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Background. Oral cancer is a difficult question in modern medical system, and there are few effective strategies to completely heal
these diseases. This research investigated the miRNA-mRNA network in oral cancer development via bioinformatics excavation.
Methods. GSE28100 and GSE23558 in the GEO database were selected for bioinformatics analysis. The datasets were analyzed
with GEO2R to obtain the related matrix files. The hot plot and heatmap of the matrix files were drawn with R language. The
MiRDIP database was applied to predict and screen the targets of miRNAs. The DEGs in the matrix files were analyzed with
the DAVID database and visualized with R language for enrichment analysis. The PPI-network of the DEGs was established
with the STRING database and Cytoscape. Besides, the miRNA-mRNA was visualized by Cytoscape. Results. 35 genes were
identified as the DEGs in GES28100. 1651 genes were identified as the DEGs in GSE23558. 143 common genes in the targets
of miRNAs in GSE28100 and the DEGs in GSE the targets of DEGs in GES28100 and common genes were enriched in the
PI3K/AKT pathway, MAPK pathway, etc. The DEGs in GSE28100 and GSE23558 were involved in the regulations of
transcription from RNA polymerase II promoter and DNA transcription. The DEGs in GSE28100 and GSE23558 were
established with the miRNA-mRNA network. Conclusion. This research identified miR-15b-5p, miR-199a-3p, miR-21-5p, miR-
424-5p, and miR-454-3p as the biomarker of oral cancer and established the miRNA-mRNA network in oral progression.

1. Introduction

Oral cancer is a widely prevalent disease in the world, which
is one of intractable issues for model society [1, 2]. At pres-
ent, surgical operation, chemotherapy, and radiotherapy are
major therapeutic strategies for oral cancer. However, even
with the various clinical intervention, the prognosis of the
patients remains unsatisfactory [3]. Statistically, less 50%
patients with oral cancer have survival regions more than
five years [4]. Increasing studies have indicated that the
mRNA profiles of the oral cancer tissues popularly exhibit
significant difference compared with the normal tissues [5].
For one side, mRNA disorder is closely related with the dete-
rioration of the cancer, and some genes also exhibit
extremely carcinogenic activity to drive the malignant phe-
notype of the tumor cells [6]. The oral cancer is character-

ized with a high risk of lymphatic metastasis, which is the
major reason leading the rapid progression and worse prog-
nosis of the symptom [7, 8].

miRNAs serve critical roles in cellular metabolism, and the
disorder of miRNA profile has also been confirmed as the
direct reason causing the development and progression of
multiple diseases [9]. For oral cancer, accumulating researches
have revealed that the development of this disease is also
closely associated with the cellular metabolic disturbance
mediated by aberrant expression of some miRNAs [8, 10].
Bioinformatics analysis based on public data of microarray
analysis has been gradually recognized as a useful way to
investigate potential molecular relationship in disease devel-
opment [11]. Abundant researches are concentrated on iden-
tifying potential drug targets and revealing complex cellular
conduction via analyzing the global gene profiles [10]. For oral
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cancer, an obvious difference of miRNA and mRNA profile is
also observed by abundant reports [12]. Some genes may have
great value in clinical diagnosis and treatment.

In this study, the potential regulation of oral cancer was
investigated via excavating the public cancer database, in
order to identify the biomarkers in the development of oral
cancer and thus provide some new reference for the treat-
ment of this disease.

2. Materials and Method

2.1. Data Source. GSE28100 and GSE23558 were obtained
from the GEO database (https://www.ncbi.nlm.nih.gov/geo/),
and the datasets were analyzed with GEO2R to obtain matrix
profiles. GSE28100 was the miRNA expression matrix based
on the GPL10850 platform, which included 17 oral cancer tis-
sues and 3 normal tissues. GSE23558 was the mRNA expres-

sion matrix based on the GPL6480 platform, which included
27 oral cancer tissues and 5 normal tissues.

2.2. Differential Expression Genes (DEGs). The raw data of
GSE28100 and GSE23558 were analyzed with GEO2R tool,
and the related matrix files were normalized with the R lan-
guage. The genes in GSE28100 and GSE23558 with jLogFC
j ≥ 2 and P < 0:05 were selected as the DEGs.

