
Research Article
TheValue andClinical Significance of TumorMarkerDetection in
Cervical Cancer

Wei-Li Sun, Yong Shen , Yuan Yuan, Xiao-Jing Zhou, and Wei-Peng Li

Department of Nuclear Medicine, �e First Affiliated Hospital of Bengbu Medical College, Bengbu, Anhui 233004, China

Correspondence should be addressed to Yong Shen; xgl1234321@163.com

Received 24 November 2020; Revised 22 December 2020; Accepted 4 February 2021; Published 24 February 2021

Academic Editor: Qinhu Zhang

Copyright © 2021 Wei-Li Sun et al. .is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

When it comes to cervical cancer, it is the most common malignancy in gynecology. .is study aimed to investigate the
concomitant status of miRNA-9-5p in cervical cancer and explore its potential mechanism for treating cervical cancer. .e levels
of miRNA-9-5p, CA125, CA199, and CEA expression were detected by RT-PCR, and the downstream target genes regulated by
miRNA-9-5p were screened by the Venn map. Cytoscape was utilized to find the binding sites of the two genes, and luciferase
reporter assay verified the direct regulation of miRNA-9-5p and CXCR4; the CCK-8 assay detected its regulation on cell
proliferation, and the expression of miRNA-9-5p, CXCR4, PCNA, Ki67 mRNA, and proteins was detected by RT-PCR and
western blot. .e expression of miRNA-9-5p was decreased, while the levels of CA125, CA199, and CEA were increased in the
model group..e database predicts that CXCR4 is a gene regulated by miRNA-9-5p..e luciferase reporter gene results indicated
that miRNA-9-5p could directly regulate the expression of CXCR4 and miRNAs are detected by intracellular transfer inhibitors.
In total, MiRNA-9-5p can be utilized as a biological marker for cervical cancer that may inhibit cancer cells’ proliferation by
inhibiting the expression of the CXCR4 gene and protein.

1. Introduction

When it comes to cervical cancer, this disease can be treated
as the second most prevalent cancer in the world after breast
cancer [1, 2]. It ranked second in malignant tumors in
women and is a disease that seriously endangers the health of
women [3]. Treatment for early cervical cancer is primarily
clinical surgery, but the onset of cervical cancer is hidden.
Different screening methods and technologies make up
more than half of the patients in the middle and advanced
stages when they visit the clinic in different regions..e cure
rate is relatively high for early cervical cancer [2, 4, 5].
.erefore, it is important to search for the cause and early
diagnosis of cervical cancer and find new therapeutic targets.

MicroRNAs (miRNAs) are a class of endogenous small
RNAs with a length of approximately 20–24 nucleotides that
have a variety of important regulatory roles in the cells [6, 7].
Each miRNA can have multiple target genes, and several
miRNAs can also regulate the same gene. .is complex
regulatory network can regulate the expression of multiple

genes through a single miRNA, or it can fine-tune the ex-
pression of a gene through a combination of several miRNAs
[8]. It is speculated that miRNA regulates one-third of
human genes. In this study, we found that miRNA-9-5p
exhibits low expression in the serum of cervical cancer
patients. Chen H found in osteoarthritis that miRNA-9-5p
could regulate cell proliferation and apoptosis [9]. .e level
of serum CA125, CA199, and CEA showed that the ex-
pression was significantly higher in the model group than in
the control group. .erefore, the above results indicate that
miRNA-9-5p can be utilized as a biological marker of
cervical cancer. At the same time, we also found that CA125,
CA199, and CEA are highly expressed in cervical cancer, so
it can be utilized as biological marker of cervical cancer.

Next, through various databases, we screened the
downstream target genes regulated by miRNA-9-5p. We
found that there are 330 target genes shared by five da-
tabases and regulated by miRNA-9-5p, in which CXCR4 is
involved in the proliferation of cancer cells. .erefore,
CXCR4 was utilized as a focus in the subsequent studies.
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.e expression level of CXCR4 was significantly increased
in various malignant tumor tissues. .e expression of
functional CXCR4 was found in the ovary, thyroid,
mammary gland, stomach, lung, and other malignant tu-
mors, indicating that CXCR4 plays a vital role in tumor-
igenesis and development. .erefore, our research was
focused on the study of miRNA-9-5p regulation of CXCR4
in the treatment of cervical cancer.

