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Construction of the miRNA-mRNA regulatory network and analysis of hub genes 
in oral squamous cell carcinoma

Zifeng Cuia, Qiwen Songb, Yanping Chena, Kaicheng Yanga

Background. Oral squamous cell carcinoma (OSCC) severely affects the quality of life and the 5-year survival rate is 
low. Exploring the potential miRNA-mRNA regulatory network and analyzing hub genes and clinical data can provide 
a theoretical basis for further elucidating the pathogenesis of OSCC.
Methods. The miRNA expression datasets of GSE113956 and GSE124566 and mRNA expression datasets of GSE31056, 
GSE37991 and GSE13601 were obtained from the Gene Expression Omnibus databases. The differentially expressed 
miRNAs (DEMs) and mRNAs (DEGs) were screened using GEO2R. Gene ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) enrichment analyses were performed by DAVID database. The PPI network was established 
through STRING database and the hub genes were preliminarily screened out by Cytoscape software. After identifying 
the hub genes in the TCGA database, we predicted the potential DEM transcription factors, constructed a miRNA-mRNA 
regulatory network, and analyzed the relationship between the hub genes and clinical data.
Results. A total of 28 DEMs and 764 DEGs were screened out, which were composed of 285 up-regulated genes and 479 
down-regulated genes. Enrichment analysis showed that up-regulation of DEGs were mainly enriched in extracellular 
matrix organization and cancer-related pathway, while down-regulation of DEGs were mainly enriched in muscular 
system process and adrenaline signal transduction. After preliminary screening by PPI network and identification in 
TCGA, the up-regulated FN1, COL1A1, COL1A2, AURKA, CCNB1, CCNA2, SPP1, CDC6, and down-regulated ACTN2, 
TTN, IGF1, CAV3, MYL2, DMD, LDB3, CSRP3, ACTA1, PPARG were identified as hub genes. The miRNA-mRNA regulation 
network showed that hsa-miR-513b was the DEM with the most regulation, and COL1A1 was the DEG with the most 
regulation. In addition, CDC6, AURKA, CCNB1 and CCNA2 were related to overall survival and tumor differentiation.
Conclusions. The regulatory relationship of hsa-miR-513b/ CDC6, CCNB1, CCNA2 and the regulatory relationship of 
hsa-miR-342-5p /AURKA were not only verified in the miRNA-mRNA regulatory network but also related to overall 
survival and tumor differentiation. These results indicated that they participated in the cellular regulatory process, and 
provided a molecular mechanism model for the study of pathogenesis.
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INTRODUCTION

Oral cancer ranks sixth among the most common can-
cers in the world1. Oral squamous cell carcinoma (OSCC) 
accounts for about 90% (ref.2), and it has the most serious 
impact on the quality of life. Previous studies have shown 
that long-term adverse stimulus factors such as tobacco, 
alcohol and betel nut are the causes of OSCC (ref.3). 
Although various treatment methods such as radiothera-
py, chemotherapy, surgery or targeted therapy have been 
continuously developed in recent years, the prognosis of 
OSCC patients has not improved as expected in the past 
few years. Neck lymph node metastasis or high recurrence 
rate causes the 5-year survival rate of OSCC patients to be 
only 40%–50% (ref.4). Therefore, it is necessary to further 
explore the underlying pathogenesis of OSCC.

Tumor molecular biology has become a research 
hotspot in recent years, which provides the possibility to 

explore the pathogenesis of OSCC. For example, SCD1 
played an independent prognostic role in OSCC and 
could be used as a candidate for targeted cancer therapy5. 
The length of the microRNA (miRNA/miR) is about 20 
to 25 nucleotides, which have key regulatory functions 
in the occurrence or development of cancer, and can be 
involved in the regulation of tumor immune microenviron-
ment6, cell migration, invasion and epithelial interstitial 
transformation7. MiR-770 promoted the migration and in-
vasion of OSCC by regulating the Sirt7/Smad4 pathway8. 
MiR-487a-3p was found to inhibit the growth and invasion 
of OSCC by regulating the expression of PPM1A, thereby 
playing a tumor suppressor effect9. However, there are few 
comprehensive analyses on the miRNA-mRNA regulatory 
network in OSCC.

