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ABSTRACT

Aim/Background: The aim of the study is to carry out survival analysis on the candidate hub genes
to check out their effects on Keratinisation of mucous cells are related to the genes which are
responsible for OSCC. Materials and Methods: Gene expression profiling array for two microarray
data sets of keratinized and normal oral tissue has been taken from GEO then DEGs and Inc
RNAs are identified in oral cancer using LIMMA R package 15 in bio-conductor followed by KEGG
analysis. STRING tool used to construct the PPIN for the sub PPIN, MCODE algorithm used for our
work. The prognostic correlation co efficient values of the genes responsible for the keratinisation
process in cancers have been studied using TCGA project in The Encyclopedia of RNA Interactomes
(ENCORI). Functional annotation and co-expression results done with these CD44, CD58, CD40,
VIM, KRT19, MMP1, ANGPTL4, FABP4, ENTPD1, and FCER2 key protein coding genes. Results:
Hyper-methylated promoters play a crucial role in the inactivation suppressor genes during
carcinogenesis and dysregulation of the DEGs are intently related with progression of cancer as
functions as reporter genes. The enrichment result of DEGs can reveal the role of some URGs
shows various activated levels in keratinocyte cells of heavy smokers and keratinocytes of people
who had never smoked. ENTPD1 is connected to the DEGs which are related to TNF receptor,
lymphocyte receptor. Ag3 associated with lymphocytes respectively, also to KRT19 which together
acts with KRT8 causes mutations and alterations of genes. Conclusion: From this study a hallmark
gene ENTPD1 has been identified for oral squamous cell carcinoma along with HNSCC with the
seed gene CD44 interconnected with CD40, CD58.

Keywords: Oral squamous cell carcinoma, Head and neck squamous cell carcinoma, Differentially
expressed genes, Keratinisation, Hallmark gene.
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Oral cancer is a very aggressive disease, it is the 6™ most
common disease throughout the world.I"” Carcinogenic
overgrowth within the oral cavity of normal cells is
major causes of fear. Cancer occurring in the tissues
of oral cavity (begins at the lips and extends backwards
to the front part of the tonsils) or oro-pharynx (part
of the throat) is termed as oral cancer. Oral cavity
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consists of Tongue, Lips, Gums and Teeth, Lining of
cheeks, Salivary glands, Floor of the mouth, Roof of
the mouth (hard palate), Tonsils, Uvula, Larynx. Oral
Squamous Cell Carcinoma (OSCC) includes various
types of cancers like TSCC, Salivary and maxillary gland
cancer, tonsil cancer, larynx cancer, nasopharyngeal
cancer head and neck cancer etc.¥ Epidemiologic
studies have indicated that bidi, cigarettes smoking
may cause major role in etiological factors of OSCCP!
and excessive alcohol in taking, smokeless (ateca or
tobacco chewing, betel nut chewing,) like carcinogenic
agents and human papilloma virus(HPV) plus poor oral
hygiene and genetic disposition.” " Registration of this
very fatal disease is not compulsory in India, so the
true incidence and mortality may be higher, as many
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cases are untrecorded and loses follow up.!" It has been
predicted that India’s incidence of cancer will increase
from 1 million in 2012 to more than 1.7 million in 2035.
This indicates that the death rate because of cancer will
also increase from 680000 to 1- 2 million in the same
petiod The international agency for research said.'”
The survey says although multidisciplinary treatments
including chemotherapy, radiotherapy and surgery
have remarkably improved the survival rate of OSCC,
HNSCC, LSCC patients. The etiological fraction of
OSCCin men attributable to smoking is around 70%.["!
From 1920’s some of the Eminem scientists configured
that Cigarette smoking and cancer these two words are
interrelated and by the 1950’ a casual relationship with
lung cancer was truly established."*'"® By the time, in
1985, under the auspice of IRAC (International Agency
For Research On Cancer) an international group of
scientists proved a casual relationship between oral
cavity, pharynx, larynx, lungs, pancreas, urinary bladder,
urethra, and renal pelvis."”! Approx 17 years later in a
revised Monograph on Tobacco smoke and involuntary
smoking, IARC also included cancers of nasal cavities
and nasal sinuses, stomach, oesophagus, stomach,
kidney (renal cell carcinoma), liver, uterine cervix and
bone marrow (myeloid leukaemia) to the long list of
cigarette smoking related carcinoma.” While smoking
is an established risk factor for many forms of cancer,
the magnitude of the risk varies between studies and
in this study we have tried to show some Differentially
expressed genes which causes oral dysplasia. Though it
is dismal due to rapid metastasis and high regional rate.
B4 that's why OSCC malignancy tends to relapse or
progtess even after treatment within 5 years of span.”!
Overall, this study will provide convincing up-regulated
or down-regulated gene expressions which can be
necessary for proper prediction of cancer prognosis.

