSCC by 
analyzing the sequence of genes or genome with their com-
plimentary protein using computational algorithms, infor-
matics tools, and software to access the molecular data for 
diagnosis at the initial stage. Working on functional analysis, 
it results in how genes and intergenic or conserved regions 
of the genome contribute to different biological processes. A 
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researcher typically studies OSCC genes on a genome-wide 
scale to get a list of target genes or regions to analyze at the 
molecular level for early diagnosis.

Function analysis for OSCC focuses on differential expres-
sion of gene and gene products in a specific context, such as 
at a specific developmental stage. Certain tools can be used 
for functional analysis of a target gene or associated protein. 
(Table 3)

Rather than online tools and web servers, functional genom-
ics analysis of OSCC can be done with bioinformatics and 
computational biology methods for early and authenticate 
diagnosis of OSCC at an early stage using microarray data 
which is a gene chip and stored in a matrix, popularly known 
as Affymetrix microarray. To check the gene expression, 
DEG analysis should be done. Then the Gene Ontology, Pro-
tein-Protein Interaction, and pathway analysis with KEGG 
analysis can be done for a detailed study at the genomic 
level. (Figure 1)

Affymetrix microarray data
Affymetrix gene chip microarrays are the most popular high-
density oligonucleotide gene expression arrays and have be-
come a valuable tool in genomics studies around the world. 
Each gene on an Affymetrix microarray gene chip is typi-
cally characterized by a probe set consisting of 11 different 
pairs of 25bp oligos covering features of the transcribed re-
gion of that gene. Each pair consist of a mismatch (MM) and 
a perfect match (PM) oligonucleotide.12 

According to the Affymetrix Human Genome U133A Ar-
ray, the OSCC transcription profile retrieved from the Gene 
Expression Omnibus (GEO) database with raw data and ge-
nome annotation files can be downloaded for future analysis.

Differentially expressed genes (DEGs)
An OSCC gene is stated differentially expressed if a differ-
ence or change is observed in its expression level/index be-
tween two experimental conditions such as gene retrieved 
from normal tissue and the retrieved from the target region 
of OSCC which is statistically significant.13 

The raw data was normalized in a standard way using the 
Robust Multiarray Analysis (RMA) algorithm in the R Affy 
package and to detect DEGs between OSCC tissue and nor-
mal tissue, we can also use the T-test for the Limma package 
of R software.14,15 Thereafter DEGs have llogFCl > 1 and 
P-value <0.05 as the cut-off criterion was selected including 
down-regulated and up-regulated genes.

Merits and Demerits
As it can work for more than 1000 genes using the com-
mercial gene chip or arrays which are ready to use. But it 
requires proficiency for data normalization and analysis.16

Gene Ontology
GO is an important bioinformatics initiative to unify the rep-
resentation of gene and gene product attributes across all spe-
cies17.18. It provides tools and software for easy access to all 
characteristics of the OSCC data retrieved from the database 
and to enable functional interpretation of experimental data 
using the GO enrichment analysis and also annotate genes 
and gene products associated with OSCC and also assimilate 
and disseminate gene annotation data.19,20 Gene ontology is 
an open-access tool for gene and genomic annotation, which 
affects the domains of cellular and molecular biology. 

The resources of Database for Annotation, Visualization, and 
Integrated Discovery (DAVID) bioinformatics have many 
tools for systematic and integrative genomic analysis of gene 
which are responsible for OSCC. To analyze the DEGs of 
OSCC at the functional level, the DEGs in two groups as the 
up-regulated and down-regulated were conducted indepen-
dently of Gene ontology analysis using DAVID. Thereafter, 
the more representative GO categories, where P <0.05 as the 
cut-off value was identified.

GO enrichment analysis
DEGs in OSCC is highly settled in three GO categories 
including Cellular Component (CC), Molecular function 
(MF), and Biological Process (BP). The up-regulated DEGs 
of OSCC are highly enriched in BP and CC. The CC of 
OSCC regulating genes includes GO names consisting of the 
nucleolus, intracellular organelle lumen, organelle lumen, 
membrane-enclosed lumen, nuclear lumen, and nucleo-
plasm. BP of OSCC genes compliant with GO conditions 
includes DNA metabolic process, stress response, DNA re-
pair and recombination, double-strand break repair, chromo-
somal component and chromosomes, nuclear chromosome, 
and the abridged chromosome.