In this study, we analyzed the differentially expressed 
miRNAs (DEMs) and differentially expressed genes 
(DEGs) of OSCC. GO and KEGG enrichment analysis 
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were performed on DEGs, and then protein-protein inter-
action network (PPI network) and miRNA-mRNA regu-
latory network were established. Finally, the hub genes 
were screened out. The relationship between hub genes 
and clinical data were analyzed to reveal the regulatory 
mechanism of OSCC, explored the main pathways and 
processes involved, and provided a theoretical basis for 
the diagnosis and treatment of OSCC. 

MATERIALS AND METHODS

Microarray data collection
The GSE113956, GSE124566 miRNA expression data 

and GSE31056, GSE37991, GSE13601 mRNA expression 
data were obtained from GEO database (http://www.ncbi.
nlm.nih.gov/geo/) (ref.10). The control and corresponding 
OSCC samples were screened from the data for further 
analysis (Table 1). 

Table 1. The basic information of miRNA and mRNA expression microarrays in OSCC.

MiRNA/Gene GEO ID Platform Case: Control Sample type

miRNA GSE113956 GPL18058 Exiqon miRCURY LNA microRNA array_7th 
generation

25:15 OSCC

miRNA GSE124566 GPL18402 Agilent-046064 Unrestricted_Human_miRNA_
V19.0_Microarray

10:10 OSCC

mRNA GSE31056 GPL10526 Affymetrix GeneChip Human Genome HG-U133 
Plus 2 Array

23:73 OSCC

mRNA GSE37991 GPL6883 Illumina HumanRef-8 v3.0 expression beadchip 40:40 OSCC
mRNA GSE13601 GPL8300 Affymetrix Human Genome U95 Version 2 Array 37:20 OSCC

Fig. 1. Detailed screening process and conditions of DEMs and DEGs in OSCC.
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Screening of DEMs and DEGs
The original data in the miRNA and mRNA expres-

sion data were analyzed by the GEO2R online tool (http://
www.ncbi.nlm.nih.gov/geo/geo2r/) for differential expres-
sion analysis between the control and the corresponding 
OSCC. MiRWalk 2.0 (http://zmf.umm.uni-heidelberg.de/
apps/zmf/mirwalk2/index.html) can provide 12 kinds of 
miRNA target interaction prediction and verification pro-
grams11. DEMs were submitted in the MiRWalk 2.0 da-
tabase to obtain target genes that interact with miRNAs. 
Furthermore, it intersected with the screened mRNA to 
obtain the overlapping DEGs for further analysis. Fig. 1 
showed the detailed screening process and conditions of 
DEMs and DEGs.

GO and KEGG enrichment analysis
DAVID biological information resource database 

(https://david.ncifcrf.gov/) can be used for gene function 
classification and annotation12. The biological process 
(BP), molecular function (MF), cell component (CC) 
annotation and KEGG pathway enrichment analysis were 

performed through the DAVID database. Data processing 
used R language clusterProfiler, org.Hs.eg.db, enrichplot 
and GOplot packages. The results were statistically sig-
nificant with P(FDR)<0.05.

Establishment of PPI network and preliminary screening 
of the hub genes

The basic unit of interaction in STRING (https://
string-db.org/) (ref.13) is "functional combination", the 
link between two proteins, which can be used to build a 
PPI network. The DEGs PPI network with a comprehen-
sive score≥0.4 was established through STRING, then 
imported the data into Cytoscape (version 3.6.1) software 
for further screening. According to the order of degree, 
the top 10 up-regulated genes and the top 10 down-regu-
lated genes were selected as the preliminary hub genes.

Identification of the hub genes
The gene expression data of tumor and normal sam-

ples in OSCC patients were retrieved from the TCGA 
database (https://www.cancer.gov/about-nci/organiza-

Fig. 2. Screening for differentially expressed miRNAs (DEMs) and genes (DEGs). Expression volcano map of GSE113956(A), 
GSE124566(B), GSE13601(C), GSE31056(D) and GSE37991(E). Red dots represented up-regulation, green dots represented 
down-regulation, and black dots represented no significant changes in expression levels. P (FDR)<0.05 and |log FC|>2. (F) 28 
DEMs were screened out. (G) 285 up-regulated DEGs and 479 down-regulated DEGs were screened out.
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tion/ccg/research/structural-genomics/tcga), including 
32 normal controls and 330 cases of OSCC. The hub 
genes were verified by differential expression analysis. The 
data was processed through the R software (version 4.0.3) 
limma package with P(FDR)<0.05 and |log FC|>1 as the 
screening conditions.