Till date it has become clear that Genes are involved
in normal physiological processes, cellular behaviours
including proliferation,
differentiation inflammation, stress response, migration,
invasion, differentiation and apoptosis plus negatively
regulate protein expression at the post-transcriptional or
translational level.”**” Hypermethylated promoters play
a crucial role in the inactivation of tumour suppressor
genes during carcinogenesis and dysregulation of the
differentially expressed genes are closely related to
cancer progression, functioning as tumour oncogenes
or suppressors, repressors, enhancers. Previous studies
suggest that cigarette smoke influences the development
of various microenvironments of cells. A pathway
enrichment analysis of DEGs (Differentially expressed
genes) can reveal the role of some up-regulated

cell-cycle regulation, cell

genes displaying differing activated levels in dysplastic
keratinocyte cells of heavy smokers and keratinocytes
of people who had never smoked.

MATERIALS AND METHODS
Identification of DEGs from Public Microarray data

The public gene expression profiles of GSE54861 1D:
200054861 downloaded from the Gene Expression
Omnibus (GEO, http://www.ncbi.nlm.nih.gov/geo).
These profiles were deposited by Chia H. lee in 2015
and overall design of the data is: Total RNA was
collected from DOK and HOK cells followed by gene
expression microarray analysis like boxplot Figure 2.
Comprised four samples from Homo Sapiens, those
are GSM1325302 HOK(1), GSM1325303 HOK(2),
GSM1325304 DOK(1), GSM1325305 DOK (2) and
The dataset was analysed with R BIOCONDUCTOR
packages, and raw datasets were normalised based on
the PREPROCESSCORE package and the DEGs were
screened out via the LIMMA package through the cut-
off criteria of adjusted P-value < 0.05.

Functional and pathway enrichment analysis

Dennis G Jr et al. Described DAVID (https://david.
ncifcrf.gov/) as an integrative and systematic approach
to learning, It is a systematic functional annotation tool
thatallows researchers to unveil the biological fruitfulness
behind a large list of genes.”* We have used DAVID
to perform functional and pathway enrichment analysis
followed by GO (Gene ontology) analysis. GO includes
3 functional ontologies CC (cellular component), MF
(molecular function), and BP (biological process) and
KEGG (Kyoto Encyclopaedia of Genes and genomes)
pathway enrichment analysis.”?'l are carried out for
the down-regulated and up-regulated genes separately.
Statistical significance is regarded as P < 0.05.

Protein—protein interaction network construction and
module analysis

In order of priority the molecular mechanisms of the
key genes responsible for the dysplastic keratinocyte in
oral cavity, responsible for heavy smoking, the online
search tool STRING database (https://stringdb.org/)
is used to construct a PPI / protein-protein interaction
network of interacting genes to predict interactive
relationships among common DEGs encoding proteins.
The minimum interaction score > 0.4 is required to
construct the PPI network. Subsequently, according to
the connection degree by CYTOSCAPE software the
hub genes are selected.
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RESULTS
Identification of DEGs

Compared with Normal keratinocyte cells of oral
cavity, a total of 12,242 DEGs were identified in human
oral squamous cells of heavy smoker consisting of 16
up-regulated and 15 down-regulated genes. The enlisted
genes are accumulated in Table 1.

GO functional annotation and pathway enrichment

In GO functional annotation and pathway enrichment
analysis there were no enriched categories of Down-
regulated genes in DAVID. Total important terms for
up-regulated genes are listed in Table 2.