In this paper, we verified the direct regulation of
miRNA-9-5p and CXCR4 by the luciferase reporter gene.
Subsequently, the miRNA-9-5p inhibitor and CXCR4
siRNA were transfected in Hela cells, and the cell viability
was assessed by CCK-8 assay. MiRNA-9-5p can inhibit cell
proliferation by inhibiting CXCR4 expression. To further
verify its mechanism, we detected the expression of pro-
liferative genes and proteins by RT-PCR and western blot
and found that the level of CXCR4 mRNA in the model
group was not significantly different from the control
group. .e expression of the protein was significantly
increased, and miRNA-9-5p inhibitor significantly en-
hanced the expression of CXCR4. Simultaneously, with the
low expression of miRNA-9-5p, the proliferation-related
genes and proteins PCNA and Ki67 were highly expressed.
Low expression of miRNA-9-5p promotes cell prolifera-
tion, and siRNA results indicate that blockade of the
CXCR4 pathway reverses the ability of miRNA-9-5p to
promote cell proliferation. .e above results suggest that
miRNA-9-5p promotes cell proliferation by regulating
CXCR4 in cervical cancer.

2. Materials and Methods

2.1. �e Patients. .is study was carried out in the First
Affiliated Hospital of Bengbu Medical College from June
2019 to June 2020. In this study, 32 patients with cervical
cancer and 28 healthy people were admitted. .e blood of
patients and healthy people were collected, and the ex-
pression of miRNA-9-5p was detected by RT-PCR [10].
Levels of CA125, CA199, and CEA were detected by using
the Roche c602 instrument and supporting reagents
(electrochemiluminescence). .e normal range for CA125
was 0–35U/mL, CA199 was 0–39U/mL, and CEA was
0–10 ng/mL. If the level has exceeded the normal values,
then it was considered positive.

2.2. Bioinformatics Analysis. .e target genes of miR-9-5p
were predicted by Targetscan [11] (http://www.targetscan.
org/vert_72/), DIANA [12] (http://diana.imis.athena-
innovation.gr/Diana Tools/index.php), miRmap [13]
(https://mirmap.ezlab.org/), miRWalk [14] (http://zmf.
umm.uni-heidelberg.de/apps/zmf/mirwalk/), and miRsys-
tem (http://mirsystem.cgm.ntu.edu.tw/). .e results were
entered into the Draw Venn Diagram, and the results from
the five databases were selected..en, we get the sequence of
miR-9-5p and the target gene and look for a combining site
to identify the relationship between them. .en, we looked
for the relative miRNAs of the target gene for cervical cancer
and visualized by Cytoscape 3.6.1.

2.3. Cell Culture. Hela cells purchased from Shanghai
Enzyme Research Biotechnology Co., Ltd., were divided
into two groups: a control group and a model group. Cells
were seeded, and the medium consisting of 10% fetal
bovine serum (FBS; Gibco) and 1% PBS at 37°C were added
into the dish in the two groups, respectively. Moreover, in
both groups, the expression of miRNA-9-5p was detected
by RT-PCR [15].

2.4. Luciferase Reporter Assay. .e relationship between
miRNA-9-5p and CXCR4 was identified by luciferase re-
porter assay. CXCR4 was divided into two groups, including
the wild-type CXCR4 (CXCR4WT) and the mutant CXCR4
(CXCR4 MUT). In brief, CXCR4 WT or MUT 3′-UTR
reporters together with miRNA-9-5p or negative control
were cotransfected into the cells using Lipofectamine 2000
[15, 16]. .e plasmid (Promega) encoding luciferase was
utilized to control the efficiency of transfection. Cells were
lysed 24 h after transfection and tested for luciferase activity
using the Dual-Luciferase Reporter Assay System (Prom-
ega), according to the manufacturer’s instructions.

2.5. Inhibitor and siRNA Transfection. To identify the rela-
tionship between miRNA-9-5p and CXCR4, we transfected
the miRNA-9-5p inhibitor into the cells using Lipofectamine
2000 (5 μL) in a six-well plate. .e cells were divided into
three groups, the control group, model group, and inhibitor
group. Cells were prepared for the following experiments.

2.6. CCK-8Assay. In this study, 0.25% trypsin was added to
the cells and placed at 37°C in an incubator with 5% CO2.
.e cell counting plate was utilized for counting, and the
cell concentration was adjusted to 1 × 104/200 μL. .e
prepared cells were seeded in 96-well plates at a volume of
200 μL per well [17], and the cells were further incubated
for about 8 hours. .e experiment consisted of the fol-
lowing two groups, each with five duplicate wells. Control
group: HHL-5 cell group; model group: Hela cell group.