Establishment of the miRNA-mRNA regulatory network
Application of miRTarBase (http://mirtarbase.cuhk.

edu.cn/php/index.php) (ref.14) and TargetScan (http://
www.targetscan.org/vert_72/) (ref.15) predicted the tar-
get genes of DEMs and got the intersection. When these 
intersection genes and the hub genes shared a common 

target mRNA there may be similar regulatory pathways, 
to establish miRNA-mRNA regulatory networks.

Clinical data analysis of the hub genes
A total of 328 patients with OSCC were screened in 

the TCGA database to analyze the relationship between 
the expression level of the hub genes and overall survival 
(OS) and tumor differentiation. Unpaired Student's t-test 
or one-way ANOVA test was used to compare normally 
distributed data. Non-normally distributed data were per-
formed using the Mann-Whitney U test or Kruskal-Wallis 
test. Uni- and multivariate analyses were performed using 
Cox proportional hazard models with the stepwise meth-

Table 2. Enrichment analysis of GO in DEGs.

GO 
up-regulated Term P(FDR) Count
BP extracellular matrix organization 4.13E-32 52
BP extracellular structure organization 4.13E-32 52
CC collagen-containing extracellular matrix 4.33E-20 41
MF extracellular matrix structural constituent 1.21E-16 26
CC endoplasmic reticulum lumen 2.10E-11 26
BP cell junction assembly 9.99E-07 25
GO 
down-regulated Term P(FDR) Count
BP muscle system process 2.60E-19 54
CC contractile fiber 1.66E-25 45
CC myofibril 1.66E-25 44
BP muscle contraction 1.51E-15 43
CC sarcomere 3.11E-24 41
MF actin binding 1.28E-09 39

Table 3. Enrichment analysis of KEGG pathways in DEGs.

KEGG pathways:
up-regulated

Term P(FDR) Count

pathways in cancer 4.33E-04 22

PI3K-Akt signaling pathway 7.94E-05 22

focal adhesion 1.59E-07 21

ECM-receptor interaction 1.60E-14 21

amoebiasis 4.26E-06 14

protein digestion and absorption 4.26E-06 13

small cell lung cancer 1.34E-04 11

cell cycle 4.99E-02 9

arrhythmogenic right ventricular cardiomyopathy 
(ARVC)

6.03E-03 8

KEGG pathways:
down-regulated

Term P(FDR) Count

adrenergic signaling in cardiomyocytes 5.19E-03 15

AMPK signaling pathway 7.25E-03 13

hypertrophic cardiomyopathy (HCM) 5.27E-03 11

dilated cardiomyopathy 6.67E-03 11

insulin resistance 2.63E-02 11

adipocytokine signaling pathway 2.63E-02 9

Count: the number of enriched genes, KEGG: Kyoto Encyclopedia of Genes and Genomes. P(FDR)<0.05.
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od. Survival differences were evaluated using the Kaplan–
Meier estimate with the log-rank test. All statistical tests 
and visual analyses were performed using R software or 
GraphPad Prism (version 6.0).

RESULTS

Screening of DEM and DEG
From the expression data of GSE113956 (Fig. 2A) 

