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Background: Tongue squamous cell carcinoma (TSCC) is a major type of oral cancers and has remained an intractable can-
cer over the past decades. The aim of this study was to identify differentially expressed genes (DEGs) during
TSCC and reveal their potential mechanisms.

Material/Methods: The gene expression profiles of GSE13601 were downloaded from the GEO database. The GSE13601 datas-
et contains 57 samples, including 31 tongue SCC samples and 26 matched normal mucosa samples. Gene on-
tology (GO) and Kyoto Encyclopedia of Genes and Genomes pathway (KEGG) enrichment analyses were per-
formed; Cytoscape software was used for the protein-protein interaction (PPI) network and module analysis of
the DEGs.

Results: We identified a total of 1,050 upregulated DEGs (uDEGs) and 702 downregulated DEGs (dDEGs) of TSCC. The
GO analysis results showed that uDEGs were significantly enriched in the following biological processes (BP):
signal transduction, positive or negative regulation of cell proliferation, and negative regulation of cell prolif-
eration. The dDEGs were significantly enriched in the following biological processes: signal transduction, cell
adhesion, and apoptotic process. The KEGG pathway analysis showed that uDEGs were enriched in metabolic
pathways, pathways in cancer, and PI3K-Akt signaling pathway, while the dDEGs were enriched in focal adhe-
sion and ECM-receptor interaction. The top centrality hub genes RAC1, APP, EGFR, KNG1, AGT, and HRAS were
identified from the PPI network. Module analysis revealed that TSCC was associated with significant pathways,
including neuroactive ligand-receptor interaction, calcium signaling pathway, and chemokine signaling pathway.

Conclusions: The present study identified key genes and signal pathways, which deepen our understanding of the molecu-
lar mechanisms of carcinogenesis and development of the disease, and might be used as diagnostic and ther-
apeutic molecular biomarkers for TSCC.
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Background

Oral cancer is one of the most prevalent malignancies around
the world, with an estimated 300,000 new cases and 130,000
deaths every year worldwide [1]. Tongue squamous cell carci-
noma (TSCC) is a major type of oral cancer, which is character-
ized by remarkably aggressive biological behavior with a high
incidence of lymph node and distant metastasis [2]. Although,
the 5-year survival rate is reported to be up to 50% with early
detection, most patients are diagnosed at a late stage, lead-
ing to poorer prognosis [3] and resulting in complications such
as the malfunction of mastication, speech, and deglutition, or
death. Despite advances in surgical procedures and chemo-ra-
diotherapy, as well as the advent of targeted therapy, clinical
outcomes have remained unchanged for decades [4]. Therefore,
it is of primary importance to identify the etiological factors,
molecular mechanisms, and pathways of carcinogenesis to
discover novel diagnostic and treatment strategies for TSCC.

The molecular pathogenesis of carcinogenesis may be a combi-
nation of somatic mutations [5], and epigenetic and transcrip-
tional alterations. Aberrant genetic alterations in gene expres-
sion may lead to the malignant transformation of TSCC. With
advances of sequencing and high-throughput DNA microarray
analyses, numerous gene alterations manifesting differentially
expressed genes (DEGs) have been demonstrated to be corre-
lated with the genesis and progression of tumors [6]. For ex-
ample, Nadia et al. [7] found a significant association between
methylenetetrahydrofolate reductase (MTHFR) gene polymor-
phisms and p16 and O6-methylguanine-DNA methyltransfer-
ase (MGMT) gene promoter methylation in oral squamous cell
cancer (OSCC) patients, which suggests that hypermethylation
of cancer-related genes may be affected by MTHFR polymor-
phisms. Metastasis-associated lung adenocarcinoma transcript
1 (MALAT1), a long non-coding RNA (IncRNA), may play an onco-
genic role by increasing proliferation and metastasis of tongue
cancer via miR-124-dependent jagged1 (JAG1) regulation [8].
Obvious genetic genes changes, including loss of TRAF3 and
amplification of E2F1 (a cell cycle gene), have been found in
head and neck squamous carcinoma [5]. Chaisaingmongkol
et al. [9] found that NEIL1 (Nei endo-nuclease VliI-like 1 gene)
promoter hypermethylation might have a function in medi-
ating the response to treatment of head and neck squamous
cell carcinoma (HNSCC). Also, various signaling pathways have
been shown to be important, such as loss-of-function altera-
tions of the WNT pathway [5]; in addition, the COX-2 (cyclo-
oxygenase-2) signaling pathway has been shown to be closely
related to tumor angiogenesis [10] in TSCC. Moreover, the im-
portance of inflammation in carcinogenesis of TSCC has been
proven [11]; and Giovanni et al. [12] found that transgluta-
minase 2 (TG2) played a key role in periodontal inflammatory
disease through the nuclear factor-kappa B (NF-xB) pathway.
Therefore, identifying DEGs and elucidating the interactions
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network among them, and the signal pathways, is essential
for TSCC. Novel therapeutic biomarkers are needed for TSCC
for predictive and curative purposes.