After 24 hours, a 96-well plate was taken, and 20 μL of
the CCK8 reagent was added to each well. After 2 hours of
incubation, a wavelength of 450 nm was selected, and the
light absorption value of each well was measured on a
microplate reader, and the results were recorded.

2.7. RT-PCR Analysis. .e RT-PCR analysis was utilized to
identify the expressions of miRNA-9-5p and CXCR4 and
further demonstrate the correlation between two genes and cell
proliferation. TRIZOL (Invitrogen) was utilized to extract RNA
from cells with a confluency of about 85%. And, microRNA
reverse transcription was performed using bulge-loop TM
miRNA reverse primer instead of Olige (dT) [18]. In this study,
β-actin served as a control of CXCR4 and proliferating genes,
while U6 snRNA (U6) served as a control of miRNA-9-5p..e
primer sequences were as follows: CXCR4 F: 5′-
AGGTGGTCTATGTTGGCGTCT-3′, R: 5′-AGG ATGAG-
GATGACTGTGGTC-3′; PCNA F: 5′-TGATGAGGTCCTT-
GAGTG-3′, R:5′-GAGTGGTCGTTG
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TCTTTC-3′; Ki67 F: 5′-CCTTCACCATCTTCCAGGAG-3′,
R: 5′-CCTGCTTCACCACCTTCTTG-3′. Using β-actin as an
internal reference, F: 5′-CTGGGACGACATGGAGAAAA-3′,
R: 5′-AAGGAAGGCTGGAAGAGTGC-3′; miRNA-9-5p F:
5′-GTGCAGGGT-CCGAGGT-3′, R: 5′-
GCGCTCTTTGGTTATCTAGC-3’.

2.8. Western Blot. Cells were lysed in a radio-
immunoprecipitation assay buffer with the Protease Inhibitor
Cocktail (Sigma), separated in sodium dodecyl sulfate-poly-
acrylamide gels, and transferred to a polyvinylidene fluoride
membrane. .e membrane was incubated with anti-CXCR4,
PCNA, Ki67, and anti-β-actin (Abcam, Cambridge, MA, USA)
at 4°C overnight, followed by incubation with horseradish
peroxidase-conjugated secondary antibody for 1h. Bands were
visualized with ECL [19].

2.9. Statistical Analysis. Data are presented as a mean-
± standard deviation. Statistical comparisons were carried out
using the Student’s t-test or one-way analysis of variance
(ANOVA) followed by Tukey’s multiple comparison test.

3. Results

3.1. Comparison of General Information in Each Group.
In this study, the subjects treated in the hospital were in-
cluded in the model group, 32 subjects, including 17 males
and 15 females, aged between 36 and 75. .e body’s BMI
value was 23.25. .e control group had 28 healthy subjects
who passed the physical examination in the hospital, in-
cluding 15 males, 13 females, aged between 20 and 77; body
BMI was also within the normal range. .ere was no sta-
tistical difference between the general information of the
model combination control group, and it was comparable.
See Table 1 for details.

3.2. 330 Target Genes Regulated by miRNA-9-5p and
miRNA-9-5p Have Low Expression in Cervical Cancer.
.rough the database search, the target genes regulated by
miRNA-9-5p were predicted from five databases, including
TargetScan, DIANA, miRmap, miRWalk, and miRsystem.
.en, 330 target genes that are regulated by miRNA-9-5p
and coexist in five databases were selected and represented as
Venn maps (Figure 1(a)). Among them, CXCR4 was ab-
normally expressed in various malignant tumor tissues and
cell lines such as hematological tumors, breast tumors, and
prostate tumors, indicating that CXCR4 plays an important
role in tumorigenesis and development, and the binding
sites of two genes were predicted by TargetScan database.
Visualization via Cytoscape showed that the relative
miRNAs which regulates CXCR4 were miRNA-9-5p,
miRNA-150-5p, miRNA-146a-5p, miRNA-126-3p, and so
on (Figure 1(b)).

To demonstrate the expression of miRNA-9-5p in the
serum of patients with cervical cancer, we collected serum
from the patients of both control and model groups. RT-PCR
results showed that the expression of miRNA-9-5p in the

model group was significantly lower than that in the control
group (Figure 1(c)). .e serum level of CA125, CA199, and
CEA showed that the expression in the model group was
significantly higher than that in the control group. .e above
results indicate that they may serve as a biological marker for
cervical cancer.