and GSE124566 (Fig. 2B), 520 and 69 miRNAs were 
screened respectively, then 28 intersecting DEMs were 
screened from the two sets of miRNA data (Fig. 2F), 
including hsa-miR-10a-5p, hsa-miR-142-3p, hsa-miR-142-
5p, hsa-miR-146b-5p, hsa-miR-181c-5p, hsa-miR-181d, 
hsa-miR-193b-5p, hsa-miR-196a-5p, hsa-miR-196b-5p, 
hsa-miR-203a, hsa-miR-218-5p, hsa-miR-22-5p, hsa-miR-
29b-1-5p, hsa-miR-29c- 5p, hsa-miR-3188, hsa-miR-338-3p, 
hsa-miR-342-5p, hsa-miR-375, hsa-miR-378a-5p, hsa-miR-
382-5p, hsa-miR-409-3p, hsa-miR-4419a, hsa-miR-4647, 
hsa-miR-4778-5p, hsa-miR-513b, hsa-miR-513c-5p, hsa-
miR-625-5p and hsa-miR-744-5p. In the expression 
data of GSE13601 (Fig. 2C), GSE31056 (Fig. 2D) and 
GSE37991 (Fig. 2E), a total of 428 up-regulated genes 
and 768 down-regulated genes were screened. Next, the 
genes that intersected with 11,847 target genes of 28 
DEMs predicted by MiRWalk 2.0 were selected (Fig. 
2G). Finally, there were 285 up-regulated DEGs and 479 
down-regulated DEGs for further study.

Enrichment analysis of GO and KEGG pathways
The GO function annotations of 285 DEGs up-reg-

ulated showed that the main MF was the extracellular 
matrix structural constituent, the main BP was involved in 
the extracellular matrix organization, extracellular struc-
ture organization and cell junction assembly, the main 
CC was collagen-containing extracellular matrix and en-
doplasmic reticulum lumen. The GO functional annota-
tions of the down-regulated 479 DEGs showed that the 
main MF was actin binding, the main BP was involved in 
the muscle system process and muscle contraction, the 
main CC was contractile fiber, myofibril and sarcomeres 
(Table 2).

The KEGG pathway enrichment analysis showed that 
the up-regulated DEGs were mainly enriched in cancer-
related pathways and PI3K-Akt signaling pathway, the 
down-regulated DEGs were mainly enriched in the adren-
aline signaling and AMPK signaling pathway (Table 3).

In GO analysis, the top 6 terms enriched by up-regulat-
ed DEGs and the top 6 terms enriched by down-regulated 
DEGs. Count: the number of enriched genes, GO: Gene 
ontology, BP: biological process, MF: molecular function, 
CC: cell component. P(FDR)<0.05.

Construction of PPI network and preliminary screening 
of hub genes

The PPI network of DEGs was established in 
STRING. The up-regulated network includes 235 nodes 
and 1,599 edges, and the down-regulated network includes 

Table 4. The degree of genes in the protein interaction net-
work of DEGs.

Up-regulated DEGs ID Degree

FN1 76

CDH1 58

CD44 52

COL1A1 46

COL1A2 39

AURKA 39

CCNB1 39

CCNA2 38

SPP1 38

CDC6 37
Down-regulated DEGs ID Degree

ACTN2 47

TTN 45

IGF1 36

CAV3 36

MYL2 34

DMD 34

LDB3 34

CSRP3 34

ACTA1 33

PPARG 31

Fig. 3. TCGA database identified the differential expression of 
hub genes. The figure showed hub genes that meet FDR<0.05 
and |log FC|>1. Blue represented up-regulated hub gens, and 
yellow represented down-regulated hub gens. 

431 nodes and 1,454 edges. The edge represented the in-
teraction between proteins. After the data were imported 
into Cytoscape, "Degree" was applied to represent the 
edge information of genes, and the top 10 genes with up-
regulation and down-regulation of degrees were selected 
as the preliminary hub genes of OSCC. The up-regulated 
DEGs included FN1, CDH1, CD44, COL1A1, COL1A2, 
AURKA, CCNB1, CCNA2, SPP1, CDC6, and the down-
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regulated DEGs included ACTN2, TTN, IGF1, CAV3, 
MYL2, DMD, LDB3, CSRP3, ACTA1, PPARG. (Table 4)

In protein interaction network of DEGs, the top 10 
genes of up-regulation degrees and the top 10 genes of 
down-regulation degrees. Degree: the number of interac-
tion between proteins.

Hub genes verification in TCGA database
According to the differential expression analysis of the 

20 preliminary hub genes expression levels in 330 OSCC 
tumors and 32 normal control samples in the TCGA da-
tabase, it was found that the expression levels of CDH1 
and CD44 were not different and the expression trend 
of the remaining 8 up-regulated hub genes and 10 down-
regulated hub genes were consistent with the results of 
the GEO database (Fig. 3). 