2.3. Function and Pathway Enrichment Analysis. The anno-
tation and enrichment analysis of the DEGs was performed
by DAVID database (https://david.ncifcrf.gov/home.jsp).
The GO term and KEGG pathways with P < 0:05 in the
results were screened and then visualized with R language.

2.4. Identification of the Hub Nodes. The protein interaction
network was analyzed with the STRING database (https://cn
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Figure 1: The DEGs in GES28100 and GSE23558. (a, b) The hot plots of DEGs in GES28100 and GSE23558. (c, d) The heatmaps of DEGs
in GES28100 and GSE23558.
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.string-db.org/). After that, the results were analyzed and fig-
ured with Cytoscape software. For the miRNA-mRNA net-
work, the related miRNAs with differential expression and
their targets were figured with Cytoscape software.

3. Results

3.1. Identification of DEGs. For GES28100, the abundances
of 7 downregulated genes and 28 upregulated genes were

identified as the DEGs. For GSE23558, the 1237 downregu-
lated genes and 414 upregulated genes were identified as
the DEGs (Figures 1(b) and 1(d)). Moreover, there were
143 common genes in the targets of miRNAs in GSE28100
and the DEGs in GSE (Figures 1(a) and 1(c)).

3.2. KEGG Enrichment Analysis. The genes were uploaded
on the DAVID database to analyze the related pathways.
The results showed that targets of DEGs in GES28100 were
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Figure 2: The related KEGG pathways of the DEGs. (a) The KEGG analysis of the DEGs in GES28100. (b) The KEGG analysis of the DEGs
in GSE23558. (c) The common genes of GES28100 and GSE23558. (d) The KEGG analysis of the common genes.
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associated with PI3K/AKT, MAPK, Wnt, Hippo, and APMK
pathways (Figure 2(b)). The DEGs in GSE23558 were also
related with the PI3K/AKT, MAPK, Wnt, Hippo, and
APMK pathway (Figure 2(c)). Moreover, the common genes
were enriched in the PI3K/AKT, MAPK pathway, and so on
(Figures 2(a) and 2(d)).

3.3. GO Enrichment Analysis. For GSE28100, the molecular
functions of the targets were majorly located in nucleus, cyto-
sol, cytoplasm, nucleoplasm, and plasma membrane, and they
were related with protein binding, metal ion binding, ATP
binding, identical protein binding, and RNA binding and
involved in biological processes including the regulation of
transcription from RNA polymerase II promoter, signal trans-
duction, and the regulation of DNA transcription
(Figure 3(a)). For GSE23558, the DEGs were majorly located
in protein binding, plasma membrane, integral component
of membrane, extracellular region, and identical protein bind-
ing, and they were related with the extracellular space, regula-
tion of RNA polymerase II, and signal transduction and

involved in the exosome secretion, integral component of
plasma membrane, calcium ion binding, and endoplasmic
reticulum membrane (Figure 3(b)). Moreover, the common
genes were located in nucleus chromatin, extracellular region,
extracellular space, and perinuclear region of cytoplasm, and
they were involved in regulation of RNA polymerase II and
signal transduction (Figure 3(c)).

3.4. PPI and miRNA-mRNA Network. For the targets of
GES28100, three clusters were found, containing cluster 1
with 31 nodes and 724 edges, cluster 2 with 54 nodes and
828 edges, and cluster 3 with 65 nodes and 504 edges
(Figures 4(a)–4(c)). Three clusters were found in
GSE23558, containing cluster 1 with 52 nodes and 1222
edges, cluster 2 with 53 nodes and 808 edges, and cluster 3
with 44 nodes and 566 edges (Figures 4(d) and 4(e)). More-
over, a cluster with 8 nodes and 48 edges was found in the
common genes of the DEGs in GSE23558 and the targets
of the DEGs in GSE28100; the miRNA-mRNA network
was established (Figures 5(a) and 5(b)).
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Figure 3: The GO analysis of the DEGs. (a) The GO analysis of the DEGs in GES28100. (b) The GO analysis of the DEGs in GSE23558. (c)
The GO analysis of the common genes.
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4. Discussion

Oral cancer is still a stubborn malignant disease with com-
plicated pathological mechanism. The expression disorder
of the genes has been gradually recognized as the major rea-
son leading the malignant progression of the cancer [10].
This study investigated the potential regulation mechanism
of oral cancer via excavating the public database and thus
found some biomarker genes and the related regulation
network.