In the present study, the DEGs of TSCC and normal tissue sam-
ples were analyzed to achieve a better understanding of TSCC.
GO and KEGG enrichment analyses of DEGs were applied, and
the protein-protein interaction (PPI) network and module of
these DEGs was also constructed. The aim of this study was
to identify key genes and pathways in TSCC using bioinfor-
matics analysis, and then to explore the intrinsic mechanisms
of TSCC and distinguish novel potential diagnostic therapeu-
tic biomarkers of TSCC. We anticipated that these studies will
provide further insight of TSCC pathogenesis and development
at the molecular level.

Material and Methods

Datasets

The Gene Expression Omnibus (GEO, http://www.ncbi.nlm.nih.
gov/geo) is a public functional genomics data repository includ-
ing array- and sequence-based data, and is freely available for
users. The gene expression profiles of GSE13601 were obtained
from the GEO database. GSE13601, which was based on the
GPL8300 platform [HG_U95Av2] Affymetrix Human Genome
U95 Version 2 Array, was submitted by Estilo et al. [13]. The
GSE13601 dataset has 57 samples, including 31 TSCC sam-
ples and 26 matched normal mucosa samples.

Data processing

GEO2R (http://www.ncbi.nlm.nih.gov/geo/geo2r/) is an online
tool where different groups of samples from the GEO series
can be compared so as to identify genes that are differential-
ly expressed across experimental conditions [14]. The analy-
sis of screening DEGs between TSCC and normal mucosa sam-
ples was carried out by GEO2R. The adjusted p values (adj. p)
were applied to correct the false positive results by default
Benjamini-Hochberg false discovery rate method. The adj.
p<0.01 and |log2FC|>1 were considered as the cutoff values.

Gene ontology (GO) and pathway enrichment analysis of
DEGs

The GO (http://www.geneontology.org) [15] database can
provide functional classification for genomic data, includ-
ing categories of biological processes (BP), cellular compo-
nent (CC), and molecular function (MF). GO analysis is a com-
mon genes and gene products annotating method. The Kyoto
Encyclopedia of Genes and Genomes (KEGG, http://www.ge-
nome.ad.jp/kegg/) [16] database is a knowledge base for
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systematic analysis, annotation, and visualization of gene func-
tions. The Database for Annotation, Visualization and Integrated
Discovery (DAVID, http://david.abcc.ncifcrf.gov/) [17] is an on-
line tool for gene functional classification, which is an essen-
tial foundation for high-throughput gene analysis to under-
stand the biological significance of genes. In the present study,
in order to analyze the functions of DEGs, GO enrichment and
KEGG pathway analysis were conducted using the DAVID on-
line tool; p<0.05 was set as the cutoff point.

Integration of protein-protein interaction (PPI) network
and module analysis

The Search Tool for the Retrieval of Interacting Genes (STRING,
http://string.embl.de/) [18] is a biological database designed to
predict protein-protein interaction (PPI) information. The DEGs
were mapped to STRING to evaluate the interactive relation-
ships, with a confidence score >0.9 defined as significant. Then,
we use Cytoscape [19], a biological graph visualization tool for
integrated models of biologic molecular interaction networks
software, to construct PPl networks. The Molecular Complex
Detection (MCODE) [20], a plugin for Cytoscape, was used to
screen the modules of the PPI network. The criteria were set
as follows: degree cutoff=2, node score cutoff=0.2, k-core=2
and maximum depth=100. Moreover, the function and pathway
enrichment analysis were performed for DEGs in the modules.