Construction of MiRNA-mRNA Regulatory Network
In order to more clearly show the regulatory relation-

ship between 28 DEMs and 18 hub genes, a miRNA-
mRNA regulatory network was established (Fig. 4). 
Among the 18 hub genes, there were no hsa-miR-146b-
5p, hsa-miR-181d, hsa-miR-196b-5p, hsa-miR-29c-5p, hsa-
miR-375, hsa-miR-409- 3p, hsa-miR-4419a, hsa-miR-4647 
and hsa-miR-744-5p possible targets. MYL2, CSRP3 and 
ACTA1 also did not show possible regulated relationships. 
Hsa-miR-513b was the most regulated DEM, targeting 8 
hub genes, including the up-regulated COL1A1, COL1A2, 
CCNB1, CCNA2, CDC6, and the down-regulated TTN, 
IGF1, DMD. The COL1A1 target was predicted the most, 
as common target of hsa-miR-193b-5p, hsa-miR-196a-5p, 
hsa-miR-218-5p, hsa-miR-29b-1-5p, hsa-miR-338-3p, hsa-

miR-378a-5p, hsa-miR-382-5p, hsa-miR-513b and hsa-miR-
625-5p.

Analysis of the correlation between hub genes and clinical 
data

We used the "pheatmap" package in R to visualize 
the expression patterns of 15 hub genes between TCGA 
OSCC patients with different clinical information as a 
heat map (Fig. 5).

Fig. 4. MiRNA-mRNA regulatory network in OSCC. The first 
column represented miRNAs, the second column represented 
mRNAs, the third column represented the expression trend of 
mRNAs, and the connecting lines between them represented 
regulatory relationships.

Fig. 5. Heat map shows the relative expression of 15 hub genes in TCGA OSCC patients and clinicopathological features. Grade: tu-
mor differentiation, GX: grade cannot be assessed, G1: highly differentiated, G2: moderately differentiated, G3: poorly differentiated.
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In order to further determine the relationship between 
the prognosis of these 15 hub genes and OSCC patients, 
we used the univariate cox regression method at first. The 
results were given in Fig. 6A, where the hazard ratios 
(HRs) of genes were <1, indicating that their overexpres-
sion was associated with longer OS, but the other gene 
with HR >1 meant the opposite. Following that, we uti-
lized stepwise multivariate cox regression to exclude genes 
that were not significantly associated with the patient's 
prognosis. As a result, only four genes (CDC6, AURKA, 
CCNB1 and CCNA2 ) were retained (Fig. 6B). We ana-
lyzed the difference in survival between patients with high 
and low expression of these genes using a Kaplan–Meier 
plot and the log-rank test. Fig. 6C showed that patients 
with high expression of these genes had a worse chance 
of survival. Furthermore, we used box plots to show the 
expression of these four genes in different OSCC tumor 
differentiation. As demonstrated in Fig. 6D, the poorer 

the tumor differentiation of OSCC, the higher the rela-
tive expression levels of these four genes. The results were 
statistically significant at P < 0.05.

DISCUSSION

OSCC is one of the main types of head and neck squa-
mous cell carcinoma, and its incidence is still increasing. 
In 2018 alone, there were about 354,000 new cases, and 
about 177,000 patients have died, indicating that the sur-
vival rate is still low16. Although great progress has been 
made in early screening and personalized treatment of 
OSCC in recent years, OSCC is still one of the diseases 
that has attracted much attention because of its serious 
impact on the quality of life of patients such as eating and 
language17. The molecular mechanisms involved in the 
progress of OSCC are still unclear. Therefore, the study 

Fig. 6. Screening the hub genes associated with the prognosis of OSCC patients. 
(A) Univariate cox regression showed the relationship between 15 hub genes and patient prognosis. P < 0.05. (B) Stepwise multivari-
ate cox regression excluded genes that were not significantly associated with the patient's prognosis. (C) Kaplan–Meier plot and 
the log-rank test showed the survival rate of patients with high or low expression of these genes. P < 0.05. (D) Box plots showed 
the expression of these four genes in different OSCC pathological grades. G1: highly differentiated, G2: moderately differentiated, 
G3: poorly differentiated. *** P < 0.001, ** P < 0.01, * P < 0.05.



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2022 Sep; 166(3):280-289.