Compared with the normal tissues, the miRNA profiles
of the tumor tissues generally exhibited significant change
[13]. Accumulating researches have indicated that some
miRNAs serve critical roles in the deterioration of the
tumors [14]. In the research, it was also found that the
miRNA profiles were dramatically difference in the tumor
tissues and adjacent healthy tissues, and 7 downregulated
genes and 28 upregulated were identified as the DEG miR-
NAs which may serve as critical roles in oral cancer. More-
over, miR-15b-5p, miR-199a-3p, miR-21-5p, miR-424-5p,
and miR-454-3p were related with the hub nodes screened
in GSE23558 and the targets in GES28100. miR-199a-3p
has been confirmed to drive the development of multiple

types of cancer. Song et al. has observed the elevated miR-
199a-3p in gastric cancer, and miR-199a-3p silence can
obviously force the apoptosis of the cancer cells [15]. The
research has mirrored that miR-21-5p is dramatically
enriched in the exosome secreted from cancer cells which
can induce the angiogenesis of tumor and thus induced the
focus metastasis [16]. The research has proved that miR-
15b-5p is dramatically elevated in colorectal cancer and
reduced miR-15b-5p can remarkably impede the malignant
behaviors of the cancer cells [17]. In oral cancer, increased
miR-424-5p has been confirmed to induce the phosphoryla-
tion of STAT5 and thus drive the cellular aberrant invasion
[18]. The report has indicated that miR-454-3p can induce
the metastasis of breast cancer via inducing the aberrant
activation of Wnt pathway [19]. However, the related
research has also revealed that miR-454-3p serves as a tumor
suppressor in glioma [20].

In this research, the DEGs in GSE23558, including
SMAD3, PTGS2, PPARG, MMP3, THBS1, and SERPINE1,
were identified as the hub nodes. Being regulated by the
TGF-β pathway, SMAD3 has been widely proved to be
involved in the deterioration of multiple tumors. Shinriki
et al. have observed that the abnormal phosphorylation of

(a) (b)

(c) (d)

(e) (f)

Figure 4: The PPI network of the DEGs in GES28100 and GES23558. (a–c) The PPI network of the DEGs in GES28100. (d, e) The PPI
network of the DEGs in GES23558.
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SMAD3 is dramatically elevated in oral cancer cells [21]. As
well as other types of cancer, oral cancer also has high inva-
sive and migration abilities. Aberrant abundance of MMP3
is a general event which has been observed in multiple
tumors, and high abundance of MMP3 is also associated
with malignant phenotype of tumor cells such as invasion
and migration. The research has indicated that increased

MMP3 can extremely drive the metastasis of esophageal
cancer cells [22]. Besides, reduced SERPINE1 can obviously
impede the resistance of breast cancer cells to paclitaxel via
inducing the inactivation of VEGFA [23]. In oral cancer,
SERPINE1 can also induce the aberrant proliferation of the
cancer cells [24]. THBS1 serves as a critical role in the angio-
genesis of cancer cells and thus promotes the metastasis of
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Figure 5: The miRNA-mRNA network related to oral cancer. (a) The PPI network of the common genes in GES28100 and GES23558. (b)
The miRNA-mRNA network.
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oral cancer cells [25, 26]. Hence, it suggests that SMAD3,
MMP3, SERPINE1, and THBS1 serve as tumor promoters
in oral cancer.

Abundant researches have revealed that the aberrant
changes in the activities of cellular pathways are major rea-
sons leading the deterioration of tumor focus. The distur-
bances of the pathways, such as PI3K/AKT, P53, and Wnt,
can directly force the malignant behaviors of tumor cells
and thus have been recognized as the potential intervention
target in clinical. In this research, the DEGs in both
GSE23558 and GES28100 were observed to be related with
the PI3K/AKT pathway, MAPK pathway, and so on. More-
over, the DEGs in GSE23558 and GES28100 were also
enriched in PI3K/AKT and MAPK pathway. In oral cancer,
targeting PI3K/AKT has also been recognized as a promising
way in drug development. Wei et al. has found that salviano-
lic acid B can impede the glycolysis of oral cancer via block-
ing PI3K/AKT [27]. Besides, aberrant-activated MAPK
pathway is also a biomarker event in the deterioration of oral
cancer. Chen et al. has proved that the dysfunction of MAPK
pathway can induce the TGF-β pathway activation and thus
mediate the malignant behaviors of oral cancer cells.

