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Abstract. Tongue squamous cell carcinoma (TSCC) is one 
of the most common malignant tumor types in the oral and 
maxillofacial region. The etiology and pathogenesis behind 
TSCC is complicated. In the present study, three gene expres‑
sion profiles, namely GSE31056, GSE13601 and GSE78060, 
were downloaded from the Gene Expression Omnibus (GEO). 
The GEO2R online tool was utilized to identify differentially 
expressed genes (DEGs) between TSCC and normal tissue 
samples. Furthermore, a protein‑protein interaction  (PPI) 
network was constructed and hub genes were validated and 
analyzed. A total of 83 common DEGs were obtained in three 
datasets, including 48  upregulated and 35  downregulated 
genes. Pathway enrichment analysis indicated that DEGs 
were primarily enriched in cell adhesion, extracellular matrix 
(ECM) organization, and proteolysis. A total of 63 nodes 
and 218 edges were included in the PPI network. The top 
11 candidate hub genes were acquired, namely plasminogen 
activator urokinase (PLAU), signal transducer and activator 
of transcription 1, C‑X‑C motif chemokine ligand 12, matrix 
metallopeptidase (MMP) 13, secreted phosphoprotein  1 
(SPP1), periostin, MMP1, MMP3, fibronectin  1  (FN1), 
serpin family E member 1 and snail family transcriptional 
repressor 2. Overall, 83 DEGs and 11 hub genes were screened 
from TSCC and normal individuals using bioinformatics and 
microarray technology. These genes may be used as diagnostic 
and therapeutic biomarkers for TSCC. In addition, SPP1 and 
FNl were identified as potential biomarkers for the progression 
of TSCC.

Introduction

Tongue cancer is a common malignant tumor type of the 
oral and maxillofacial cavity  (1). The incidence of tongue 
carcinoma in males is higher than that of females and its most 
common histopathological feature is squamous cell carcinoma, 
usually located in the anterior two thirds of the tongue (2). 
Tongue adenocarcinoma is a rare distinct clinicopathological 
entity of tongue cancer and is mostly located in the root of 
the tongue (1). Furthermore, lymphatic epithelial cancer and 
undifferentiated carcinoma may sometimes occur in the root 
of the tongue (1). Tongue squamous cell carcinoma (TSCC) 
accounts for ~50‑60% of oral malignancies and 0.8‑2% of 
systemic malignancies  (3,4). TSCC is highly malignant, 
invasive and prone to lymph node metastasis (5). The etiology 
and pathogenesis of TSCC are complicated (6,7). Standard 
treatment for TSCC includes surgical resection; assisted posi‑
tive surgical margin and vein detection; lymphatic or nerve 
dissection; postoperative radiotherapy and chemotherapy (8). 
Although substantial progress has been made in the diagnosis 
and treatment, the 5‑year survival rate for patients with TSCC 
remains low due to an increased risk of recurrence and lymph 
node metastasis (9). Therefore, TSCC poses a serious threat to 
human health (10).

The etiology of TSCC is yet to be fully understood. 
However, several common environmental risk factors have 
been associated with TSCC, including heat, chronic damage, 
ultraviolet radiation, X‑rays and other radioactive carcinogenic 
substances (11,12). For example, tongue and buccal mucosa 
cancer may occur following chronic irritation in areas such 
as residual roots, sharp cusps and tooth prosthetics (13). In 
addition, neuropsychiatric, endocrine and genetic factors, as 
well as the immune system status have been implicated in the 
development of TSCC (14). Recently, an increasing number 
of studies have investigated the changes in gene expression 
associated with TSCC  (15‑17). The occurrence of TSCC 
has been associated with repeated damage, hyperemia and 
proliferation of tongue mucosa cells, which are caused by 
several factors (18). Furthermore, tongue cancer is triggered 
by a gradual increase in tongue mucosa cell metabolism, thus 
resulting in repeated DNA breaks and recombination (19). 
Recently, several studies have investigated the differentially 
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expressed genes (DEGs) in patients with TSCC, as well as their 
roles in various signaling pathways, molecular functions and 
biological processes, using bioinformatics analysis (20‑22). 
Usami et al (23) found that intercellular adhesion molecule 1 
plays an important role in the development of tongue cancer 
through promoting cancer cell proliferation, angiogenesis, 
lymphatic vessel density and adhesion of giant cells. In addi‑
tion, Zhang et al (24) demonstrated that galectin‑3 regulates 
the Wnt/β‑catenin signaling pathway and Akt phosphorylation 
in vitro, thereby mediating cancer cell migration and invasion, 
and resulting in tongue cancer progression. Wang et al (25) 
also showed that enhancer of zeste 2 polycomb repressive 
complex 2 subunit expression is associated with the neoplasm 
staging and its overexpression increases the risk of tongue 
cancer. Furthermore microarray expression datasets have 
been increasingly used to identify novel microRNA (miRNA) 
biomarkers with diagnostic and prognostic value in oral cancer 
and other types of cancer (20,26‑30).