287

of OSCC needs to clarify the pathogenesis and screen 
targets related to diagnosis, treatment and prognosis.

In this study, a total of 28 DEMs were screened out 
from the miRNA expression data of GSE113956 and 
GSE124566, most of which had been confirmed to be 
involved in the pathogenesis of OSCC. For example, the 
hsa-miR-142-3p inhibited FoxO1 activity through the ac-
tivation of the PI3K/ Akt signaling pathway, which was 
closely related to the pathological grade and clinical stage 
of OSCC (ref.18). Hsa-miR-142-5p was targeted to up-reg-
ulate IGF2BP3 to facilitate the invasion and metastasis 
of OSCC (ref.19). K-ras was the target of hsa-miR-181d, 
and the overexpression of K-ras effectively reversed the 
inhibitory effect of hsa-miR-181d on the proliferation and 
apoptosis of OSCC (ref.20). Hsa-miR-196a-5p induced 
apoptosis avoidance and therapeutic resistance in OSCC 
cells by targeting BIRC3 (ref.21). Hsa-miR-218-5p inhibited 
OSCC cell invasion by targeting the CD44-ROCK signal-
ing pathway22. The oncogenic activity of hsa-miR-29b-1-
5p could induce the epithelial-mesenchymal transition of 
OSCC (ref.23). Hsa-miR-29c-5p inhibited cell prolifera-
tion and migration of head and neck cancer by targeting 
TMEM98 (ref.24). The elucidation of the pathogenesis of 
these DEMs in OSCC provides potential biomarkers for 
diagnosis and treatment.

In the DEGs enrichment analysis, it was found that 
the up-regulated DEGs were mainly enriched in extracel-
lular matrix (ECM), cancer-related pathways and PI3K-
Akt signaling pathways. ECM was closely associated with 
tumor metastasis, and successful metastasis of cancer 
cells required inhibition of anoikis, a cell death program 
caused by loss of attachment to ECM (ref.25). ECM sepa-
ration could also regulate the metabolism of cancer cells 
in a variety of different cell types, and interfering with the 
metabolism in ECM-separated cells might be an effective 
treatment for selectively inhibiting tumor progression26. 
The PI3K-Akt signaling pathway regulated many basic 
cellular processes, such as metabolism, autophagy, and 
protein synthesis, and its activity could lead to malignant 
transformation of cells. Abnormal activation of the PI3K/
Akt pathway has been found in about 90% of lung adeno-
carcinoma and 40% of squamous cell carcinoma27. The 
down-regulated DEGs were mainly concentrated in mus-
culature processes and AMPK signaling pathways. AMPK 
was a downstream target of the tumor suppressor LKB1, 
which might play a role in inhibiting tumorigenesis, but 
recent studies have shown that AMPK could inhibit or 
promote cancer according to the situation. AMPK could 
inhibit abnormal growth before the occurrence of cancer, 
but after cancer occurs, AMPK could support the survival 
of cancer cells by regulating the growth rate of cancer 
cells to match the energy supply, thereby promoting ge-
nome stability28.

By targeting mRNA, miRNA was involved in the 
regulation of various cellular processes such as cell pro-
liferation, apoptosis and signal transduction, and played 
an important role in the development of tumors29. The 
abnormal expression of miRNA in OSCC caused the deg-
radation or translation inhibition of the regulated mRNA, 
and then played the role of tumor suppressor gene or 