In the CC ontology, only one enriched category
satisfied the cut-off criteria (P < 0.05) and we found
that the majority of enriched categories were relevant
to extracellular components, such as cornified envelope
(6 genes). In the Biological process ontology, the
regulation of inflaimmatory immune response items
constituted the majority of enriched GO categories,
including keratinization (2 genes), peptide cross
linking (1 gene), keratinocyte differentiation (two
genes), epidermal cell differentiation (two genes), skin
development (4 genes), epithelial cell differentiation
(4 genes), epithelium development (6 genes), tissue
development (3 genes). The second majority of
enriched categories were associated with structural
molecular activity consisting more that 3 genes and fold

enrichment is 14.52. Furthermore, the KEGG pathways
of upregulated genes are mainly involved in cancer
(Table 2) and included glutathione metabolism, PPAR
signalling pathway, Cytochrome-p450 drug metabolism,

chemical pathways of cancer, microRNAs involved

Table 1: The significant up-regulated and
down-regulated genes.

Upregulated genes Downregulated genes

Gene. logfFC adj.P.Val Gene. logfFC adj.P.Val
symbol symbol
PI3 7.12  4.65E-20 KLK5 -5.91 3.02E-19
ANGPTL4 645 1.23E-19 OLR1 -5.69 3.02E-19
SPRR2F  6.05 143E-19 IGFBP3  -546 3.02E-19
SPRR2A  5.99  1.43E-19 KLK5 -5.88 7.52E-19
SPRR2D 6.03 1.43E-19 KRT15 -5.17  9.90E-19
SPRR3 6.22 1.43E-19 PLA2G16 -5.09 1.04E-18
VIM 5.87 3.02E-19 ADIRF -4.88 1.36E-18
KRT6B 6.09 3.02E-19 IGFBP3  -4.74 5.76E-18
KRT19 6.96 3.02E-19  GPX2 -4.22 1.51E-17
LGALS7 529 5.57E-19 IRX3 -411  4.07E-17
LGALS7B 5.9 5.72E-19 UCA1 -3.77 4.70E-17
SPRR2E 511 9.24E-19 DHRS3 -4.34 4.70E-17
LGALS7B 524 1.04E-18 CTSH -3.83  6.44E-17
VIM 549 1.04E-18 STMN3 -3.58 9.39E-17
MGST1 512 1.39E-18 RPS4Y1 -411  1.01E-16
H19 492 1.06E-18

Table 2:Functional annotation and enrichment analysis of DEGs. And list of related genes of Biological Pro-

cess, Molecular Function and Cellular Component from GO analytic tool.

Term and GO ID Count Fold Up or Raw P Genes
enrichment Down value
BIOLOGICAL PROCESS
keratinization (GO:0031424) 5) > 100 up 1.77E-10 LCE1E, LCEBA
peptide cross-linking (GO:0018149) 5 > 100 up 1.26E-06 TGMS5,
keratinocyte differentiation (GO:0030216) ) 79.46 up 3.48E-09 UGCG, LCE1E,
epidermal cell differentiation (GO:0009913) 5 6183 up 2.42E-08 PTPRQ, UGCG
skin development (GO:0043588) ) 36.99 up 1.43E-07 SRF, PSEN1, GBA, TP63
epidermis development (GO:0008544) 5 30.76 up 3.51E-07 FST, BCL2, CTNNB1, FZD6
epithelial cell differentiation (GO:0030855) 5) 19.43 up 2.44E-07 UGCG, NF2, SMAD4, THRB,
epithelium development (GO:0060429) 5 10.65 up 7.89E-06 EPHA2, IFT20
tissue development (GO:0009888) 5 7.51 up 9.66E-06 OXCT1, SATB2, SERPINH1,
SPTLC2, IMPAD1, SULF1
anatomical structure development 1.00E+01 3.43 up 2.89E-05
(G0:0048856)
GO molecular function complete Homo sapiens
structural molecule activity (GO:0005198) 7 14.52 up 3.88E-03 rpsQ, rpsB, rplB
GO Cellular component complete Homo sapiens
cornified envelope (GO:0001533) 5 >100 up 1.55E-13 EVPL, DSC3, DSG3,

AOA224ANV7, QOKG49
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in cancer, Epstein-Barr virus infection. The other
enriched portions comprised items related to cancer
development, which included chemical carcinogenesis-
DNA ADDUCTS, mictroRNAs in cancer.
(Differentially expressed genes). Highlighted genes
are significantly differentially expressed at a default
adjusted p-value cutoff of 0.05 (red = upregulated, blue
= downregulated) in the Figure 1.