TSCC is one of the most common types of head and neck 
malignant tumors and the most common cancer in the oral 
cavity  (31). Tongue cancer can be divided into two types 
according to the anatomic location of the tumor: Oral tongue 
cancer, which occurs in the anterior two thirds of the tongue; 
and tongue base cancer, which involves the posterior third of 
the tongue (15). The incidence of oral tongue carcinoma is 
higher than that of tongue base carcinoma (32). The majority 
of tongue cancers, and especially oral tongue carcinomas, are 
derived from moderately or highly differentiated squamous 
epithelial cells (33). However, adenocarcinomas, lymphatic 
epithelial cancer and undifferentiated carcinomas are relatively 
rare and are mostly derived from the base of the tongue (34). 
In addition, small salivary gland‑derived malignant tumors, 
such as adenoid cystic carcinoma have also been identified 
as a type of tongue cancer. Treatment strategies for tongue 
cancer include simple surgery; radiation therapy, including 
external irradiation and inter‑plant insertion brachytherapy; 
systemic chemotherapy; and targeted therapy (35,36). As a 
deeper understanding of the molecular pathways involved in 
tongue cancer has been achieved, the discovery of novel and 
promising targets for cancer treatment is increasing (37). As 
such, exploring the exact molecular mechanisms of action, 
as well as reliable therapeutic targets for TSCC has attracted 
wide attention (15). With the development of gene sequencing 
technology, a large number of DEGs have been identified in 
various tumor types (38,39). DEGs play several roles in the 
occurrence and development of various diseases, including 
transcriptional regulation, post‑transcriptional processing and 
regulation of protein expression. The present study hypoth‑
esized that DEGs could also play a key role in the development 
of TSCC and in its malignant progression, thus serving as 
molecular markers and therapeutic targets for TSCC.

Microarray technology allows the simultaneous analysis 
of changes in the expression levels of multiple genes to obtain 
gene sets that may be involved in TSCC (21). DEGs have been 
associated with the tumor grade and prognosis for patients 
with TSCC (40). The expression of key molecular markers 
may be used as independent prognostic factors; therefore, 
further in‑depth studies should be conducted to investigate 
the potential mechanisms of action behind abnormally 
expressed genes. These markers may affect the initiation and 

malignant progression of TSCC and may be used as therapeutic 
targets (41). Therefore, there is an urgent need to detect and 
analyze reliable target genes for TSCC.

Materials and methods

Microarray data. A total of three gene expression profiles, 
namely GSE31056, GSE13601 and GSE78060, were retrieved 
from the Gene Expression Omnibus (GEO; www.ncbi.nlm.nih.
gov/geo) dataset. The GSE31056 microarray data consisted of 
22 TSCC and 24 normal tissue samples. In addition, the mRNA 
expression profile of 31 patients with TSCC and 26 healthy 
individuals was obtained from GSE13601. Similarly, a total of 
27 TSCC and three normal tissue samples were available in 
the GSE78060 dataset.

Identification of DEGs. GEO2R, an online tool (https://www.
ncbi.nlm.nih.gov/geo/geo2r/), was utilized to identify DEGs 
from the GEO series between TSCC and normal tissues. 
Absent and duplicate probe sets were excluded. The cut‑off 
points were set to |log2FC|>1.5 and adjusted P<0.05. The fold 
change indicated expression in TSCC tissue samples/expres‑
sion in normal tissue samples. Subsequently, DEGs were 
visualized using volcano plots and heatmaps using R software 
(version 3.5.3; The R Foundation) and Functional Enrichment 
analysis tool (Funrich; version 3.1.3; http://funrich.org/index.
html; FunRich Co. Ltd.). A Venn diagram intersected all three 
datasets was constructed to acquire the common DEGs.