oncogene30. Therefore, the establishment of the miRNA-
mRNA regulatory network was particularly important for 
the study of the pathogenesis of OSCC. After screening 
and verification by the PPI network and TCGA, it was 
found that 18 hub genes might play a key role in the patho-
genesis of OSCC. For example, FN1 belonged to the ex-
tracellular matrix glycoprotein family, existed in a variety 
of cell types, participated in cell adhesion, migration and 
other processes. Its expression was up-regulated through 
the NF-κB pathway to inhibit tumor cell apoptosis and 
lead to cell migration31. It was considered a potential bio-
marker for tongue and floor squamous cell carcinoma in 
OSCC. The construction of miRNA-mRNA regulatory 
network showed that COL1A1 was the most predicted 
target, including hsa-miR-193b-5p, hsa-miR-196a-5p, 
hsa-miR-218-5p, hsa-miR-29b-1-5p , hsa-miR-338-3p, hsa-
miR-378a-5p, hsa-miR-382-5p, hsa-miR-513b and hsa-miR-
625-5p. COL1A1, a member of the collagen family, was 
widely distributed in ECM and could regulate intercellular 
adhesion and differentiation. Its up-regulated expression 
could promote the proliferation and migration of OSCC 
cells32. Hsa-miR-513b had the most regulation, targeting 
8 hub genes, including up-regulated COL1A1, COL1A2, 
CCNB1, CCNA2, CDC6, down-regulated TTN, IGF1, 
DMD. Significantly, the regulatory relationship of hsa-
miR-513b/ CDC6, CCNB1, CCNA2 and the regulatory 
relationship of hsa-miR-342-5p /AURKA were not only 
verified in the miRNA-mRNA regulatory network, but 
also related to overall survival and tumor differentiation. 
This indicated that they were involved in the cellular regu-
latory process and had potential clinical application value. 

Hsa-miR-513b and hsa-miR-342 was abnormally ex-
pressed in a variety of cancers, including liver cancer, co-
lon cancer and ovarian carcinoma33-36, but their expression 
in OSCC has not been clarified. CCNA2 and CCNB1 
were both cell cycle proteins. CCNA2 was necessary for 
S-phase DNA synthesis and through the G2/M process. 
Its overexpression was a poor prognostic factor for oral 
precancerous and malignant lesions37. CCNB1 regulated 
maturation promoting factor (MPF). At the junction of 
cell G2/M phase, it drove the cell cycle phase transition 
and initiated cell mitosis38. CCNB1 was highly expressed 
in tumor cells and tissues, so that MPF could still be ac-
tivated when the DNA of the cells was damaged, leading 
to continued mitosis of the cells, and finally the formation 
of tumors39. Silencing of CCNB1 gene was able to in-
hibit proliferation, invasion and migration of human oral 
squamous carcinoma SCC-15 cells, and its mechanism 
of action might be related to the inhibition of PI3K/Akt 
signaling pathway activation40. AURKA kinase was one of 
three highly homologous serine/threonine kinase families. 
As a cell cycle regulating kinase, it regulated many links 
of mitosis. Especially during the transition from G2 to M 
phase, the activity of AURKA increased significantly41. 
AURKA could participate in many important cell signal-
ing pathways, directly or indirectly activated a variety of 
oncoproteins or inactivated a variety of tumor suppressor 
proteins, thereby promoting the occurrence and develop-
ment of tumors. It regulated EMT and apoptosis through 
reactive oxygen species, promoted the progression of 
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OSCC, and could be used as a predictor of chemotherapy 
response and prognosis in patients with advanced OSCC 
(ref.42,43).CDC6 played an important role in the assembly 
of the pre-replication complex in the G1 phase of the cell 
cycle and was an essential protein for the initiation of cell 
DNA replication. Its up-regulated expression indicated 
that cells enter the proliferation cycle and enhance cell 
proliferation activity, while its expression was reduced or 
even absent in the static cells. The up-regulated expression 
of CDC6 in OSCC might indicate that the tumor was 
accompanied by lymph node metastasis or was mostly 
stage III or IV, which could be used to evaluate the risk of 
tumor recurrence or metastasis and monitor the effective-
ness of treatment44.

CONCLUSION

In summary, this study screened a total of 28 DEMs 
and 764 DEGs consisting of 285 up-regulated and 479 
down-regulated genes. We found that the regulatory rela-
tionship of hsa-miR-513b/ CDC6, CCNB1, CCNA2 and 
the regulatory relationship of hsa-miR-342-5p /AURKA 
were not only verified in the miRNA-mRNA regulatory 
network, but also related to overall survival and tumor 
differentiation. This suggests that they are involved in 
cellular regulatory processes and have potential clinical 
applications. It can be seen that revealing the miRNA-
mediated hub gene regulatory network in OSCC provides 
a molecular mechanism model for the study of patho-
genesis, and also provides an effective basis for targets 
for diagnosis, treatment and prognosis. However, the re-
lationship between some miRNAs or hub genes in the 
study and OSCC is still unclear and requires further study 
and verification, in order to build a more complete gene 
regulation network of OSCC.
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