Analysis of key nodes in the PPI network

The key genes in the PPI network were investigated topolog-
ically. Three centrality methods including degree, closeness,
and subgraph centrality [21] were used to explore key genes
in the PPI network. The three centrality methods were calcu-
lated using the Cytoscape plugin: CytoNCA [22].

Results

Identification of DEGs

A total of 31 TSCC samples and 26 matched normal mucosa
samples were analyzed, the mean age was 57 years (36-97
years). Based on the GEO2R analysis, using the adj. p<0.01
and |log,FC|>1 criteria, a total of 1,752 DEGs were identified,
consisting of 1,050 upregulated DEGs (uDEGs) and 702 down-
regulated DEGs (dDEGs) in TSCC tissues compared with nor-
mal tissues.

GO term enrichment analysis
To acquire further understanding of the functions of identified

DEGs, all DEGs were uploaded to DAVID to identify significant
GO categories and KEGG pathways. GO analysis results showed
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that uDEGs were markedly enriched in BP, including signal
transduction, positive or negative regulation of cell prolifera-
tion, and negative regulation of cell proliferation (Table 1); the
dDEGs were enriched in signal transduction, cell adhesion, and
apoptotic process (Table 1). For MF, the uDEGs were enriched
in protein, ATP, and calcium ion binding; and the dDEGs were
enriched in protein, ATP, and poly (A) RNA binding (Table 1). In
addition, GO CC analysis showed that uDEGs were significantly
enriched in the plasma membrane, cytosol, and extracellular
exosome; and dDEGs were enriched in cytoplasm, nucleus,
and cytosol (Table 1).

KEGG pathway analysis

The most significantly enriched pathways of uDEGs and dDEGs
analyzed by KEGG analysis are shown in Table 2. The uDEGs
were enriched in metabolic pathways, pathways in cancer,
PI3K-Akt signaling pathway, calcium signaling pathway, and
MAPK signaling pathway, while the dDEGs were enriched in
pathways in cancer, PI3K-Akt signaling pathway, focal adhe-
sion, and ECM-receptor interaction.

PPI network construction and modules selection

The PPI network of DEGs consisted of 1,616 nodes and 5,866
edges constructed in the STRING database (version 10.5) and
visualized using Cytoscape software (Figure 1). Degree >10 was
set as the cutoff criterion. Based on the STRING database, the
DEGs with the highest PPl scores identified by the three cen-
trality methods are shown in Table 3. After repeated genes
were removed, the hub genes (shown in Figure 1, highlighted
in red and shaped in diamond) were obtained using the three
centrality methods, including RAC1 (ras-related C3 botulinum
toxin substrate 1), APP (amyloid beta precursor protein), EGFR
(epidermal growth factor receptor), KNG1 (kininogen 1), AGT
(angiotensinogen), and HRAS (HRas proto-oncogene, GTPase).
Among these genes, RAC1 showed the highest node degree,
which was 78. A significant module was constructed from the
PPI network of the DEGs using MCODE, including 43 nodes and
462 edges (Figure 2). Biological functional enrichment analysis
showed that genes in this module were markedly enriched in
signal transduction, single organism signaling, and cell com-
munication (Table 4). Neuroactive ligand-receptor interaction,
calcium signaling pathway, and chemokine signaling pathway
were enriched in the KEGG pathway analysis.

Discussion

Despite advances in current therapeutics, TSCC has remained
an intractable cancer over the past decades. Uncovering the
etiological and molecular mechanisms of TSCC is of vital im-
portance for therapy and prevention. Nowadays, with the rapid
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Table 1. Gene ontology analysis of differentially expressed genes associated with TSCC.

Gene

Expression Category Term/gene function count % P value
GOTERM_BP_DIRECT GO: 0007165~signal transduction 95 9.59 8.67E-05
GOTERM_BP_DIRECT frg;nog;?:;;msr:is‘f”repgr‘;l;t:t):r°f transcription 82 827  1.72E-04
GOTERM_BP_DIRECT froo;nogﬁﬂl ;{i;;ejzgﬁl r’ffour:f:t‘;? ElhosipLo 60 6.05 0.002

' corer M_BP_D I GO: 0008285-negative regulation of cell i ase Lsoros
proliferation
GOTERM_BP_DIRECT GO: 0007155~cell adhesion 45 4.54 2.35E-04
| GOTERM_CC_DIRECT GO: 0005886-plasma membrane 263 2654  671E05
| GOTERM_CC_DIRECT GO:0005829~cytosol 223 2250 889E05