The nodes represent the genes and the edges represent
the corresponding PPI pairs. A total of 37 genes were
integrated into the network.

PPl network construction, module analysis and
hub gene selection

Protein-protein interaction networks are constructed on
the basis of the STRING database and are displayed
in Figure 3. Most of the differentially expressed genes
and related genes are disconnected in the network.
When from the settings Degree = 4 is set as the cut-
off criteria, among 37 DEGs and related genes, NINE
genes in the ppi network is selected as hub genes: CD44,
CD58, CD40, VIM, KRT19, MMP1, ANGPTLA4,
FABP4. These hub genes might play a sensitive role in
keratinisation of dysplastic cells due to heavy smoking,
Subsequently, only one significant cluster was identified
from the PPI network by MCODE, and consisted of
10 nodes (CD44, CD58, CD40, VIM, KRT19, MMP1,
ANGPTLA4, FABP4, ENTPD1, FCER2) and ELEVEN
edges. Furthermore, identified as the seed gene in this
cluster is CD44.

This module consisted 10 of nodes (CD44, CD58,
CD40, VIM, KRT19, MMP1, ANGPTL4, FABP4,

GSES54861: healthy vs displastic

- &,
* Ty ..,i..'
& 1 ‘o :
v w0
EE
2
a
(=1
= 2
i=]
o
Padj<0.05
* down
o - " up
T T T T T T
6 -4 -2 0 2 4 6

log2(fold change)

Figure 1: This Volcano plot is created using the limma pack-
age. This plot displays statistical significance (-log10 P value)
versus magnitude of change (log2 fold change) and is useful

for visualising DEGs.
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Figure 2: This Boxplot is Generated using the R package.
The sampleshave been defined into two groups: Healthy
and dysplastic. The Samples are colored according to
groups,usually, median-centred values are indicative that the
data are normalised and cross-comparable.

Figure 3: The protein—protein interaction (PPI) network for the
differentially expressed genes.

ENTPD1, FCER2) and seven edges, and CDD44 was the
seed gene in this module.

Analysis on these candidate hub genes to check out
their effects on oral cancer survival

We Perform the Recurrence free survival (RFS) analysis
and overall survival (OS) analysis based on expression
data by Kaplan Meier plotter (kmplot.com/).
Dynamically Kalpan- Meier plots generate curated
survival data which includes all TCGA cohorts. Groups
of hallmark genes and seed genesare colored and
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Figure 5: The only network is showing the 15 Cluster with the
seed gene CD44 and CD58, ENTPD1, CD10, FCER2, and
SECOND CLUSTER with MMP1, ANGPTL4, FABP4, KRT19:
which are responsible for keratinisation by using cytoscape.

labelled according to the leftmost annotation column so
that users can quickly assess if any annotation field has
an impact on survival. In KM PLOTSs advanced options
allow investigators to select other survival parameters by
analysing Figure 5. We have chosen ENTPD1for head
and neck squamous cell carcinomato show the probable
mutations with the wild types in respect to seed gene
CD44 and some others related genes CD58, and CD40.
We have tried to analyse the plot of KRT19, but we
didn’t get any result of the same so we have chosen
KRT?7 which is directly linked with KRT19 and attached
that data too.