3.3. MiRNA-9-5p Could Regulate the Expression of CXCR4
and Inhibit theProliferationofHelaCells. To validate that the
function of miRNA-9-5p directly regulates the expression of
CXCR4, we found a site between miRNA-9-5p and CXCR4
to identify the mechanism. .e binding sites between
miRNA-9-5p and CXCR4 were mutated to determine the
binding ability of two genes. .e results of the luciferase
reporter assay showed that the miRNA-9-5p could bind to
CXCR4-WTand decrease the fluorescence intensity, but the
mutated CXCR4 would not bind to miRNA-9-5p, and the
fluorescence intensity would not be affected by the amount
of miRNA-9-5p expression (Figure 2(a)). .ese results in-
dicate that CXCR4 is a target gene that is directly regulated
by miRNA-9-5p.

To identify the effects of miRNA-9-5p and CXCR4 on the
proliferation of cervical cancer cells, miRNA-9-5p inhibitor
and CXCR4 siRNA were transfected. .e results of CCK-8
showed that the cell viability of themodel groupwas increased
compared to the control group, and the miRNA-9-5p in-
hibitor significantly increased the cell viability of the hepa-
toma cells. Transfection of CXCR4 siRNA resulted in a
decrease in cell proliferation ability (Figure 2(b)). Low ex-
pression of miRNA-9-5p may promote cell proliferation by
regulating CXCR4 expression.

3.4. MiRNA-9-5p Inhibitor Could Increase the Expression of
CXCR4. Low expression of miRNA-9-5p can promote cell
proliferation, but themechanism of specific regulation of cell
proliferation is still unclear. To identify the influence of
miRNA-9-5p on the expression of CXCR4, the miRNA-9-5p
inhibitor and CXCR4 siRNA were transfected into the Hela
cells. .erefore, in every group, including CXCR4, PCNA,
and Ki67, this experiment detected miRNA-9-5p-related
gene expression by RT-PCR (Figure 3).

.e results showed that the expression of CXCR4 was
significantly increased in the model group compared to the
control group (P< 0.01). .e inhibitor significantly increased
the expression of CXCR4, and CXCR4 siRNA interfered with
the expression of CXCR4. .ese findings indicated that there
was a negative correlation betweenmiRNA-9-5p and CXCR4.
.e results from previous studies showed that the expression
changes of miRNA-9-5p and CXCR4 could affect the pro-
liferation of cells [9]. .erefore, we also examined the ex-
pression of PCNA and Ki67. .e results showed that the
proliferation of Hela cells was significantly enhanced com-
pared to the control group. Due to the low expression of
miRNA-9-5p, the inhibitor group significantly increased the
proliferation of cancer cells, indicating that the low expression
of miRNA-9-5p may lead to rapid cell proliferation; the
proliferation ability of siRNA group cells is significantly
higher than that of the model group and the inhibitor group.

Scientific Programming 3



.eabove results indicate that low expression ofmiRNA-9-5p
regulates cell proliferation and may be involved in the reg-
ulation of CXCR4 gene expression.

3.5. MiRNA-9-5p Inhibit the Proliferation of Hela Cells by
RegulatingCXCR4. In the above, we verified themechanism of
miRNA-9-5p inhibiting cell proliferation by regulating CXCR4
from the gene level, and then, western blot was also utilized to
verify the effect of miRNA-9-5p on proliferation-related protein
and CXCR4 protein expression (Figure 4). .e CXCR4 results
showed that the expression of CXCR4 protein was significantly
increased in the model group compared to the control group.
.e inhibitor group resulted in a decrease in the expression of
miRNA-9-5p and a decrease in the expression of CXCR4
protein. SiRNA also caused a decrease in the expression of
CXCR4 protein. .e results of PCNA and Ki67 protein were
consistent with the results of gene detection. .e above findings
indicate that the low expression of miRNA-9-5p can be utilized

as a biological marker of cervical cancer, and its low expression
can promote cell proliferation by up-regulating CXCR4 protein
expression. .erefore, treatment of cervical cancer can be
achieved by activating the miRNA-9-5p-consistent CXCR4
expression to inhibit cancer cell proliferation.

4. Discussion

Cervical cancer is the second most common reproductive
tract malignancy in women [20, 21]. Data show that China
has about 130,000 new cervical cancer cases every year,
accounting for one-third of new cases worldwide, and about
80,000 women die each year. Cervical cancer is also the
secondmost common cancer among women aged 15 to 44 in
China [22]. Globally, a new case is detected every minute,
and a woman dies of cervical cancer every two minutes. In
the early stages, because traditional therapies, such as sur-
gery, chemotherapy, and radiotherapy, have unsatisfactory
results and poor prognosis, cervical cancer has a low cure
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Figure 1: .e target genes regulated by miRNA-9-5p and the expression of miRNA-9-5p in cervical cancer patients. (a) .e target genes
regulated by miRNA-9-5p were detected among databases; (b) .e CXCR4 relative miRNAs were predicted by Cytoscape software. (c) .e
expression of miRNA-9-5p in patients of cervical cancer. ∗∗P< 0.01 vs. Control group.