Up-regulated

GOTERM_CC_DIRECT GO: 0070062~extracellular exosome 215 21.70 1.05E-09
| GOTERM_CC_DIRECT GO: 0005576~extracellular region - 141 1423 500610
| GOTERM_CC_DIRECT GO: 0005615-extracellular space - 134 1352 539613
| GOTERM_MF DIRECT GO:0005515-proteinbinding 372 3753 0004
| GOTERM_MF DIRECT GO:0005524-ATP binding - 106 1070 0003
| GOTERM_MF_DIRECT GO: 0005509~calcium fon binding 77 777 141808
| GOTERM_MF_DIRECT GO: 0042803~protein homodimerization activity 66 666  5.29E-05
GOTERM_MF_DIRECT S;:uiaizfp%;f;i”;mpgm ifs;tor activity, 64 6.46 0.003
- GOTERM_BP_DIRECT GO: 0007165-signal transduction 83 1256 642608
| GOTERM_BP DIRECT GO:0007155~cell adhesion 57 862 190E-14
| GOTERM_BP_DIRECT GO: 0006915-apoptotic process 7 711 169606
| GOTERM 8P DRECT GO: 0008284~positive regulation of cell i 66 26607
proliferation
' corer N\_BP_DIRECT """"""" GO: 0008285-negative regulation of cell b e3s  aastos
proliferation
GOTERM_CC_DIRECT GO: 0005737~cytoplasm 273 41.30 3.74E-13
oown.  GOTERM.CCDRECT GO:0005634-nucleus 242 3661 376605
regulated GOTERM_CC_DIRECT GO: 0005829~cytosol 235 35.55 1.36E-26
| GOTERM_CC_DIRECT GO: 0070062-extracellular exosome 227 3434 935636
| GOTERM_CC_DIRECT GO: 0005886-plasma membrane 202 3056 295607
| GOTERM_MF DIRECT GO:0005515-proteinbinding 350 5295 177E20
| GOTERM_MF DIRECT GO:0005524-ATP binding 89 1346 373605
| GOTERM_MF_DIRECT GO: 0044822-poly(d) RNA binding 65 983 0001
| GOTERM_MF_DIRECT GO: 0005509~calcium ion binding 52 7867 202605
| GOTERM_MF_DIRECT GO: 0042802~identical protein binding 46 696 295605

BP — biological process; CC — cellular component; MF — molecular function; Count — numbers of DEGs; GO — gene ontology.
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Table 2. KEGG pathway analysis of differentially expressed genes associated with TSCC.

Expression Pathway ID Name Gene count P value

hsa01100 Metabolic pathways

Up-regulated

hsa05205 Proteoglycans in cancer 3.33E-06

hsa — Homo sapiens; KEGG — Kyoto Encyclopedia of Genes and Genomes.
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Figure 1. Protein-protein interaction network for products of DEGs. A total of 1616 nodes and 5866 interaction associations

were identified. The nodes with highest PPl scores were shaped as diamond in red.
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Table 3. The top 10 differentially expressed genes with higher scores, respectively, identified by the three centrality methods.

Subgraph Degree Closeness
APP 7.93E10 RAC1 78.0 RAC1 0.01866
"""""" KNGI 74710 AP 740 EGR 001864
""""""" AGT 720800 EGRR 590 HRAS 001863
"""""" RGSI9 4810 KNGl 580  BCL2 001861
"""""" GNAIL 36410 DKL 560 (D42 001860
@ 351610 AT 550 HFIA 001860
"""""" ADCYS 327610  HRAS 550  PRKCA 00180
"""""" ADCYL 30310  (DC42 550  CDKNIA 001859
a2 29710 abcys sa0 Mmpe 001859
"""""" GNA1S  274E00 GG 500  MAX 001858

Figure 2. Sub network screened from protein
PTGERT NTS\\i TRIO protein interaction network. Nodes
re-fer to the products of the differ-
entially expressed genes.

PENK
A
aXcan

“EDN3

/R ik

Table 4. GO and pathway analysis of genes in selected module.