DISCUSSION

The identified seed gene CD44 is a GP90 lymphocyte
homing/adhesion receptor, that is Receptor for HA
(hyaluronic acid). Mediates cell-cell and cell-matrix
interactions through its affinity for HA, and possibly
also through its affinity for other ligands such as
osteopontin, collagens, and matrix metalloproteinases
(MMPs). Adhesion with hyaluronic acid plays an
important role in cell migration, tumour growth and
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progression. In cancer cells, it may play an important
role in invadopodia formation. Also involved in
lymphocyte activation, recirculation and homing, and
in hematopoiesis. Network showing that it is connected
with CD40 which is Tumour necrosis factor receptor
superfamily member 5 and Receptor for TNFSF5/
CD40LG that Transduces TRAFG6- and MAP3KS-
mediated signals thatactivate ERK in macrophages and B
cells, leading to induction of immunoglobulin secretion.
The GP90 lymphocyte homing/adhesion receptor is
connected withCD58, Lymphocyte function-associated
antigen 3 which is the Ligand of the T-lymphocyte
CD2 glycoprotein. This interaction is important in
mediating thymocyte interactions with outer layer of
thymus (as a primary lymphoid organ) epithelial cells,
antigen-independent and -dependent interactions of
T-lymphocytes with target cells and antigen- presenting
cells and the T-lymphocyte rosetting with erythrocytes.
In addition, the LFA-3/CD2 interaction may be a prime
response by both the CD*" and LFA-’" cells. Vimentin
(VIM) is attached to the nucleus, ER (endoplasmic
reticulum), and mitochondria, either laterally or
terminally and found in oral epithelial cells as class 111
intermediate filaments also connected with KRTS; type
1T cytoskeletal 8, together with KRT19, helps to link the
contractile apparatus to dystrophin at the costameres
of striated muscle. Altered expression or dysfunction
causes numerous pathogenic phenotypes. Great protein
heterogeneity due to numerous alternative splicing and
post-translational modification events. Receptor for
LGALSY; the interaction enhances binding of SMAD3
to the FOXP3 promoter, leading to up-regulation of
FOXP3 expression and increased induced regulatory
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T (iTreg) cell stability and suppressive function of CD44
is connected with the MMP1, Matrix metallopeptidase 1
interstitial collagenase Cleaves collagens of types I,
II, and IIT at one site in the helical domain which
Also cleaves collagens of types VII and X. MMP4
is connected with the node Hepatic fibrinogen/
angiopoietin-related protein ANGPTL4, the Protein
with  hypoxia-induced endothelial
cells. It can act as a regulator of angiogenesis and
modulate tumorigenesis and Inhibits proliferation,
migration, and tubule formation of endothelial cells

expression  in

and reduces vascular leakage. In response to hypoxia,
the unprocessed form of the protein accumulates in the
sub-endothelial extracellular matrix (ECM). The matrix-
associated and immobilised unprocessed form limits the
formation of actin stress fibres and focal contacts in the
adhering endothelial cells and inhibits their adhesion.
That may exert a protective function on endothelial cells
through an endocrine action. It is directly involved in
regulating glucose homeostasis, lipid metabolism, and
insulin sensitivity. Lipid transport protein in adipocytes
from the Adipocyte-type fatty acid-binding protein,
binds both long chain fatty acids and retinoic acid and
delivers long-chain fatty acids and retinoic acid to their
cognate receptors in the nucleus is FAB4 connected
with the ANGPTLA4,. ALL THESE INFORMATIONS
TAKEN FROM https://string-db.org,?? Keratinisation
of oral squamous cells and connective tissues makes the
differences in their morphology and function in respect
to non keratinized cells of the oral cavity.?* Keratin
17 expression occurred in approximately half of the
gastric cancer patients in a previous study, which was
positively correlated with tumour progression and poor

prognosis.*l

CONCLUSION

The genes responsible for Keratinisation of mucous
cells are related to the genes which are responsible
for ORAL carcinoma. KRT19 has been reported as
active factor of oral dysplasia is associated with CD40
which is a prognostic marker and transduces TRAF6-
and MAP3K8-mediated signals that activate ERK in
macrophages and B cells. Therefore we hypothesized
that the differentially expressed genes regulate
keratinisation in the oral cavity. Dynamic changes during
cell cycle and apoptosis of a cell is related to the CD40,
CD44 and CD58. (Figure 4) The annotation cluster
is showing that ENTPD1 is connected to the DEGs
which are related to Tumour necrosis factor receptor,
lymphocyte homing/adhesion receptor; Receptor for
HA (hyaluronic acid); Lymphocyte function-associated

antigen 3 resp. AND also to the gene KRT19 which
togetherly acts with KRTS8causes numerous alternative
splicing and post-translational modification events. In
cancer cells, may play an important role in invadopodia
formation also involved in lymphocyte activation,
recirculation and homing, and in hematopoiesis. All
these detailed analyses on the validation set from GEO
showed consistent results. The prognostic values of
the genes responsible for the keratinisation process
in cancers have been widely studied. Hence we can
conclude that ENTPDT1 can be a hallmark gene for oral
squamous cell carcinoma with the seed gene CD44and
connected with CD40, CD58which are responsible for
the mutations of head and neck cancer too.
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ABBREVIATIONS

