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ABSTRACT 
INTRODUCTION: Oral squamous cell carcinoma (OSCC) is the most common cancer arising in the oral cavity and 
despite progress in its management, the survival rate has not markedly increased in the last few decades. Bioinformatics has 
helped in great knowledge about the genetic origins and functional mechanisms influencing human diseases specially cancer 
which has helped in identifying novel therapeutic drug targets. Thus, bioinformatics can pave the way towards successful 
management of OSCC.   
OBJECTIVES: To identify genes driving oncogenesis in OSCC that can help in early diagnosis and developing new 
effective therapeutic drugs.     
METHODOLOGY: The bioinformatics online tool UCSC Xena was used to extract RNA-Seq data of OSCC from head 
and neck cancer dataset in the The Cancer Genome Atlas (TCGA) database. Differential gene expression analysis between 
tumor and control samples was done by DESeq2 package in R. Functional enrichment analysis of differentially expressed 
genes (DEGs) was done using DAVID bioinformatics tool. Protein-protein interaction network was represented by STRING.     
RESULTS: A total of 159 DEGs between OSCC and normal tissue samples were identified. 151 genes were downregulated 
and 8 genes were upregulated. GO annotation revealed that they were mainly enriched in keratinization and intermediate 
filament organization.  Moreover, protein-protein interaction network defined intermediate filament organization to be 
functionally enriched with the genes KRT81, KRT83, KRT76 and KRT36 being highly correlated and significantly 
downregulated in oral cancer. 
CONCLUSIONS: The key genes in OSCC identified from functional genomics using bioinformatics analysis can be used 
as new biomarkers and therapeutic targets for OSCC. 
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INTRODUCTION 

Oral squamous cell carcinoma (OSCC) is 
a type of head and neck cancer that is considered 
the most common cancer in the oral cavity (1). The 
incidence of OSCC is increasing worldwide and the 
5-year survival rate has not greatly improved in the 
last few years despite progress in diagnostic and 
treatment methods (2). 

Cancer is a complex genetic disease 
characterized by cumulative gene mutations and 
consequent abnormal gene expressions (3). 
Conventional treatment of cancer includes three 
methods: surgery, radiotherapy, and chemotherapy. 
However, these methods have side effects such as 

functional impairment and toxicity linked to non-
specific targeting of cancer cells (4). Despite 
favorable initial response, a main hurdle affecting 
the effectiveness of chemotherapy is the 
development of drug resistance through the course 
of treatment (5).    

Understanding molecular mechanisms of 
oral cancer is the key to its successful management. 
Biomarkers are molecules that orchestrate these 
mechanisms and studying them is crucial. The 
discovery of new biomarkers helps deciphering 
more about cellular events and signaling pathways 
that control oral cancer (6). 
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Gene sequencing has greatly helped in the 
field of cancer among many diseases allowing 
detection of pathologic genetic elements and the 
expression of specific genes related to cancer. With 
the development of this technology, genetic data 
obtained from different cancer types have been 
stored in electronic databases. Analysis of these 
data provides great benefits in identifying new 
biomarkers and better understanding of molecular 
mechanisms and pathways driving cancer which is 
the role of bioinformatics (7). Genetic data analysis 
has allowed for the development of therapeutic 
agents aimed at cancer; however, successful cancer 
management is still a major problem and needs 
extensive study.  

Previous studies conducted to designate 
the genetic landscape in head and neck squamous 
cell carcinomas have detected abnormal expression 
of genes such as TP53, NOTCH1, CDKN2A, 
EGFR and PIK3CA. However, targeting these 
genes has not generated impactful results in OSCC 
management (8-11). Moreover, studies have 
revealed that genetic profiles of OSCC patients 
differ between various ethnic groups possibly 
owing to variation in etiological factors and 
propensity to certain anatomical sites which infer 
that patients may not benefit similarly from 
molecular targeted drugs (12-15). Thus, it is urgent 
to determine biomarkers and utilize them for 
improving the effectiveness of targeted therapy 
which is highly dependent on patient’s genetic and 
molecular profiles. Establishment of a molecular 
classification of OSCC subtypes would markedly 
direct the selection of the most appropriate 
treatment modality as is the case with breast 
cancer. However, clinical application for OSCC is 
still in its initial steps  (16).     