In conclusion, this research identified miR-15b-5p, miR-
199a-3p, miR-21-5p, miR-424-5p, and miR-454-3p as the
biomarker of oral cancer and established the miRNA-
mRNA network in oral progression.

Data Availability

Data to support the findings of this study is available on rea-
sonable request from the corresponding author.

Conflicts of Interest

The authors have no conflicts of interest to declare.

Authors’ Contributions

Yun Yang and Xin Xin contributed equally to this work.

References

[1] J. Kaur, R. Srivastava, and V. Borse, “Recent advances in point-
of-care diagnostics for oral cancer,” Biosensors and Bioelec-
tronics, vol. 178, p. 112995, 2021.

[2] S. K. Gangwar, A. Kumar, S. Jose et al., “Nuclear receptors in
oral cancer-emerging players in tumorigenesis,” Cancer Let-
ters, vol. 536, p. 215666, 2022.

[3] C. Saka-Herrán, E. Jané-Salas, A. Mari-Roig, A. Estrugo-
Devesa, and J. López-López, “Time-to-treatment in oral can-
cer: causes and implications for survival,” Cancers, vol. 13,
no. 6, p. 1321, 2021.

[4] R. Mishra, “Glycogen synthase kinase 3 beta: can it be a target
for oral cancer,” Molecular Cancer, vol. 9, no. 1, p. 144, 2010.

[5] J. Bouaoud, P. Bossi, M. Elkabets et al., “Unmet needs and per-
spectives in oral cancer prevention,” Cancers, vol. 14, no. 7,
p. 1815, 2022.

[6] T. Khan, N. Relitti, M. Brindisi et al., “Autophagy modulators
for the treatment of oral and esophageal squamous cell carci-

nomas,” Medicinal Research Reviews, vol. 40, no. 3,
pp. 1002–1060, 2020.

[7] A. Capote-Moreno, E. Ramos, J. Egea, F. López-Muñoz, E. Gil-
Martín, and A. Romero, “Potential of melatonin as adjuvant
therapy of oral cancer in the era of Epigenomics,” Cancers,
vol. 11, no. 11, p. 1712, 2019.

[8] M. Dioguardi, G. A. Caloro, L. Laino et al., “Circulating miR-
21 as a potential biomarker for the diagnosis of oral cancer: a
systematic review with meta-analysis,” Cancers, vol. 12, no. 4,
p. 936, 2020.

[9] H. A. Adeola, I. O. Bello, R. T. Aruleba et al., “The practicality
of the use of liquid biopsy in early diagnosis and treatment
monitoring of oral cancer in resource-limited settings,” Can-
cers, vol. 14, no. 5, p. 1139, 2022.

[10] W. D'Souza and A. Kumar, “microRNAs in oral cancer: mov-
ing from bench to bed as next generation medicine,” Oral
Oncology, vol. 111, article 104916, 2020.

[11] S. Yete and D. Saranath, “MicroRNAs in oral cancer: biomark-
ers with clinical potential,” Oral Oncology, vol. 110, article
105002, 2020.

[12] S. C. Tsai, S. F. Huang, J. H. Chiang et al., “The differential reg-
ulation of microRNAs is associated with oral cancer,” Oncol-
ogy Reports, vol. 38, no. 3, pp. 1613–1620, 2017.

[13] W. N. William, V. Papadimitrakopoulou, J. J. Lee et al., “Erlo-
tinib and the risk of oral cancer: the erlotinib prevention of oral
cancer (EPOC) randomized clinical trial,” JAMA Oncology,
vol. 2, no. 2, pp. 209–216, 2016.

[14] L. L. Leung, M. K. Riaz, X. Qu, J. Chan, and K. Meehan, “Pro-
filing of extracellular vesicles in oral cancer, from transcripto-
mics to proteomics,” Seminars in Cancer Biology, vol. 74,
pp. 3–23, 2021.