GO: Gene ontology; CC: cellular component; MF:
molecular function; BP: biological process; KEGG:
Kyoto Encyclopedia of Genes and genomes; DRG:
down regulated genes; URG: Up regulated genes;
PPIN: Protein—protein interaction network; DEGs:
differentially expressed genes; OSC: oral squamous
cells; SC: squamous cell; OSCC: oral squamous
cell carcinoma; EC: extracellular components; IIR:
inflammatory immune response; VP: volcano plot;
RFS: Recurrence free survival; OS: overall survival;
HA: hyaluronic acid; MMPs: matrix metalloproteinases;
TNF: tumor necrosis factor; SM: super family member;
LFA: Lymphocyte antigen;
Antigen: Ag; APCs-antigen: presenting cells; RBCs:
Red Blood cells; VIM: Vimentin; ER: endoplasmic
reticulum; iTreg: Induced regulatory T; MMP1: Matrix
metallopeptidase 1 interstitial collagenase; ANGPTL4:
angiopoietin-related protein; ECM: sub-endothelial
extracellular matrix; RA: retinoic acid.

function-associated

SUMMARY

Keratinisation of oral squamous cells and connective
tissues makes the differences in their morphology and
function in respect to non keratinized cells of the oral

cavity.?”* The genes responsible for Keratinisation of
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mucous cells are related to the genes which are responsible
for ORAL carcinoma. KRT19 has been reported as
active factor of oral dysplasia is associated with CD40
which is a prognostic marker and transduces TRAF6-
and MAP3KS8-mediated signals that activate ERK in
macrophages and B cells. Therefore we hypothesized
that the differentially expressed genes regulate
keratinisation in the oral cavity. Dynamic changes during
cell cycle and apoptosis of a cell is related to the CD40,
CD44 and CDS58. (Figure 4) The annotation cluster
is showing that ENTPD1 is connected to the DEGs
which are related to Tumour necrosis factor receptor,
lymphocyte homing/adhesion receptor; Receptor for
HA (hyaluronic acid); Lymphocyte function-associated
antigen 3 resp. AND also to the gene KRT19 which
togetherly acts with KRT8causes numerous alternative
splicing and post-translational modification events. In
cancer cells, may play an important role in invadopodia
formation also involved in lymphocyte activation,
recirculation and homing, and in hematopoiesis. All
these detailed analyses on the validation set from
GEO showed consistent results. The prognostic
values of the genes responsible for the keratinisation
process in cancers have been widely studied. Keratin
17 expression occurred in approximately half of the
gastric cancer patients in a previous study, which was
positively correlated with tumour progression and poor
prognosis.’ Hence we can conclude that ENTPD1 can
be a hallmark gene for oral squamous cell carcinoma
with the seed gene CD44and connected with CDA40,
CD58 which are responsible for the mutations of head
and neck cancer too.

REFERENCES

1. Chen Y-F, Wei Y-Y, Yang C-C, Liu C-J, Yeh L-Y, Chou C-Het al. miR-125b
suppresses oral oncogenicity by targeting the anti-oxidative gene PRXL2A.
Redox Biol. 2019;22:101140. doi: 10.1016/j.redox.2019.101140, PMID
30785086.

2. Kao SY, Lim E. An overview of detection and screening of oral cancer in
Taiwan, Chin. Chin J Dent Res. 2015;18(1):7-12. PMID 25815378.

3. Coelho KR. Challenges of the oral cancer burden in India. J Cancer
Epidemiol. 2012;2012:Article ID 701932. doi: 10.1155/2012/701932, PMID
23093961.

4. Sankaranarayanan R, Ramadas K, Thomas G, Muwonge R, Thara S,
Mathew B et al. Effect of screening on oral cancer mortality in Kerala, India:
a cluster-randomised controlled trial. Lancet. 2005;365(9475):1927-33. doi:
10.1016/S0140-6736(05)66658-5, PMID 15936419.

5. Karatas OF, Oner M, Abay A, Diyapoglu A. MicroRNAs in human tongue
squamous cell carcinoma: from pathogenesis to therapeutic implications.
Oral Oncol. 2017;67(April):124-30. doi: 10.1016/j.oraloncology.2017.02.015,
PMID 28351566.

6. Ide R, Mizoue T, Fujino Y, Hoshiyama Y, Sakata K, Tamakoshi Aet al. Cigarette
smoking, alcohol drinking, and oral and pharyngeal cancer mortality in
Japan. Oral Dis. 2008;14(4):314-9. doi: 10.1111/j.1601-0825.2007.01378 %,
PMID 18449960.