The aim of the present study was to 
identify new biomarkers of OSCC based on 
bioinformatics analysis that provide avenues for 
advancing diagnosis, assessing prognosis and 
providing innovative treatment methods.     
 
MATERIALS AND METHODS 
Data acquisition  
In the present study, we used UCSC Xena which is 
an online exploration tool for publicly available 
data of multiple cancer types at The Cancer 
Genome Atlas (TCGA) project.  HTSeq - Counts 
workflow of RNA-sequencing (RNA-Seq) of head 
and neck cancer dataset (n=546) were downloaded 
from TCGA. 
(https://xenabrowser.net/datapages/?cohort=GDC%
20TCGA%20Head%20and%20Neck%20Cancer%
20(HNSC)&removeHub=https%3A%2F%2Fxena.t
reehouse.gi.ucsc.edu%3A443), with the 
recommended  genome mapper https://gdc-
hub.s3.us-east-
1.amazonaws.com/download/gencode.v22.annotati
on.gene.probeMap; Full metadata and  associated 

phenotable https://gdc-hub.s3.us-east-
1.amazonaws.com/download/TCGA-
HNSC.GDC_phenotype.tsv.gz; Full metadata 
OSCC RNA-Seq were selected from the 
downloaded dataset as follow: 
(a) Primary sites: tongue, hard palate, lip, gum, 
floor of the mouth, cheek, base of the tongue, 
mandible, other unspecified parts of oral cavity 
(b) Disease type:  squamous cell neoplasms  
(c)Workflow type: HTSeq – Counts 
(e) Sample type: primary tumor  
After exclusion of the data related to extraoral sites, 
a total of 360 samples within the OSCC dataset 
were selected, among which 328 tumor samples 
and 32 matched normal tissue samples were 
detected. 
Exploratory analysis of data 
Screening of data was done and we found that the 
downloaded HTSeq – Counts  were  processed to 
be (log2(count+1) ) so the first step was to unlog 
(count)-1  to return the read count of HTSeq to be 
analyzed further by  using  (DESeq2)   
Bioconductor package in R 
(https://bioconductor.org/packages/release/bioc/ht
ml/DESeq2.html30T) . 
To filter  out the lowest variance genes, the standard 
deviation score (SDS) was calculated for all the 
mapped genes using matrix state package (CRAN: 
Package matrixStats (r-project.org)30T. Selection of 
the top 25000 sorted genes had been done into 
which differential expression analysis was done. To 
reveal the similarities between the two study 
groups, histogram and 3D principal component 
analysis (PCA) plots have been made to detect the 
outliers before the differentiation step. 
Differential gene expression analysis  
Differential gene expression analysis between 
tumor tissues and normal tissues across the OSCC 
samples in the selected dataset was done using the 
DESeq2 package in R.  the results were selected 
according to adjusted P-value <0.01 as screening 
criteria for differential genes, log2FC (fold 
change)> 2 as upregulated and log2FC < -2 as 
downregulated genes.  
Functional enrichment analysis 
Gene Ontology (GO) functional enrichment and 
Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway analyses of the differentially 
expressed genes (DEGs) were done using DAVID 
online tool (http://david.ncifcrf.gov ). where, false 
discovery rate (FDR) less than 0.05 and minimum 
enrichment of 3 were used as the screening criteria. 
Graphical representations such as bar, chord and 
circ plots were constructed. This was accomplished 
using the “GOplot” package 
(https://bioconductor.org/packages/GOplot/ ) in R 
software (version 4.21), ensuring a clear and 
interpretable presentation of the outcomes. Go 
terms for DEGs were identified as well as the 
related KEGG pathways. Go terms were 
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categorized into three groups: biological processes 
(BP), molecular functions (MF), and cellular 
components (CC).  
Protein-protein interaction network of DEGs 
Protein-protein interaction (PPI) of the most 
significant 50 DEGs was done using STRING 
online tool (https:// www.string-db.org/ ), to obtain 
the PPI network.   
A flowchart for the study design is illustrated in 
figure 1. 
Statistical analysis 
Data were analyzed using R programming language 
run by R studio with screening criteria of adj. P < 
0.01 and log2 FC > 2, or log2 FC < − 2 for 
statistical significance.  
 