Table 1: Comparison of general conditions between the two groups.

Project Model group Control group
Number 32 28
Male/Female 17/15 15/13
Ages 36–75 20–77
BMI (x± s), kg/m2 23.25± 1.17 22.32± 1.57
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rate. .erefore, the search for the cause of cervical cancer,
the early diagnosis of cervical cancer, and new therapeutic
targets are particularly important.

Studies have shown that a variety of factors can lead to
recurrence and metastasis of cervical cancer. miRNAs are
widely present in eukaryotic cells and have 22 to 23 nu-
cleotides in length [23–25]. .ey are highly conserved,
contribute to cell proliferation, differentiation, and apo-
ptosis, and play an important role in developing malignant
tumors. miRNAs account for only 1% to 3% of total genes
but can regulate more than 30% of gene expression. Ap-
proximately 50% of tumor tissues can detect miRNA ex-
pression, and the results are reproducible, indicating that
miRNAs may be closely related to the development of tu-
mors. .e expression of miRNAs is different in different
tumors, such as the up-regulation of miRNA-10b and
miRNA-21 in tumor tissues [26–28]. Targeting the expres-
sion of mRNA by miRNA is a novel molecular targeted
therapy. .e binding of miRNA to mRNA has comple-
mentary features, but it is not completely complementary.
By predicting whether miRNA and mRNA are bound by
related software, specific targets for antitumor therapy can
be found, and a variety of software with higher predictive
value can be utilized to simultaneously predict and analyze
possible outcomes. In this article, the target genes regulated
by miRNA-9-5p were predicted by TargetScan, DIANA,
miRmap, miRWalk, and miRsystem databases, and we
found that the five databases coexist, and the gene associated
with cervical cancer cell proliferation was the CXCR4 gene,
that we visualized through the Venn map.

Experimental studies have shown that CXCR4 can
promote tumor progression through direct and indirect
mechanisms. It mainly involves the following pathways: first,
CXCR4 can induce tumor cells to metastasize to CXCL12-
positive tissues and organs [29, 30] and thus cause the entry
of tumor cells into the bone marrow cell, which allows the
tumor cells to escape from the body’s immune killing effect,
which is beneficial to tumor survival and growth. Secondly,
the interstitial cell-derived CXCL12 itself stimulates the
survival and growth of neoplastic cells in a paracrine
manner. .ird, CXCL12 promotes tumor angiogenesis by
attracting endothelial cells to the tumor microenvironment
[31]. Moreover, data were also suggesting that increased
expression of functional CXCR4 is a precursor to many
tumors. Taken together, these findings suggest that CXCR4
plays an important role in the spread and progression of a
variety of tumors. .erefore, CXCR4 can be an effective
factor in the treatment of tumors.

In this study, the luciferase reporter assay was utilized to
verify the regulatory relationship between miRNA-9-5p and
CXCR4. .e results show that miRNA-9-5p has a direct
regulatory effect on CXCR4. Subsequently, we transfected
miRNA-9-5p inhibitor and CXCR4 siRNA in Hela cells and
found that miRNA-9-5p can be inhibited by the CCK-8 assay.
CXCR4 expression also inhibited cell proliferation. To further
verify this mechanism, we quantified the expression of pro-
liferation-related genes and proteins by RT-PCR and western
blot. .e results showed that the expression of the CXCR4
gene and protein was significantly increased in the model

group compared to the control group. .e miRNA-9-5p
inhibitor can significantly enhance the expression of CXCR4,
and with the low expression of miRNA-9-5p, the prolifera-
tion-related genes and proteins, PCNA and Ki67 were highly
expressed. .e above results indicate that miRNA-9-5p was
low. .e expression can promote cell proliferation, and
siRNA results indicated that blocking of the CXCR4 pathway
reverses the ability of miRNA-9-5p to promote cell prolif-
eration. .e above results indicate that miRNA-9-5p pro-
motes cell proliferation in cervical cancer by regulating the
CXCR4. .e above results are consistent with the aim of this
article. miRNA-9-5p can therefore be utilized as a biological
marker for cervical cancer to prevent cervical cancer and is of
great significance for treating cervical cancer.
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