Functional enrichment analysis of DEGs. The Database for 
Annotation, Visualization and Integrated Discovery (DAVID; 
version 6.8; https://david.ncifcrf.gov/; DAVID Bioinformatics 
Forum), an open online platform, was utilized to elucidate the 
potential biological meaning of DEGs using Gene Ontology 
(GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway enrichment analyses. GO analysis of DEGs 
was carried out from three main aspects of biological infor‑
mation, namely biological process (BP), molecular function 
(MF) and cellular component (CC). P<0.05 was considered to 
indicate a statistically significant difference. Subsequently, the 
results were visualized using the ggplot package of R software 
(version 3.5.3; The R Foundation).

Construction of the protein‑protein interaction (PPI) network 
and module analysis. The PPI network was constructed 
using the Search Tool for the Retrieval of Interacting Genes 
database (STRING; https://string‑db.org) and was visualized 
using the Cytoscape software (version 3.7.1; https://cytoscape.
org/what_is_cytoscape.html). Molecular Complex Detection 
within the Cytoscape software (version 3.7.1, https://cytoscape.
org/what_is_cytoscape.html) was then applied to screen 
significant modules in the PPI network. The criteria default 
parameters were as follows: Degree cut‑off=10, k‑core=2, 
node score cut‑off=0.2 and max. depth=100. Subsequently, 
the cBioportal database (www.cbioportal.org), an online tool 
integrating the International Cancer Genome Consortium 
(icgc.org), the Cancer Genome Atlas (portal.gdc.cancer.gov) 
and other cancer genome databases, was utilized to construct 
the co‑expression network of hub genes in the module. Finally, 
the results of the biological process analysis and co‑expression 
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network of hub genes were visualized using the BiNGO 
tool in Cytoscape software (version 3.7.1, https://cytoscape.
org/what_is_cytoscape.html).

Validation and analysis of hub genes. Published microarray 
data were retrieved from the Oncomine database (http://www.
oncomine.org) to validate the expression levels of hub genes 
in TSCC tissues. Subsequently, survival curves were drawn 
to evaluate the prognostic significance of hub genes using the 
Kaplan‑Meier plotter database (http://kmplot.com/analysis/). 
Finally, the Gene Expression Profiling Interactive Analysis 

database was used to assess the differential expression of several 
hub genes in each TNM stage (42). Independent‑samples T test 
was applied to identify statistical differences.

Prediction and enrichment analysis of miRNAs related to 
hub genes. Targetscan (www.targetscan.org), an online data‑
base that predicts potential interactions between genes and 
miRNAs, was used to predict miRNAs associated with hub 
genes. Subsequently, enrichment analysis of the predicted 
miRNAs was performed with the DNA Intelligent Analysis 
(DIANA)‑miRPath software (version 3.0; http://diana.imis.

Figure 1. Volcano plots and a Venn diagram of DEGs in tongue squamous cell carcinoma samples. DEGs were selected with |log2FC|>1.5 and adj. P<0.05 
among the mRNA expression profiling sets, (A) GSE13601, (B) GSE31056 and (C) GSE78060. (D) The 3 datasets showed an overlap of 83 genes. DEG, differ‑
entially expressed gene.

Table I. Summary of tongue squamous cell carcinoma microarray datasets.

Series	 Platform	 GeneChip	 Samples

GSE31056	 GPL10526	 Affymetrix Human Genome U133 Plus 2 Array	 96
GSE13601	 GPL8300	 Affymetrix Human Genome U95 Version 2 Array	 58
GSE78060	 GPL570	 Affymetrix Human Genome U133 Plus 2 Array	 30
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Table II. Screening of differentially expressed genes in oral squamous cell carcinoma samples.