RESULTS 
Clinical results of OSCC dataset 

In the present study, a total of 360 data 
files of OSCC have been selected from the 
downloaded head and neck cancer dataset. Among 
them, 328 files were true tumor samples while 32 
files were related to matched normal tissue 
samples. Clinical analysis of data reveals that males 
represent (68.6%) of tumor cases (n=225), while 
females represent (31.4%) of tumor cases (n=103). 
45.7% of tumor samples were dead (n=150) and 
54.3% of tumor samples were live (n=178).  

Concerning the anatomical site, the most 
common site of occurrence was the tongue 
representing 47.6% of the cases (n=156), followed 
by the other non-specified parts of the oral cavity 
representing 23% of the cases (n=76).  The floor of 
the mouth accounted for 17% of the cases (n=56), 
the cheek mucosa 5.8% of the cases (n=19), the 
gums 3.6% of the cases (n=11). The hard palate, 
lips and mandible were represented by 
1.5%&1%&0.5% respectively (n=5), (n=3), (n=2).  
Exploratory analysis and data processing results  

To detect the similarities between the two 
study groups, data were transformed to tidy data 
and histogram was illustrated using ggplot2 
package in R (https://ggplot2.tidyverse.org/). The 
histogram showed no outliers in the selected data 
between the 2 study groups (figure 2a). 3D PCA 
plot has been made using prcomp function in R and 
showed no outliers between the tumor data and soft 
tissue normal data (figure 2b). 
Identification of differentially expressed genes 

According to the analysis performed by 
DESeq2, a total of 1,506 DEGs were identified 
between tumor samples and normal tissue samples. 
DEGs with significance were selected according to 
adjusted P-value <0.01 as screening criteria for 
differential genes, log2 FC> 2 as upregulated and 
log2 FC<-2 as downregulated genes (figure 3a). 
159 DEGs were obtained .151 were downregulated 
and only 8 were upregulated.  

The obtained DEGS were ordered by 
adjusted P-value and log2 FC and selection of the 

most significant 50 DEGS has been done. All of 
them were downregulated except PCDHGA12. The 
expression of these 50 DEGs between the 2 groups 
of comparison is illustrated in figure 3b.   
Functional annotation of the top 50 DEGs in Go 
term analysis 

Functional enrichment analysis of DEGs 
revealed that they were enriched in keratinization, 
intermediate filament organization, biomineral 
tissue development and defense response to 
bacterium in the BP group; extracellular space, 
extracellular region, extracellular exosome and 
keratin filament in the CC group; structural 
constituent of skin epidermis in the MF group.  
GO pathway enrichment analysis for the three 
categories of GO terms for top 50 DEGs is 
illustrated in bar plot (figure 4a) and circ plot 
(figure 4b). 
Functional annotation of top 50 DEGs via KEGG 
analysis  

KEGG pathway analysis of the top 50 
DEGs revealed that the most enriched KEGG 
pathway for OSCC was salivary secretion with all 
the 9 genes associated were downregulated 
indicating that decreased salivary secretion might 
be considered as a risk factor for progression of 
oral cancer (figure 5).  
Protein-protein interaction network 

The analysis of the PPI network between 
differentially co-expressed genes was established 
through the STRING database tool, generating 40 
nodes and 61 edges and resulting in 2 significant 
modules using MCL clustering method which are 
salivary secretion illustrated in red and intermediate 
filament organization illustrated in yellow. The hub 
genes of the PPI network were obtained using the 
CytoHubba plugin BottleNeck Algorithm provided 
through Cytoscape software. According to the 
BottleNeck Algorithm, the top 8 genes in the 
network included STATH, SMR3B, CST4, 
KRT83, PRB3, ZG16B, BPIFA2, MUC7.  STATH, 
SMR3B, CST4 and KRT83 were the most 
significant (figure 6).  

 

http://www.string-db.org/
https://ggplot2.tidyverse.org/
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Figure 1: Flow chart showing the study design. 

 
Figure 2: Histogram (a) and 3D PCA (b) revealing 
no outliers between the tumor data and normal 
tissue data. Yellow dots represent tumor samples 
while blue dots represent normal tissue samples.  
 