Category Pathway ID Term/gene and function Count P-value
hsa4080 Neuroactive ligand-receptor interaction 16 2.83E-17

KEGG_PATHWAY hsad020 Calcium signaling pathway 12 LSE13
Chsad062 Chemokine signaling pathway 12 LSOE13
- 00007165 - Signal transduction 31 L74E10
GOTERM_BP_DIRECT | G00044700 Single organism signalng 29 340608
Go0007154 Cell communication 29 569E08
- 0000886 | Plasmamembrane 28 12007
GOTERM_CC_DIRECT G00071944 Cellperiphery 28 13807
G00044459 | Plasma membrane part 21 120607
D 00005515 | Protein binding 20 00176
GOTERM_MF_DIRECT  G00005102 | Receptor binding 19 739611
 Goo004871 Signal transducer activity 16 568606
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developing of DNA microarrays and high-throughput sequenc-
ing techniques, it is possible to research diseases, including
cancers, at the gene level. DNA microarray gene expression
profiling has been widely used to explore differentially ex-
pressed genes involved in tumor genesis, diagnosis, and ther-
apeutic approaches [23,24].

In this study, we extracted the data from GSE13601 and iden-
tified 1,050 uDEGs and 702 dDEGs between TSCC and normal
tissue samples using bioinformatics analysis. These uDEGs
were obviously enriched in metabolic pathways, pathways
in cancer, and the PI3K-Akt signaling pathway which are inti-
mately related to cancer. The dDEGs were predominantly en-
riched in pathways in cancer, the PI3K-Akt signaling pathway,
and focal adhesion.

The uDEGs were shown to be mostly involved in signal trans-
duction, positive or negative regulation of cell proliferation,
and negative regulation of cell proliferation, while dDEGs were
shown to be concerned with signal transduction, cell adhe-
sion, and the apoptotic process in the GO term analysis. This
conforms to the knowledge that signal transduction, regulat-
ing of cell proliferation, cell adhesion, and apoptotic process
are all important mechanisms of tumor genesis, development,
and progression [25-30]. Moreover, the enriched KEGG path-
ways of uDEGs included metabolic pathways, pathways in can-
cer, and the PI3K-Akt signaling pathway. Numbers of studies
have shown that metabolic pathways and the PI3K-Akt sig-
naling pathway play an important role in genesis and grow-
ing of squamous cell carcinoma of the oral tongue [31-35].
Zhang et al. [36] reported that by rewiring alternative metabol-
ic pathways, oral cancer cells may still survive when metabolic
enzymes were silenced by siRNAs. Downregulated DEGs were
also found to be involved in focal adhesion and ECM-receptor
interaction. Exceedingly abnormal expression of focal adhe-
sion kinase affected cellular proliferation and apoptosis [37],
served as a marker of cervical lymph node metastasis, and a
potential therapeutic target of TSCC [38]. Therefore, study-
ing these signaling pathways could assist in the prediction of
cancer progression.