7. Subapriya R, Thangavelu A, Mathavan B, Ramachandran CR, Nagini S.
Assessment of risk factors for oral squamous cell carcinoma in Chidambaram,

696

20.

21.

22.

23.

24.

25.

26.

27.

southern India: a case-control study. Eur JCancer Prev. 2007;16(3):251-6.
doi: 10.1097/01.cej.0000228402.53106.9¢, PMID 17415096.

Santos H-B, dos Santos T-K, Paz A-Ret al.Clinical findings and risk factors
to oral squamous cell carcinoma in young patients:A12-year retrospective
analysis. MedOralPatol Oral CirBucal. 2016;21(2):e151-6.

Solomon B, Young RJ, Rischin D. Head and neck squamous cell carcinoma:
genomics and emerging biomarkers for immunomodulatory cancer
treatments. SeminCancer Biol. 2018;52(2, October):228-40. doi: 10.1016/j.
semcancer.2018.01.008, PMID 29355614.

Ganci F, Sacconi A, Manciocco V, Sperduti |, Battaglia P, Covello R et al.
MicroRNA expression as predictor of local recurrence risk in oral squamous
cell carcinoma. Head Neck. 2016;38;Suppl 1:E189-97. doi: 10.1002/
hed.23969, PMID 25532855.

Swaminathan R, Rama R, Shanta V. Lack of active follow-up of cancer
patients in Chennai, India: implications for population-based survival
estimates. Bull World Health Organ. 2008;86(7):509-15. doi: 10.2471/
blt.07.046979, PMID 18670662.

Bray F, Ren JS, Masuyer E, Ferlay J. Global estimates of cancer prevalence
for 27 sites in the adult population in 2008. Int J Cancer. 2013;132(5):1133-
45. doi: 10.1002/ijc.27711, PMID 22752881.

Lee C-H, Pan K-L, Tang Y-C, Tsai M-H, Cheng A-J, Shen M-Yet al.LDOC1 is
silenced by cigarette exposure and involved in oral neoplastic transformation.
Oncotarget. 2015;6(28):25188-201. doi: 10.18632/oncotarget.4512, PMID
26317789.

Gandini S, Botteri E, lodice S, Boniol M, Lowenfels AB, Maisonneuve P
et al. Tobacco smoking and cancer: a meta-analysis. Int J Cancer.
2008;122(1):155-64. doi: 10.1002/ijc.23033, PMID 17893872.

Levin ML, Goldstein H, Gerhardt PR. Cancer and tobacco smoking; a
preliminary report. J Am Med Assoc. 1950;143(4):336-8. doi: 10.1001/
jama.1950.02910390008002, PMID 15415261.

Doll R, Hill AB. Smoking and carcinoma of the lung; preliminary report
[preliminary report]. Br Med J. 1950;2(4682):739-48. doi: 10.1136/
bmj.2.4682.739, PMID 14772469.

Doll R, Hill AB. Mortality in relation to smoking: ten years’ observations
of British doctors. Br Med J. 1964;1(5395):1399-410. doi: 10.1136/
bmj.1.5395.1399, PMID 14135164.

Doll R, Hill AB. Mortality in relation to smoking: ten years’ observations of
British doctors. Br Med J. 1964;1(5396):1460-7 CONCL. doi: 10.1136/
bmj.1.5396.1460, PMID 14132080.

Tobacco smoking. IARC MonogrEvalCarcinog Risk Chem Hum. 1986;38:35-
394. PMID 3460963.

IARC Working Group on the Evaluation of Carcinogenic Risks to Humans.
Tobacco smoke and involuntary smoking. IARC MonogrEvalCarcinog Risks
Hum. 1438;83:1:2004.

Zhuang Z, Yu P, Xie N, Wu Y, Liu H, Zhang M et al. MicroRNA-204-5p is
a tumor suppressor and potential therapeutic target in head and neck
squamous cell carcinoma. 2020. Theranostics Vol;10(3):1433-53. doi:
10.7150/thno.38507, PMID 31938073.

Hedberg ML, Goh G, Chiosea SI, Bauman JE, Freilino ML, Zeng Y et al.
Genetic landscape of metastatic and recurrent head and neck squamous
cell carcinoma. J Clin Invest. 2016;126(1):169-80. doi: 10.1172/JCI82066,
PMID 26619122.