 
Figure 3: (a) Volcano plot showing adjusted P-
value versus fold change for differential gene 
expression analysis (b) Heatmap illustrating the top 
50 differentially expressed genes. 
 

 
Figure 4: Gene ontology (GO) and KEGG 
analyses of differentially expressed genes. (a) Bar 
plot illustrating enriched GO terms for biological 
processes, cellular components, molecular 
functions. (b) Circ plot illustrating enriched GO 
terms for biological processes, cellular 
components, molecular function and KEGG 
pathway. Each dot represents an individual gene 

 
Figure 5: Chord plots illustrating relationships 
between genes and (a) biological processes terms 
(b) Cellular components terms (c) Molecular 
function term and KEGG pathway. 
 

 
Figure 6: (a) Protein-protein interaction network of 
the 50 significant differentially expressed genes 

revealing 2 significant clusters: salivary secretion 
illustrated in red and intermediate filament 
organization illustrated in yellow. (b) Hub genes 
from the 2 significant clusters. Darker color 
indicates more significance. 
 
DISCUSSION 

Despite progress in OSCC treatment, the 
survival rate of patient has not greatly improved. 
Recurrence is a common outcome following 
treatment that decreases survival (17). Late 
diagnosis is implicated in poor prognosis of OSCC 
(18). Patients diagnosed at an advanced stage may 
not benefit from the wide range of recent targeted 
therapeutic drugs. Thus, the discovery of new 
biomarkers can help in the early diagnosis of 
OSCC and selection of the most appropriate 
targeted drug tailored to each patient. Also, finding 
more about the genetic profile of oral cancer, 
enlighten the way in the journey of monitoring 
cancer progression and successful treatment (16). 

In the present study, we used 
bioinformatics tools to identify DEGs in OSCC and 
highlight their functions.  DEGs can be hopefully 
exploited and used as biomarkers to help in 
monitoring OSCC patients and allow innovation for 
developing effective anticancer drugs.   

The PPI of the obtained top 50 DEGs 
accentuated one enriched pathway (salivary 
secretion) and a significant biological process 
(intermediate filament organization). cytoHubba 
plugin identified the most significant 8 genes (hub 
genes). All were downregulated. STATH, SMR3B, 
CST4, PRB3, ZG16B, BPIFA2, and MUC7 were 
correlated and share a common pathway which is 
salivary secretion.  Downregulated salivary 
secretion genes in OSCC indicate low salivary 
secretion accompanying oral carcinogenesis. 
Interestingly, KRT83 was one of the top 8 genes 
but linked to a different cluster which is 
intermediate filament organization.      

KRT83, KRT81, KRT76 and KRT36 were 
from the most significant 50 DEGs in OSCC. They 
are strongly interacting genes enriched in 
intermediate filament organization, keratinization 
and structural constituent of skin epidermis.  

KRT83, KRT81, and KRT76 belong to 
keratin type II family of keratin genes responsible 
for formation of epithelium. They are located on 
chromosome 12 (4). Keratin filaments are 
intermediate filaments: one of the three main 
constituents of the cytoskeleton, the other being 
microfilaments and microtubules (19). Keratin 
filaments help structural organization of epithelial 
cells, making networks that allow for mechanical 
support and resisting cellular stress (20). In 
addition, they participate in cellular processes such 
as cell motility and apoptosis. Keratin genes play 
important roles in carcinogenesis such as invasion 
and metastasis (4). 
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KRT83 functions in cell-cell adhesion. Its 
abnormal expression is linked to cancer (21).  
Change in gene expression levels in cancer may be 
due to mutation affecting the DNA sequence or 
errors in mechanisms altering the transcriptional 
process known as epigenetic dysregulation (22). 
Epigenetic alteration is a common cause driving 
cancer apart from genetic mutation. KRT83 was 
found to be methylated in metastatic breast cancer 
patients to the brain (21). 

Miyata et al. (23) reported that the 
expression of KRT83 in metastatic 
cholangiocarcinoma was higher than in primary 
cholangiocarcinoma using cDNA microarray (23). 
In a study concerned with osteosarcoma, mRNA 
sequencing data and clinical data of pediatric 
osteosarcoma patients were obtained from 
TARGET database available at the Genomic Data 
Commons (GDC). Gene expression analysis 
detected that high KRT83 expression was strongly 
associated with overall survival and high mortality 
(24). 