[15] R. Song, Y. Li, W. Hao et al., “Circular RNA MTO1 inhibits
gastric cancer progression by elevating PAWR via sponging
miR-199a-3p,” Cell Cycle, vol. 19, no. 22, pp. 3127–3139, 2020.

[16] Q. He, A. Ye, W. Ye et al., “Cancer-secreted exosomal miR-21-
5p induces angiogenesis and vascular permeability by targeting
KRIT1,” Cell Death & Disease, vol. 12, no. 6, p. 576, 2021.

[17] L. N. Sun, Z. Zhi, L. Y. Chen et al., “SIRT1 suppresses colorec-
tal cancer metastasis by transcriptional repression of miR-15b-
5p,” Cancer Letters, vol. 409, pp. 104–115, 2017.

[18] H. Y. Peng, S. S. Jiang, J. R. Hsiao et al., “IL-8 induces miR-424-
5p expression and modulates SOCS2/STAT5 signaling path-
way in oral squamous cell carcinoma,” Molecular Oncology,
vol. 10, no. 6, pp. 895–909, 2016.

[19] L. Ren, H. Chen, J. Song et al., “MiR-454-3p-mediated Wnt/β-
catenin signaling antagonists suppression promotes breast
cancer metastasis,” Theranostics, vol. 9, no. 2, pp. 449–465,
2019.

[20] N. Shao, L. Xue, R. Wang, K. Luo, F. Zhi, and Q. Lan, “miR-
454-3p is an exosomal biomarker and functions as a tumor
suppressor in glioma,” Molecular Cancer Therapeutics,
vol. 18, no. 2, pp. 459–469, 2019.

[21] S. Shinriki, H. Jono, M. Maeshiro et al., “Loss of CYLD pro-
motes cell invasion via ALK5 stabilization in oral squamous
cell carcinoma,” The Journal of Pathology, vol. 244, no. 3,
pp. 367–379, 2018.

[22] H. F. Hu, W.W. Xu, W. X. Zhang et al., “Identification of miR-
515-3p and its targets, vimentin and MMP3, as a key regula-
tory mechanism in esophageal cancer metastasis: functional
and clinical significance,” Signal Transduction and Targeted
Therapy, vol. 5, no. 1, p. 271, 2020.

7Disease Markers



[23] Q. Zhang, L. Lei, and D. Jing, “Knockdown of SERPINE1
reverses resistance of triple-negative breast cancer to paclitaxel
via suppression of VEGFA,” Oncology Reports, vol. 44, no. 5,
pp. 1875–1884, 2020.

[24] C. Zhao and Z. Liu, “MicroRNA 617 targeting SERPINE1
inhibited the progression of oral squamous cell carcinoma,”
Molecular and Cellular Biology, vol. 41, no. 6, article
e0056520, 2021.

[25] H. J. Shih, C. L. Chen, and P. L. Torng, “IGFBP3 inhibits
angiogenesis through intracellular regulation of THBS1
expression,” American Journal of Cancer Research, vol. 10,
no. 6, pp. 1728–1744, 2020.

[26] M. Xiao, J. Zhang, W. Chen, and W. Chen, “M1-like tumor-
associated macrophages activated by exosome-transferred
THBS1 promote malignant migration in oral squamous cell
carcinoma,” Journal of Experimental & Clinical Cancer
Research, vol. 37, no. 1, p. 143, 2018.

[27] J. Wei, J. Wu, W. Xu et al., “Salvianolic acid B inhibits glycol-
ysis in oral squamous cell carcinoma via targeting PI3K/AKT/
HIF-1α signaling pathway,” Cell Death & Disease, vol. 9, no. 6,
p. 599, 2018.

8 Disease Markers


	Identification of Potential miRNA-mRNA Regulatory Network in the Development of Oral Cancer
	1. Introduction
	2. Materials and Method
	2.1. Data Source
	2.2. Differential Expression Genes (DEGs)
	2.3. Function and Pathway Enrichment Analysis
	2.4. Identification of the Hub Nodes

	3. Results
	3.1. Identification of DEGs
	3.2. KEGG Enrichment Analysis
	3.3. GO Enrichment Analysis
	3.4. PPI and miRNA-mRNA Network

	4. Discussion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions

