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Abstract
Background: Cervical cancer is one of the most common cancers. Women. One of the factors involved in the development of this cancer is
the persistence of HPV infection. There are many treatments for cervical cancer, but the exact link between HPV and the development of cervical
cancer remains unclear. Therefore, finding diagnostic biomarkers will be helpful in this regard.
Materials and Methods: This study was based on bioinformatics. First, we selected the appropriate microarray datasets from the GEO
database. We categorized the high and low expression genes separately and used the Enrichr and Shiny GO databases to examine the signal
pathways and gene ontology. We examined the association between proteins and evaluated candidate proteins with GEPIA in clinical samples
using the STRING database. Finally, with the use of Targetscan, selected miRNAs.

Results: 204 genes with high expression and 171 genes with low expression were classified. High-expression genes were observed in
the autoimmunity, antigen processing and presentation, pathways, and low-expression genes were observed in the cellular aging, and MAPK
pathways. After delineating the protein linkage network, high-expression FOXA1, OSA1, IRF3, and STAT1, and low-expression BMP4, MEF2C,
TBX2 and PTN were selected. Later, hsa-miR-203a-3p, hsa-miR-6881-3p, hsa-miR-3173-3p, hsa-miR-4796-5p were more closely related to these
genes.
Conclusion: Finally, based on integrated and systematic bioinformatics analyzes, we nominated genes, proteins and important myrrh among
cervical cancer-related HPV infection as biomarkers that need further investigation.
Keywords: MicroRNAs; Biomarker discovery; Human papilloma virus; Cervical Cancer; Invasive; In Silico Analysis
Abbreviations: MiRNAs: micro RNAs; HPV: Human Papilloma Virus; CC: Cervical Cancer

Introduction
Cervical cancer is one of the five common cancers in women
[1]. Also, the five-year survival rate of this cancer is proportional
to various physiological and environmental variables between 60
and 70%. Multiple variables are involved in the development of
cervical cancer [2]. One of these causes is human papillomavirus
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infection. Infection with the virus, more common in the genital
area, can trigger cervical cancer if the infection is severe or
even after treatment [3]. Various treatments have been used to
treat cervical cancer [4]. But to better manage the treatment of
this cancer and to find the main actors in the development of
cervical cancer due to human papillomavirus infection, the study
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of biomarkers is a very good option today. Over the past decade,
bioinformatics knowledge has been able to determine and
facilitate a comprehensive profile of cellular and molecular events
involved in the pathogenesis of various disorders in the body by
examining clinical data and differentiating gene expression [5,6].
Therefore, we used bioinformatics analysis in this study to find
diagnostic and even therapeutic biomarkers for cervical cancer
due to human papillomavirus infection, and finally nominated
biomarkers for further studies.

Materials and Methods

Select the appropriate database and prepare the data
To design this study with royan institute, which has been
done in bioinformatics analysis, we first used the GEO database
and selected the appropriate microarray-datasets for this study.
GSE63678 dataset was related to the cervical cancer and control
group, divided into two groups and evaluated. This dataset
consisted of 35 samples. GSE65166 dataset was related to HPV
infection and control group, and these two groups were evaluated
together. This dataset also included 9 samples. The platforms
used in these datasets were GPL571 [HG-U133A_2] Affymetrix
Human Genome U133A 2.0 Array and GPL6244 [HuGene-1_0-st]
Affymetrix Human Gene 1.0 ST Array [transcript (gene) version],
respectively. After defining the groups using the GEO2R tool, we
isolated the differential expression profiles of the genes and saved
them in an Excel file. Then we separated the gene clusters with up
and down expression and prepared them for the next step. In this
part, the p value˂0.05 was considered.

Investigation of signaling pathways and gene ontology

This section first used Venny version 2.1.0 to share genes
with high and low expression of two datasets separately. We then
uploaded the obtained common genes to the Enrichr database
to examine the signaling pathways and gene ontology. Then
used the KEGG and Reactions libraries to analyze the signaling
pathways. The ontology section was then used to evaluate the
molecular functions and biological processes of high and lowexpression genes. The Shiny GO database was then used to plot
the communication network between the results. In this part, the
p value˂0.05 was considered.

Evaluation of protein and gene networks

After evaluating the signaling pathways and gene ontology,
the pathways that played a significant role in the development
of cervical cancer dependent to HPV infection were selected. The
relationship between their protein networks was assessed using
the STRING database and the relationship between genes in the
GeneMANIA database.

Evaluation of candidate genes and proteins in human
data
After nominating important genes and proteins in the
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evaluated pathways, to confirm and obtain more information
about the amount of expression, the algorithm for differentiating
the expression of proteins in different stages of cervical cancer and
survival based on time, the data in the GEPIA database uploaded
and examined the parameters in patients with cervical cancer.

Select candidate microRNAs

After final confirmation and selection of genes and candidate
proteins from the previous steps, we evaluated the microRNAs
in the Enrichr database and the Targetscan library and selected
high-significance microRNAs.

Results

Autoimmunity, antigen processing and presentation, cellular
aging, and MAPK were more prominent between cervical
cancer and HPV infection. After using the Venny tool to find the
commonalities between the genes for the two datasets, 204 highexpression genes and 171 low-expression genes were obtained.
Autoimmunity, antigen processing and presentation, Epsteinbar virus infection, allograft rejection, graft versus host disease,
and hematopoietic cell lineage pathway were observed in highexpression genes, and cellular aging, cell cycle, MAPK, ribosome,
Wnt signals, hedgehog signals, focal adhesion, and proteoglycan in
cancer observed in low-expression genes (Figure 1).

Evaluation of gene ontology between cervical cancer
and HPV infection

This section further evaluates the common genes from
the previous step and examines their molecular functions and
biological processes. Accordingly, type III interferon production,
cellular response to type I interferon, defense response to virus,
innate immune response, immune effector process. cell surface
receptor signaling pathway, and detoxification of copper ion in
biological processes were observed in genes with high expression.
Also, for low-expression genes, blood vessel development, positive
regulation of cellular component movement, tube development,
regulation of cell population proliferation, positive regulation
of RNA biosynthetic process, positive regulation of cellular
biosynthetic process, regulation of RNA metabolic process and
cellular developmental process were associated with biological
processes (Figure 2).

Association between genes and proteins associated
with the HPV infection and cervical cancer

The communication network between the proteins was
plotted with high expression. The network consists of 83 nodes
and 156 edges, with proteins that interact better with other
proteins at the center of the network. The low expression proteins
network consists of 61 nodes and 98 edges High-expression
FOXA1, OSA1, IRF3 and STAT1 and low-expression BMP4, MEF2C,
TBX2 and PTN proteins were selected more significantly (Figures
3A & 3B).
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Figure 1: Investigation of signaling pathways between HPV and cervical cancer datasets. A: upregulated genes, B: downregulated genes.

003

How to cite this article: Hybert K, Maryam A, Ahmad B. Evaluation of Candidates MiRNAs as a Diagnostic and Therapeutic Biomarker Between HPV
Infection and Cervical Cancer Invasion via In Silico Approach. Canc Therapy & Oncol Int J. 2021; 20(2): 556033. DOI: 10.19080/CTOIJ.2021.20.556033

Cancer Therapy & Oncology International Journal

Figure 2: Assessment of biological processes between HPV and cervical cancer datasets. A: upregulated genes, B: downregulated genes.
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Figure 3: Evaluation of protein interactions between HPV and cervical cancer datasets. A: upregulated genes, B: downregulated genes.
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Figure 4: Analysis of candidate proteins between HPV and cervical cancer invasion in human data. A: FOXA1, B: OSA1, C: IRF3, D:
STAT1, E: BMP4, F: MEF2C, G: TBX2, H: PTN.
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Evaluation of proteins in clinical data
In this part of the study, FOXA1, OSA1, IRF3, STAT1, BMP4,
MEF2C, TBX2 and PTN proteins in the GEPIA database were
evaluated in cervical cancer samples compared to controls.
Accordingly, like bioinformatics data, thease proteins in the
cervical cancer sample showed a significant increase and

decrease in expression compared to the control sample. In the plot
diagram, higher data density is directly related to increased gene
expression. In the survival chart, on average, FOXA1, OSA1, IRF3,
STAT1, BMP4, MEF2C, TBX2 and PTN proteins have reduced the
survival of patients by about 50% over time, which is a significant
rate (Figures 4 & 5).

Figure 5: Evaluation of miRNAs between hub proteins of HPV and cervical cancer invasion. A: upregulated genes, B: downregulated
genes.
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Candidate of suitable microRNAs related to the HPV
infection and cervical cancer
In this section, we evaluated the candidate genes and proteins
in terms of upstream regulatory elements. A communication
network between microRNAs is also drawn. hsa-miR-203a-3p,
hsa-miR-6881-3p, and hsa-miR-3173-3p regulated the highexpression genes and the hsa-miR-4796-5p, hsa-miR-1292, hsamiR-1946a, hsa-miR-341 and hsa-miR-463 regulated the lowexpression genes (Figure 5).