Moreover, Cui et al. (25) conducted a 
study to explore the prognostic value of tumor 
mutation burden (TMB) in breast cancer utilizing 
bioinformatics analysis. KRT 83 was among the 
top 10 DEGs between low-TMB and high-TMB 
breast cancer patients. KRT83 was upregulated in 
the low-TMB group (25). 

In the study of Yan et al. (20), the 
expression of KRT81 in triple negative breast 
cancer (TNBC) was high while it was low in other 
types of breast cancer. KRT81 expression increased 
in advanced stage of the TNBC. TNBC is an 
aggressive form of breast cancer and its treatment 
is challenging with lower response to drugs. 
KRT81 was found to be a prognostic factor of 
TNBC (20). 

Nanashima et al. (26) carried out knock 
down of KRT81 in breast cancer cells which 
resulted in decreased cell migration and invasion 
by downregulating invasion-related genes such as 
TNF, MMP9 and LCN2. Although KRT81 is a hair 
keratin gene known to be expressed in hair and 
nails (hard keratin), it is expressed- in lower levels- 
in other tissues like normal breast tissues and breast 
cancer (26). 

Similarly, knock down of KRT81 in 
melanoma cell lines decreased cell proliferation, 
migration and invasion by downregulating 
interleukin-8. In the same study, the expression of 
KRT81 was measured in melanoma tissues and 
adjacent normal tissues and was found to be higher 
in cancer (27).  

KRT36 is a type I keratin gene positioned 
on chromosome 17. It belongs to the hair keratins 
and is a marker of differentiation of the hair cortex. 
KRT36 is normally expressed in the tongue but it 
was found to be downregulated in tongue 
squamous cell carcinoma (28). Furthermore, 

clinically normal adjacent tongue tissue exhibited 
low expression of KRT36 accentuating the field 
cancerization event (28,29). In contrast, KRT81 
was upregulated in tongue cancer (28). 

KRT76 is a type II keratin gene whose 
protein product is expressed in the suprabasal 
layers of a variety of human epithelia (30). In the 
oral cavity, KRT76 is particularly expressed in the 
suprabasal cell layers of the masticatory epithelium 
(epithelium lining gingiva and hard palate) (31,32). 
It was reported that KRT76 was downregulated in 
OSCC and correlated with poor prognosis (32). 
Also, the expression of KRT76 was diminished in 
oral premalignant lesions and was even lower in 
gingivobuccal carcinomas as compared to normal 
oral tissue (32).  In a study carried out on mice with 
different expression states of KRT76 and induction 
of carcinomas, the development of carcinomas was 
faster in homozygous mice (KRT76−/−) than 
homozygous mice (KRT76+/+) and heterozygous 
mice (KRT76+/−) suggesting that loss of KRT76 
participates in oral cancer progression (30). 

KRT76 is important in maintenance of 
epithelium and was found to be actively expressed 
in sites of wound healing. Mice models with 
Knockout of KRT76 experienced non-healing skin 
wounds (33). 

A study conducted by Lee et al. (34) to 
compare gene expression between the gingival and 
dental pulp revealed that C-MYC and KRT76 
among other genes were more expressed in the 
gingiva than the dental pulp reflecting the role of 
gingiva in proliferation and differentiation. It was 
reported that oral carcinomas have downregulation 
of KRT76 and upregulation of C-MYC (32,35) and 
targeting these molecules synchronously may 
provide favorable clinical results. 

Abnormal expression of keratin genes in 
OSCC propose defect in differentiation which may 
be linked to change in cell cycle normal pattern 
(36).  

The difference between our results and the 
results of previous studies is due to variation 
among various cancer types and even between 
patients of the same cancer type supporting the 
ongoing era of personalized medicine to ensure the 
best treatment outcome for each single patient.  
 
CONCLUSION 
Since cancer is a polygenic disease driven by a 
huge number of genetic abnormalities, targeting a 
number of biomolecules linked together in a 
signaling pathway or a molecular function can offer 
superior therapeutic results and encourage the 
production of new effective targeted drugs.  
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