Bernier J, Domenge C, Ozsahin M, Matuszewska K, Lefébvre J-L,
Greiner RH et al. Postoperative irradiation with or without concomitant
chemotherapy for locally advanced head and neck cancer. N Engl J Med.
2004;350(19):1945-52. doi: 10.1056/NEJM0a032641, PMID 15128894.
Paul D, Kumar A, Gajbhiye A, Santra MK, Srikanth R. Mass spectrometry-
based proteomics in molecular diagnostics: discovery of cancer biomarkers
using tissue culture. BioMed Reslnt, vol. 2013;2013:Article ID 783131, 16
pages. doi: 10.1155/2013/783131, PMID 23586059.

Eskiizmir Get al. Chapter 17. Micro and Nano technologies. In:Nanomaterials:
promising structure for the management of oral cancer. Nanostructures of
Oral medicine; 2017. p. 511-44.

Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and function. Cell.
2004;116(2):281-97. doi: 10.1016/s0092-8674(04)00045-5, PMID 14744438.
Di Leva G, Garofalo M, Croce CM. MicroRNAs in cancer. Annu Rev
Pathol. 2014;9:287-314. doi: 10.1146/annurev-pathol-012513-104715, PMID
24079833.

Asian Journal of Biological and Life Sciences, Vol 11, Issue 3, Sep-Dec, 2022



28.

29.

30.

31.

32.

Sengupta and Bhattacharya.: DEG Profiles and Pathway Enrichment Analysis of Oral Dysplastic Keratinocyte Cells Caused by Heavy Smoking

Dennis G Jr, Sherman BT, Hosack DA, Yang J, Gao W, Lane HCet al. DAVID:
database for annotation, visualisation, and integrated discovery. Genome
Biol. 2003;4(5):3. doi: 10.1186/gb-2003-4-5-p3.

Dai Zhehao, Tang H, Pan Y, Chen J, Yongping Li, Zhu J. Gene expression
profiles and pathway enrichment analysis of human osteosarcoma cells
exposed to sorafenib. FEBS Open Bio. 2018 The Authors. Published by
FEBS Press and John Wiley and Sons Ltd doi: 10.1002/2211-5463;8(5)
(2018):860-7. doi: 10.1002/2211-5463.12428.

Gene Ontology Consortium. The Gene Ontology (GO) project in 2006.
Nucleic Acids Res. 2006;34(Database issue):D322-6. doi: 10.1093/nar/
gkjo21, PMID 16381878.

Kanehisa M, Goto S. KEGG: kyotoencyclopaedia of genes and genomes.
Nucleic Acids Res. 2000 28, 27 —30:17.

https:. Available from: string-db.org.

33.

34.

35.

36.

Shetty S, Gokul S. Keratinization and its disorders. Oman Med J.
2012;27(5):348-57. doi: 10.5001/0mj.2012.90, PMID 23074543.

Komori T, Ono M, Hara ES, Ueda J, Nguyen HTT, Nguyen HT et al. Type IV
collagen a6 chain is a regulator of keratin 10 in keratinization of oral mucosal
epithelium | (2018) 8:2612 |. Sci Rep;8(1):2612. doi: 10.1038/s41598-018-
21000-0, PMID 29422532.

Calenic B, Greabu M, Caruntu C, Tanase C, Battino M. Oral keratinocyte
stem/progenitor cells: specific markers, molecular signalling pathways and
potential uses. Periodontol 2000. 2015;69(1):68-82. doi: 10.1111/prd.12097,
PMID 26252402.

Ide M, Kato T, Ogata K, Mochiki E, Kuwano H, Oyama T. Keratin 17
expression correlates with tumour progression and poor prognosis in gastric
adenocarcinoma. Ann Surg Oncol. 2012;19(11):3506-14. doi: 10.1245/
$10434-012-2437-9, PMID 22695933.

Cite this article: Sengupta S, Bhattacharya M. Different Types of Gene Expression Profiles and Pathway Enrichment Analysis
of Oral Dysplastic Keratinocyte Cells Caused by Heavy Smoking. Asian J Biol Life Sci. 2022;11(3):690-7.

Asian Journal of Biological and Life Sciences, Vol 11, Issue 3, Sep-Dec, 2022

697