The PPI network was constructed with DEGs and the top cen-
trality hub genes were obtained: RAC1, APP, EGFR, KNG1, AGT,
and HRAS. The genesis of tumor is an extremely complicated
process during which lots of genetic and epigenetic modifica-
tions of driving genes occur. RAC1 was identified as one of the
hub genes with the highest degree of connectivity. The protein
encoded by RAC1 is a GTPase belonging to the RAS superfami-
ly, members of which appear to be regulated widely in cellular
events, such as controlling the cell growth and the activation
of protein kinases. As an oncogene, RAC1 was associated with
various cancers, such as melanoma, colorectal cancer, breast
cancer, and glioma [39]. Increased expression and subcellular
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localization of RAC1 could lead to lower early response rate
and higher recurrences in head and neck squamous cell car-
cinomas (HNSCC), suggesting that it seems to be a potential
therapeutic target for HNSCC patients of chemo-radiothera-
py resistant [40]. Patel et al. [41] found that most HNSCC cells
showed an outstandingly high level of RAC1, and the EGFR/
Vav2/Racl axis was a critical pathway for the ability of inva-
sion and metastasis of most HNSCC cells. APP has been well
studied in the pathogenesis of Alzheimer disease. However,
little is known concerning the role of APP in carcinogenesis.
Gain-of-function studies have shown that APP overexpression
leads to increased cellular proliferation. Loss-of-function stud-
ies, either by APP knockdown or blockage of APP function by
antibody application, have demonstrated regression of carci-
noma growth in vitro and in vivo [42]. Recently, it was shown
that APP was upregulated in several cancer species, including
pancreatic [43], colon [44], melanoma [45], and prostate [46]
cancer and had growth-promoting features. APP expression
was found to be involved in the carcinogenesis and prolifer-
ation of oral SCC cells, and could serve as a marker indicat-
ing oral cancer genesis [47]. EGFR is a protein located on the
cell surface binding to epidermal growth factor [48]. When a
ligand binds to EGFR, the receptor will dimerize and tyrosine
will autophosphorylate, leading to cell proliferation. EGFR was
overexpressed in about 30% of human epithelial tumors [49],
including HNSCCs [48]. Ansell et al. found that the amount of
EGF had a determinant function in cell proliferation and the
response to treatment of cetuximab in tongue cancer, so EGF
was a potential predictive biomarker of poor cetuximab re-
sponse and a possible target of treatment [50]. EGFR copy
number alteration, rather than overexpression, was a better
prognostic indicator in TSCC [51]. Thus, EGFR was particular-
ly important in the pathogenesis of TSCC. There is more and
more evidence demonstrating a role for KNG1 in carcinogen-
esis [52]. Liu et al. [53] showed that KNG1 seemed to have a
function of anti-angiogenesis and blocked the proliferation of
endothelial cells. In addition, lower expression of KNG1 was
detected in the serum of cancer patients, which was associ-
ated with cancer cells survival [54]. Furthermore, KNG1 was
shown to be a potential serum predictor of advanced colorec-
tal adenoma and cancer [55]. AGT, encoding angiotensinogen,
has been shown to be a suppressor of tumor progression and
metastasis. Overexpression of human AGT decreased angio-
genesis and prohibited remodeling and neovascularization of
tumor cells, thus delayed tumor advancement in vivo [24,56].
Bouquet et al. [57] demonstrated that AGT had a very power-
ful antiangiogenic function in vivo, independent of angioten-
sin Il generation, representing a promising novel strategy to in-
hibit growth and metastasis of primary tumors. HRAS belongs
to the Ras oncogene family; obvious mutations of the HRAS
gene were found in oral cancer, suggesting that RAS may af-
fect the tumorigenesis process [58]. There was another inter-
esting finding: activated HRAS mutations could overcome the
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resistance to erlotinib in an HNSCC cell line with HRAS mu-
tation [59]. In summary, the top centrality hub genes (RAC1,
APP, EGFR, KNG1, AGT, and HRAS) obtained from the PPI net-
work are all deeply involved in cancer genesis or progression
process, which suggesting that these hub genes may serve as
prognostic biomarkers or therapeutic targets for this disease.

Module analysis of the PPl network showed that TSCC was
associated with neuroactive ligand-receptor interaction, cal-
cium signaling pathway, and chemokine signaling pathway.
Neuroactive ligand-receptor interaction has been shown to be
involved in various kinds of cancers such as renal cell carcino-
ma [60], breast cancer [61], bladder cancer [62], and lung ade-
nocarcinoma [63] when using pathways and gene interaction
networks analysis. Moreover, the intracellular calcium overload
could initiate mitochondrial-dependent apoptosis [64], which
is the most frequent strategy for inhibiting cancer cell prolif-
eration. Accumulating evidence has shown that chemokines
are involved in tumor growth and metastasis. Abnormal func-
tion of chemokines in cancer promotes cell survival, facilitated
proliferation, angiogenesis, and metastasis in multiple types
of tumors. Furthermore, it is believed that chronic inflamma-
tory conditions facilitate oral carcinogenesis, and functions
of cytokine-dependent and chemokine-dependent immuno-
regulatory pathways are apparent in oral carcinoma [3]. Thus,
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neuroactive ligand-receptor interaction and calcium and che-
mokine signaling pathways represent promising candidates
for therapeutic intervention in TSCC patients.

Conclusions

The present study provided an extensive bioinformatics anal-
ysis of DEGs and revealed a series of targets and pathways,
which may affect the carcinogenesis and progression of
TSCC, for future investigation. These findings add to signif-
icant insights into the diagnosis and treatment of this dis-
ease. However, the absence of experimental validation was a
limitation to our study conclusions. Therefore, further exper-
imental studies, with larger sample sizes, are required to val-
idate these findings.
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