Discussion

Cervical cancer is common cancer in women, and there are
various challenges to developing this cancer. Of course, HPV
infection is a particular variable that these viruses can cause
cancer in the human body [7]. HPV16 and HPV18 more than other
strains. HPV can cause cervical cancer. New methods to find the
exact cause of the onset and development of cancers have become
more prevalent in recent years [8]. Gene expression profile
in cervical cancer and its association with HPV infection and
finding diagnostic or therapeutic biomarkers can identify the key
molecules in causing cervical cancer and increasing HPV infection
to provide better treatment strategies [9].
Studies had shown that FOXA1 plays a vital role in inducing
cell division and invasion of cervical cancer cells, controlled
and regulated by miR 1179 [10]. Another study showed that
FOXA1 is highly expressed in patients with cervical cancer. After
inhibition of FOXA1 activity, invasion and division of cancer cells
were significantly reduced. Cellular connections and EMT were
also reduced [11]. The study by Karpathiou et al. Showed that
FOXA1 expression was significantly increased in cervical and
endocervical cancer patients compared to healthy individuals
with HPV infection [12]. FOXA1 is also active in other cancers,
including head and neck [12] and lung cancers [13].

Further studies based on bioinformatics and gene expression
profile analysis in cervical cancer patients have shown that OAS1
plays a key role in the progression, cell division, and invasion
of cervical cancer cells [14]. The study by Shah et al. With
bioinformatics analysis showed that IRF3 plays an essential role
in the response and resistance to drugs against HPV [15]. The
study by Wang et al. Also showed that various mutations in the
IRF3 gene disrupted DNA repair and DNA replication pathways in
patients with HPV-associated cervical cancer [16]. An intriguing
study by Cai et al. Showed that IFI16 also activated the STING /
TBK1 / NFKB / IRF3 signal pathway when there was an increase
in expression, which played a significant role in innate immunity
as well as the progression of cervical cancer [17].
The study by Suk et al. Showed that IFN gamma could control
the STAT1 / IRF1 signal pathway, which is involved in cell division
and cervical cancer invasion [18]. The study by Wu et al. Also
showed that STAT1 played an important role in cervical cancer
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and introduced it as a marker [19]. The study by Raspaglio et al.
Showed that STAT1, controlled by PARP1, could be sensitive to
radiotherapy in cervical cancer cells [20]. Zhang et al. showed
that STAT1 controls p53, and when the STAT1 upstream gene,
FRA1, is activated, it inhibits cell division and the Warburg effect
in cervical cancer [21]. Buttareli et al. [22] Also showed that the
ANXA2 / NDRG1 / STAT1 signal axis plays an important role in
resistance to chemotherapy in cervical cancer.

A recent study by Wang et al. Showed that miR 592 / RSPO1
by controlling MEF2C could reduce cell division and invade
cervical cancer [23]. Another study showed that MEF2C increased
expression in people with endometriosis compared to healthy
people and was effective in the progression and exacerbation
of the disease [24]. An intriguing study by Zhang et al. Showed
that the MUC4 / ERbB2 / MEF2C / P38 signal pathway axis in
pancreatic cancer is disrupted by decreased expression of MMP10
and is involved in the invasion and metastasis of this cancer [25].

The study by Liu et al. Showed that PSCA, PIWIL1, and TBX2
genes have significantly increased expression in patients with
cervical cancer, which has a significant role in cell division,
invasion, and progression of this cancer, especially to lymph nodes
[26]. The study by Schneider et al. Showed that TBX2 and TBX3
are directly related to L2 from HPV and play an important role in
regulating the viral cycle in the host cell. It can also control and
regulate viral infection in the host body in the long run. This factor
can play a key role in exacerbating cervical cancer [27]. One study
found that when curcumin was added to cervical cancer cells, PTN
expression was significantly reduced, reducing cell division and
invasion of cervical cancer cells [28].

Conclusion

Finally, in the present study, we examined the miRNAs
associated with these genes, and finally, the hsa-miR-203a-3p,
hsa-miR-6881-3p, hsa-miR-3173-3p, hsa-miR-4796-5p, hsamiR-1292, hsa-miR-1946a, hsa-miR-341 and hsa-miR-463 were
selected. Finally, a more in-depth study of genes and miRNAs
involved in HPV-associated cervical cancer could provide
specialists with better treatment options.
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