DEGs	 List of gene symbols

Upregulated DEGs	 MMP1, TYMP, MMP10, KRT16, MMP13, SPP1, MMP3, LAMC2, IFI27, PTHLH, RBP1, ISG15, 
	 MMP12, TNC, TGFBI, CXCL11, FSCN1, MYO1B, SERPINE1, STAT1, CDH3, ITGA6, POSTN, 
	 SNAI2, PLAU, LAMA3, FAP, XAF1, DUSP14, APOL1, COL5A2, RSAD2, TP63, MYO10, F2RL1, 
	 PTK7, ACTN1, LAMB3, EXT1, IFIT3, FN1, IGFBP3, ITGA3, DFNA5, IFI44, COL4A1, LOXL2, 
	 MICAL2
Downregulated DEGs	 PDPN, RECK, DPT, CFD, IFI6, MEOX2, CXCL12, ABCA6, NR3C2, ITM2A, BEX4, PBX1, GDF10, 
	 CBX7, MYRIP, LIFR, CLU, SLITRK5, LPIN1, GPRASP1, KAT2B, CDO1, GATM, GPC3, SORBS2, 
	 FRZB, METTL7A, CILP, RNASE4, DLK1, CRISP3, MFAP4, ALDH1A1, SELENBP1, ADH1B

DEG, differentially expressed genes.

Figure 2. Heatmaps of the DEGs identified between tongue squamous cell carcinoma tissues and normal samples. DEGs identified from the (A) GSE78060 
(B) GSE31056 and (C) DEGs GSE13601 databases. DEG, differentially expressed gene.
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athena‑innovation.gr/DianaTools/index.php?r=mirpath/index; 
DIANA LAB, University of Thessaly), a handy online tool for 
enrichment analysis.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) assay. A total of eight individuals were recruited, 
including four healthy controls and four patients with TSCC. 
Following surgery, four TSCC tissue samples from four 
patients with TSCC and four para‑carcinoma tissues were 
obtained. The research conformed to the standards set by the 
Declaration of Helsinki and was authorized by the Human 
Ethics and Research Ethics Committees of the Fourth Hospital 
of the Hebei Medical University. Written informed consents 
were obtained from all participants.

Total RNA was extracted from the tissue samples using 
the TRIzol® (Beijing Biolab Technology Co., Ltd.) and reverse 
transcribed into cDNA with the Servicebio®RT First Strand 
cDNA Synthesis kit (cat.  no.  G3330; Wuhan Servicebio 
Biotechnology Co., Ltd.) for 60 min at 42˚C. Terminate the 
reaction by heating at 70˚C for 5 min. RT‑qPCR was performed 
in a Light Cycler® 4800 System (Roche Diagnostics) with a 
specific set of primers for the amplification of secreted phos‑
phoprotein 1 (SPP1) and fibronectin 1 (FN1) genes. Primers 
used were as follows: SPP1 forward, 5'‑CTA​AAC​CCT​GAC​
CCA​TCT‑3', reverse,  5'‑CAA​TGC​CTT​CTT​TCA​TCT‑3'; 
GAPDH forward, 5'‑ATC​CGA​TTA​CCG​ATA​CCT​AGA​CC‑3', 
reverse, 5'‑ATG​GAC​TAT​ATC​CGA​CGA​CGA‑3'; and FN1 
forward, 5'‑CCA​ACT​ACC​AGT​AGC​GAA​AA ‑3', reverse, 

Figure 3. Enrichment analysis of DEGs in tongue squamous cell carcinoma. Enrichment analyses of the (A) biological process, (B) cellular component, 
(C) molecular function and (D) KEGG pathway of the DEGs. DEG, differentially expressed gene; ECM, extracellular matrix.
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5'‑GCA​GGG​AAA​GGA​AAG​AAA‑3'. The thermocycling 
conditions used were as follows: 95˚C for 15 sec followed by 
30 cycles of 60˚C for 60 sec. The relative quantification units 
(relative quantification=2‑ΔΔCq, where Cq represents quantifi‑
cation cycle values) of each sample were calculated (43) and 
presented as fold change of gene expression relative to the 
control group. GAPDH was used as an endogenous control.

Statistics. The data was expressed as percentage of the total 
and the mean ± SD. When two groups were compared, the 
paired Student's t‑test were used to determine statistical 
significance. For the stage analysis, one‑way ANOVA was 
used to compare DEG expression levels, using the pathological 
stage as a variable for calculating differential expression. All 
statistical analyses were conducted using SPSS software, 
version 23.0 (IBM Corp.). A P‑value <0.05 was considered 
statistically significant.

Results

Identification of DEGs in TSCC. A total of 1,147, 731 and 
1,356 DEGs were obtained from the GSE31056, GSE13601 
and GSE78060 datasets, respectively. All datasets were 
downloaded from the GEO database (Table  I). Identified 
DEGs were visualized using volcano plots and heatmaps 
(Figs. 1A‑C and 2). DEGs were selected with |log2FC|>1.5 and 
adj. P‑value <0.05 among the mRNA expression profiling sets 
in GSE13601 (Fig. 1A), GSE31056 (Fig. 1B), and GSE78060 
(Fig. 1C). The Venn diagram demonstrated that 83 common 

DEGs were obtained from the three datasets, including 
48 upregulated and 35 downregulated genes (Fig. 1D; Table II).

Enrichment analysis for DEGs. The enrichment analysis 
indicated that DEGs were mainly enriched in BPs associated 
with cell adhesion, ECM organization, ECM disassembly 
and proteolysis. With respect to CC, DEGs were primarily 
enriched in the extracellular space, extracellular region, 
extracellular exosome and ECM. DEGs were mainly associ‑
ated with integrin binding, serine‑type endopeptidase activity 
and metalloendopeptidase activity in the MF category. 
KEGG pathway enrichment analysis found that DEGs were 
remarkably enriched in the PI3K‑Akt signaling pathway, focal 
adhesion and ECM‑receptor interaction (Fig. 3).

PPI network construction and module analysis. To further 
understand the association among DEGs, a PPI interaction 
network was conducted, including 63 nodes and 218 edges 
(Fig. 4A). Subsequently, the most significant module in the 
PPI network was selected. The top 11 candidate hub genes 
were also selected, namely plasminogen activator urokinase 
(PLAU), signal transducer and activator of transcription 1 
(STAT1), C‑X‑C motif chemokine ligand 12 (CXCL12), matrix 
metallopeptidase (MMP) 13, SPP1, periostin, MMP1, MMP3, 
FN1, serpin family E member 1 (SERPINE1) and snail family 
transcriptional repressor 2 (SNAI2). The most significant 
module was obtained from PPI network of DEGs (Fig. 4B).

Hub genes and their co‑expression genes were analyzed 
using cBioPortal. Nodes with bold black outline represent hub 
genes. Nodes with thin black outline represent the co‑expres‑
sion genes. Subsequently, the co‑expression network of the 
11 hub genes was constructed using the cBioportal online 

Figure 4. PPI network and hub genes in tongue squamous cell carcinoma. 
(A) The PPI network of DEGs contained 63 nodes and 218 edges. The depth 
of color and the size of node represents its significance. The brighter the color 
and the larger the diameter, the more significant the node is. (B) The most 
significant module was obtained from PPI network of DEGs. DEG, differen‑
tially expressed gene; PPI, protein‑protein interaction.

Figure 5. Hub genes and their co‑expression genes were analyzed using cBio‑
Portal. Nodes with bold black outline represent hub genes. Nodes with thin 
black outline represent the co‑expression genes. The green arrows indicate 
the strongest correlations between nodes, the blue arrows the second and the 
brown lines the weakest.
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platform to reveal genes sharing common expression patterns 
with hub genes and to further study their associations (Fig. 5). 
The biological process analysis of hub genes was constructed 
using BiNGO. The color depth of nodes refers to the corrected 
P‑value of ontologies. The size of nodes refers to the numbers of 
genes that are involved in the ontologies. Finally, the potential 
biological characteristics of the co‑expression network were 
visualized (Fig. 6).

Validation and analysis of hub genes. Τo validate the 
differences in the expression levels of the hub genes, the 
Oncomine database was utilized. Heat map of DEGs identified 
from the Oncomine database. The color depth represents the 
significance of the difference. TSCC vs. normal. References 
are as follows: 1, Tongue squamous cell carcinoma vs. Normal. 
Estilo Head‑Neck, BMC Cancer, 2009; 2, Tongue squamous 
cell carcinoma vs. Normal. Kuriakose Head‑Neck, Cell Mol 
Life Sci, 2004; 3, Tongue squamous cell carcinoma vs. Normal. 
Talbot Lung, Cancer Res, 2005; 4, Tongue squamous cell 
carcinoma  vs.  Normal. Ye Head‑Neck. BMC Genomics, 
2008. (Fig. 7). Furthermore, the overall survival time expres‑
sion analysis of 11 hub genes was performed using the 
Kaplan‑Meier plotter database. The analysis results revealed 
that seven hub genes exhibited a remarkable association with 
survival time (Figs. 8 and 9). In patients with TSCC, increased 

expression levels of MMP1, MMP3, FN1, SERPINE1, SPP1, 
MMP13 and SNAI2 were associated with a worse overall 
survival rate. In addition, CXCL12, MMP3, FN1, SPP1 and 
STAT1 were found to be differentially expressed in the various 
tumor stages. The expression of CXCL12, FN1, MMP3, SPP1 
and STAT1 were significantly related with the tumor stage 
(P<0.05). However, the other hub genes were not significantly 
related with the tumor stage (P>0.05; Fig. 10).

Prediction and enrichment analysis of miRNAs related to hub 
genes. To further elucidate the mechanisms of action and regu‑
latory networks of the hub genes, miRNAs associated with 
hub genes were predicted (Table III). Enrichment analysis 
of the predicted miRNAs was subsequently performed. GO 
analysis indicated that miRNAs were significantly enriched 
in the toll‑like receptor (TLR)1:TLR2 signaling pathway, 
nucleic acid binding transcription factor activity and cellular 
protein modification process. Furthermore, KEGG pathway 
enrichment analysis revealed that pathways associated with 
the TGF‑β, Ras, prolactin and MAPK signaling pathways were 
the most enriched (Fig. 11).

Results of RT‑qPCR analysis. The expression levels of SPP1 and 
FN1 were further measured using RT‑qPCR. The results indi‑
cated that the relative expression levels of SPP1 and FN1 were 

Figure 6. The biological process analysis of hub genes was constructed using BiNGO. The color depth of nodes refers to the corrected P‑value of ontologies. 
Ontology refers to a semantic convention for a group of concepts discussed within a certain scope of knowledge. The size of nodes refers to the numbers of 
genes that are involved in the ontologies.
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significantly increased in the TSCC tissue samples compared 
with those in the control group (Fig. 12). This finding suggested 
that SPP1 and FN1 may be considered as biomarkers for TSCC.

Discussion

The results of the present study demonstrated that SPP1 and 
FN1 were highly expressed in TSCC compared with normal 

tissues. Furthermore, the SPP1 and FN1 expression levels were 
gradually elevated with the increase of TSCC pathological 
staging. Patients with high SPP1 and FN1 expression levels 
exhibited poorer overall survival compared with those with 
decreased ones.

SPP1, also known as osteopontin, is a widely expressed 
viscous glycoprotein with several biological activities, which 
is secreted by various cell types, including osteoclasts and T 
cells (44). SPP1 may be detected in normal tissues, body fluids 
and cells and is involved in various physiological processes, 
such as development, differentiation, inflammation and wound 
healing (45). It has been reported that increased expression of 
SPP1 plays an important role in the occurrence and metastasis 
of various malignant tumor types  (46). When tumor cells 
invade the ECM, SPP1 promotes the expression of MMPs in 
tumor cells through the NF‑κB‑dependent signal transduction 
pathway (47). Subsequently, MMPs degrade the cell base‑
ment membrane and ECM, resulting in tumor invasion and 
metastasis, as well as a poor prognosis for patients with cuta‑
neous melanoma (47,48). SPP1 is also overexpressed in lung 
adenocarcinomas and serves as an independent prognostic 
biomarker, especially for T1, T2 and N0 tumor stages (44). 
However, the predictive value of SPP1 in lung squamous cell 
carcinoma needs further investigation (49). In addition, SPP1 
is significantly upregulated in patients with colorectal cancer 
compared with healthy individuals (50). Therefore, it has been 
previously demonstrated that SPP1 promotes colorectal cancer 
metastasis by activating uncommon interstitial transformation, 
thus, SPP1 is considered as a potential therapeutic target for 
patients with colorectal cancer (51). Overexpression of SPP1 
may also be involved in the development of nasopharyngeal 
carcinoma (52,53), while a previous study has revealed that 
polymorphisms in the SPP1 gene are associated with other 
malignant tumor types such as gliomas and lung cancer (54). 
Zou et al (55) performed bioinformatics analysis to identify 
the key DEGs between oral squamous cell carcinoma (OSCC) 
and normal tissues. The analysis revealed that SPP1, integrin 
subunit α3 and PLAU could be the key candidate genes of 
OSCC (55). Furthermore, SPP1 was upregulated in OSCC, 
indicating that it could serve as an underlying predictor of 
OSCC (56). A previous study demonstrated that SPP1 was 
significantly associated with esophageal squamous cell carci‑
noma and could; therefore, be a potential target for therapy (57). 
Several studies have also suggested that SPP1 may be 
involved in the occurrence and development of OSCC (58‑61). 
These studies indicated that SPP1 may act as an underlying 
biomarker of TSCC, a subtype of OSCC. The present study 
provided direct evidence that SPP1 expression was associ‑
ated with TSCC. Therefore, the present data revealed that 
SPP1 was highly expressed in TSCC compared with normal 
tissues, while SPP1 and FN1 levels were gradually elevated 
with the increase in TSCC pathological staging. Compared 
with individuals exhibiting decreased SPP1 expression levels, 
upregulation of SPP1 and FN1 in patients with TSCC was 
associated with a poor overall survival rate. However, to 
the best of our knowledge, no studies have been performed 
to investigate the role of SPP1 in TSCC. The molecular and 
biological functions of SPP1 and its cancer‑promoting effects 
in other types of cancer (62), led to the hypothesis that SPP1 
also played an important role in the occurrence of TSCC. 

Figure 7. Heat map of DEGs identified from the Oncomine database. The 
color depth represents the significance of the difference. TSCC vs. normal. 
MMP1, matrix metallopeptidase 1; MMP3, matrix metallopeptidase 3; 
POSTN, periostin; FN1, fibronectin 1; SERPINE1, serpin family E member 1; 
SPP1, secreted phosphoprotein 1; IGFBP3, insulin like growth factor binding 
protein 3; CXCL12, C‑X‑C motif chemokine ligand 12; STAT1, signal trans‑
ducer and activator of transcription 1; MMP13, matrix metallopeptidase 13; 
SNAI2, snail family transcriptional repressor 2.
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Therefore, the clinical detection of SPP1 may be used as a 
diagnostic biomarker for TSCC.

FN1 is composed of a variety of homologous repeating units 
and participates in cell movement, growth and differentiation 
as well as matrix formation, while it also plays an important 
role in the mechanisms behind cell adhesion (63,64). It has 
been reported that FN1 affects cell migration by mediating 
cell‑to‑cell and cell matrix adhesion (65). Overexpression 
of FN1 promotes adhesion and aggregation of tumor cells 
by affecting the movement, differentiation and growth of 
tumor cells  (66). Furthermore, FN1 inhibits migration of 
tumor cells and triggers tumor metastasis through mediating 
intercellular and cell matrix adhesion  (67). In addition, 
FN1, serves as a ligand for 12  members of the integrin 
receptor family, an important family of ECM‑associated 

adhesion receptors (68). Morita et al (69) demonstrated that 
FN1 overexpression accelerates the progress and lymph 
node metastasis of OSCC through promoting the expres‑
sion of vascular endothelial growth factor‑C. A number 
of previous studies have provided insights into the role of 
FN1 as a novel biomarker for OSCC  (70‑72), indicating 
that FN1 may also be used as an underlying biomarker of 
TSCC. This hypothesis was further verified in the present 
study. FN1 affects the fourth stage of local invasion and 
spread of tumors, namely the migration of tumor cells (67). 
Tumor cells migrate through the basement membrane with 
an amoeboid form of movement, following the binding of 
the integrin transmembrane receptor to FN1 (73). FN1 also 
participates in matrix remodeling and affects cell movement 
by regulating actin aggregation (74). Therefore, investigating 

Figure 8. Overall survival analysis of the 4 hub genes, MMP1, MMP3, FN1, and SERPINE1. The high position line represented gene expression level above 
the median, and the low position line represented gene expression level below the median. MMP, matrix metallopeptidase; FN, fibronectin; SERPINE, serpin 
family E member; HR, hazard ratio.
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Figure 9. Overall survival analysis of the 3 hub genes, SPP1, MMP13, and SNAI2. The high position line represented gene expression level above the median, 
and the low position line represented gene expression level below the median. SPP, secreted phosphoprotein; MMP, matrix metallopeptidase; SNAI, snail 
family transcriptional repressor; HR, hazard ratio.

Table III. The potential microRNAs associated with the hub genes.

Gene	 Predicted microRNAs

MMP1	 hsa‑miR‑558, hsa‑miR‑202‑3p and hsa‑miR‑520g‑5p
MMP3	 hsa‑miR‑365b‑3p, hsa‑miR‑365a‑3p and hsa‑miR‑550b‑2‑5p
POSTN	 hsa‑miR‑19b‑3p, hsa‑miR‑19a‑3p and hsa‑miR‑5590‑3p
FN1	 hsa‑miR‑613, hsa‑miR‑1271‑5p and hsa‑miR‑96‑5p
SERPINE1	 hsa‑miR‑6088, hsa‑miR‑148b‑3p and hsa‑miR‑152‑3p
SPP1	 hsa‑miR‑181c‑5p, hsa‑miR‑181a‑5p and hsa‑miR‑181d‑5p
IGFBP3	 hsa‑miR‑19a‑3p, hsa‑miR‑19b‑3p and hsa‑miR‑212‑5p
CXCL12	 hsa‑miR‑137, hsa‑miR‑135a‑5p and hsa‑miR‑135b‑5p
STAT1	 hsa‑miR‑216a‑3p, hsa‑miR‑3681‑3p and hsa‑miR‑128‑3p
MMP13	 hsa‑miR‑27a‑3p, hsa‑miR‑27b‑3p and hsa‑miR‑1267
SNAI2	 hsa‑miR‑124‑3p.1, hsa‑miR‑206 and hsa‑miR‑1‑3p

CXCL, C‑X‑C motif chemokine ligand; FN, fibronectin; IGFBP, insulin like growth factor binding protein; miR, microRNA; MMP, 
matrix metallpeptidase; POSTN, periostin; SERPINE, serpin family E member; SNAI, snail family transcriptional repressor; SPP, secreted 
phosphoprotein.
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Figure 10. Hub genes expressed differentially in each tumor stage. The expression of CXCL12, FN1, MMP3, SPP1 and STAT1 were significantly different in 
different tumor stages. However, MMP1, MMP13, PLAU, POSTN, SERPINE1 and SNAI2 were not significantly related with the tumor stage (P>0.05). CXCL, 
C‑X‑C motif chemokine ligand; FN, fibronectin; MMP, matrix metallopeptidase; PLAU, plasminogen activator urokinase; POSTN, periostin; SERPINE, 
serpin family E member; SNAI, snail family transcriptional repressor; SPP, secreted phosphoprotein; STAT, signal transducer and activator of transcription.

Figure 11. GO and KEGG enrichment analysis of predicted miRNAs associated to hub genes. The larger the diameter of the circle, the more genes were 
enriched in that item. The redder the circle, the smaller the P‑value. TLR, toll‑like receptor; TRK, tyrosine kinase.
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the interactions and mechanisms through which FN1 func‑
tions may improve the understanding of its role in TSCC, 
provide novel approaches for investigating its underlying 
mechanisms of action and develop more effective treatments. 
Studying the molecular mechanism of action of FN1 behind 
the occurrence and progression of TSCC may further the 
current understanding of the potential targeting of FN1 for 
the treatment of TSCC (70).

It should be noted that the present study has some limi‑
tations. Firstly, this was an observational study based on the 
bioinformatics analysis of 11 key genes. Therefore, the results 
of the present study provided novel clues that could be used for 
subsequent, in‑depth studies investigating the developmental 
mechanisms of action behind TSCC. In addition, future 
studies involving more samples should be conducted to verify 
the results of the present study.

In conclusion, a total of 83 DEGs and 11 hub genes, espe‑
cially SPP1 and FN1, were obtained from the bioinformatics and 
microarray assays between TSCC and normal tissues. These 
genes could be used as diagnostic and therapeutic biomarkers 
for TSCC. Furthermore, SPP1 and FN1 may be associated with 
the occurrence, lymph node metastasis and malignant progres‑
sion of TSCC. Therefore, both molecules were considered as 
potential biomarkers for monitoring TSCC progression.
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