The highly recommended GO regimens of down-regulated 
DEGs in OSCC were relevant with BP (cholesterol metabo-
lism, sterol metabolism, isoprenoids metabolism, and steroid 
metabolism), MF by enzymatic inhibition (peptidase inhibi-
tor activity, endopeptidase inhibitor activity, enzyme inhibi-
tor activity, and serine-type endopeptidase inhibitor activity,) 
and endoplasmic reticulum related CC (nuclear envelope-en-
doplasmic reticulum network, endoplasmic reticulum mem-
brane, endoplasmic reticulum).20

Merits and Demerits
The merits of GO analysis is, here we can eliminate all the 
genes associated with DEGs with it from all its ancestors, 
thus eliminating the redundancy and giving a chance for 
the more specific terms to be reported to be significant and 
if many specific terms are significant, and there is a term 
slightly more general that would encompass all those terms, 
it will be useful to identify this more general term.
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The main demerit in GO analysis is selecting the correct 
background; if we do not choose appropriate software for 
the DEGs then the p-value may lead to perdition. Again, us-
ing a false discovery rate or family-wise error rate correction 
factor may not be appropriate for GO analysis.21 

Protein-Protein interaction (PPI) network
The interaction of proteins with proteins can help with the 
understanding of cell-level proteins and study the mecha-
nism of cell regulation. In addition, protein interactions in 
OSCC can be found in specific collaborations of genes coded 
them. The STRING database is used for assessing and pre-
processing protein interactions in a global view containing a 
dataset of 89 whole-genome sequencings including 261033 
orthologous markers.22

PPI network construction
DEGs of OSCC in the up-regulated and down-regulated 
groups are included in the PPI network map by Cytoscape 
software. Interactions between the two proteins were detect-
ed by the STRING 9.0 tool. Proteins paired with a Required 
Confidence Score (RCS) of > 4 are identified by close inter-
action.

KEGG Pathway analysis 
Kyoto Encyclopaedia of Genes and Genomes (KEGG) is 
a database of manually drawn pathway maps representing 
knowledge of the molecular interaction and relation network 
for cellular processes, genetic information processing, me-
tabolism, human diseases, and drug development. For diag-
nosis of OSCC at an early stage, the KEGG analysis of genes 
associated with OSCC can be done for all the genomic level 
information. 

To analyze the functions of network modules of OSCC as-
sociated genes, cluster analysis should be performed. After 
the KEGG pathway analysis of the enriched modules, the 
significant pathway with a P <0.05 value was obtained. In 
up-regulated modules, the main mechanisms are cell cycle 
and DNA replication, while for down-regulated modules; the 
most important mechanisms are Terpenoid backbone biosyn-
thesis, steroid biosynthesis, Notch signaling pathway, syn-
thesis, and degradation of ketone bodies respectively.

Merits and Demerits
Confidence scores for protein-protein interaction informa-
tion could be used to rank SNPs in a dataset to guide an al-
gorithm or to filter it accordingly and improve the computa-
tional efficiency of genome-wide studies.

The important benefit of pathway study is conducting unbi-
ased genome-wide association studies, such as the elimina-
tion of bias, having no prior hypothesis, and the inclusion 
of all information; however, we still lack the computational 

power to fully explore all interactions.23

CONCLUSION 

This review paper explores the unique bioinformatics and 
computational biology techniques for the genomic level 
analysis of OSCC for the target gene which is responsible for 
the malignancy. As the function of most of the OSCC genes 
is unknown, the biological relevance of microarray findings 
became more specific and the relation between genotype and 
clinical phenotype will improve. The incorporation of com-
putational biology and clinical data into the study of genom-
ic information will increase in understanding the biological 
processes in OSCC. Computational genomic analysis plays 
a significant role in the diagnosis of OSCC at an early stage 
so that the disease can be cured by personalized medication.  
This new approach to OSCC diagnosis will be molecularly 
informed as well as empowered informatically.
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Table 1: Structural bioinformatics software which are being used:
SOFTWARE DESCRIPTION WORKDONE TILL NOW

PyMOL Viewer and modelling The predicted structure of protein can be visualized3

ERRAT Verification and evaluation Protein structure verification for the evaluation of the 
crystallographic model building 3

PROCHECK A structure validation web server Verification of the stereochemical quality of the pro-
tein 3D model obtained experimentally 3

Swiss model Homology modeling of a protein whose struc-
ture was unknown

Number of 3D models of the protein were developed 
with energy minimization3

RAMPAGE Examine the quality of protein structure Ramachandran plot generation 3

Table 2: Different NGS platforms and their role in sequence analysis:
NGS PLATFORMS FUNCTION

Illumina/Solexa It has short run time and read long sequences. 5,6

Ion Torrent It has comparative minimum run time and read longer sequences 6

Roche 454 Reads short sequences in short period of time 5,6

ABI/SOLiD Takes long time to read short sequences 5,6

Oxford Nanopore Technologies (ONT) Can read longer sequences in a single run 6

Pacific Biosciences (PacBio) Capable to sequence the entire cDNA in a single run 7

Beijing Genomics Institute (BGI)’s BGISEQ Generates up to few terabases of sequenced data in a single run 8-11
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Table 3: Online tools used for functional genomics analysis:
TOOLS DESCRIPTION

InterProScan Protein functional analysis

PfamScan Search a FASTA sequence against a library of Pfam

HMMER3
Phmmer

Search one or more sequence against a sequence database

HMMER3
Hmmscan

Search sequence against collection of profiles

Phobius Prediction of transmembrane topology and signal peptides 

Pratt Search patterns conserved in sets of unaligned protein sequence

RADAR Detection and alignment of repeats in protein sequences

Figure 1: A flowchart for the genomics analysis using computational techniques of OSCC
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