
Hindawi
BioMed Research International
Volume 2020, Article ID 2474235, 8 pages
https://doi.org/10.1155/2020/2474235
Research Article
miR-9, miR-21, miR-27b, and miR-34a Expression in
HPV16/58/52-Infected Cervical Cancer
Mi Liu ,1WeiWang,1Haixing Chen,1 Yi Lu,1Daisha Yuan,1 Yongjiu Deng,2 andDanlu Ran2

1Department of Clinical Laboratory, The Tumor Hospital of Guizhou Province, Guiyang, 550004 Guizhou, China
2Clinical Laboratory Medicine, Guizhou Medical University, Guiyang, 550004 Guizhou, China

Correspondence should be addressed to Mi Liu; 76412573@qq.com

Received 13 May 2020; Revised 2 September 2020; Accepted 4 September 2020; Published 17 September 2020

Academic Editor: Maria Stangou

Copyright © 2020 Mi Liu et al. This 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.

The aim of this study was to observe the expression of miR-9, miR-21, miR-27b, and miR-34a related with E6/E7 in HPV16-,
HPV52-, and HPV58-infected cervical cancer patients and explore their possible role in cervical cancer with HPV infection. The
expression levels of 4 miRNAs were detected in cervical exfoliated cells using qRT-PCR. In the current study, miR-34a
expression was significantly upregulated in HPV-positive cervical cancer compared with the HPV-negative healthy population
and HPV-positive CIN, but just the expression of miR-34a in HPV16 cervical cancer was statistically significant, and the
expression of HPV52 and HPV58 was not statistically significant. The expression of miR-21 increased in HPV-positive cervical
cancer compared with HPV-positive CIN, but only HPV16-infected cervical cancer had statistical significance compared with
HPV16-infected CIN. By observing the change trend of each subtype group, we can show that the expression of miR-9 in
HPV16 CIN was opposite to the other subtypes, and it was upregulated, compared with HPV58 CIN, and significantly
increased. The level change of miR-27b in HPV58 cervical cancer and HPV58 CIN was opposite to the other subtypes; unlike
the expression of miR-27b which was upregulated in HPV16 and HPV52 infected, it was downregulated compared with
Normal. We also found that the expression of miR-34a and miR-9 was contrary to other studies. These findings indicate that
the upregulated miR-21 expression may be a biomarker to distinguish between CC and CIN. miR-34a in HPV infection,
especially in HPV16 infection, might be related to the occurrence and development of cervical cancer. The infection of different
subtypes may play different roles in disease by activating different mechanisms; miRNAs play a very complex role in
tumorigenesis and development, and there may be multiple targets in which multiple mechanisms play a role.
1. Introduction

Cervical cancer (CC) is one of the most malignant tumors in
the world, with an estimated 570,000 new cases and 311,000
deaths of cervical cancer in 2018 worldwide [1]. As the China
National Cancer Center published, cervical cancer ranked
6th (6.25%) and 8th (3.96%), respectively, in female cancer
incidence and mortality in China in 2015 [2].

Persistent infection by high-risk human papilloma virus
(HR-HPV) is considered the major factor in the development
of cervical cancer and can be detected in 99.7% of cervical
squamous cell carcinomas [3]. The genetic instability and
the overall destruction of cell gene expression caused by the
abnormal expression of HPV E6 and E7 oncoproteins are
the important reasons in carcinogenesis [4, 5]. The protein
encoded by E6 and E7 can regulate the growth and replica-
tion of the virus and has the function of cell transformation.
E6 and E7 bind to the tumor suppressive p53 and pRb,
respectively, which leads to the inactivation of p53 and
pRb, destroys the normal regulation of cell proliferation
cycle, interferes with the function of p53 and pRb in inhibit-
ing cell division and proliferation, and finally leads to the
immortalization and sustained malignant proliferation of
cells. Recent studies have shown that abnormal increase of
E6 and E7 can regulate the transcriptional or posttranscrip-
tional of microRNAs (miRNA) [6–8]. Therefore, to study
miRNA related with E6 and E7, we can choose some poten-
tial therapeutic target and biomarkers for cervical cancer.

Although HPV16 and HPV18 are the main subtypes that
caused cervical cancer in many countries and regions [9],
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there are regional and ethnic differences in the distribution of
HPV subtypes infected with cervical cancer. HPV16, HPV18,
HPV33, HPV58, and HPV52 are the major oncogenic geno-
types of HPV-related cervical cancer in Asia [10–12].
HPV35, HPV16, and HPV31 are the major oncogenic geno-
types in Africa [13]. HPV16, HPV31, and HPV18 are the
most important cervical cancer-related genotypes in Europe
[14], while in South America they are HPV16 and HPV58
[15]. Studies have shown that the expression levels of miRNA
may be different with different HPV subtypes in cervical
cancer. Martinez et al. [6] compared the miRNA expression
between HPV16-positive cervical cancer cell line and HPV-
negative cell line; 24 miRNAs were downregulated, and 3
miRNAs were upregulated. The HPV18-positive cell line
had 14 downregulated miRNAs, 6 of which were different
from the HPV16-positive cell line; 13 miRNAs were upregu-
lated, 11 of which were different from the HPV16-positive
cell line. Gunasekharan and his colleagues analyzed the
HPV31-transfected human foreskin keratinocytes and
normal cells from the same donor and found that the expres-
sion of 55 kinds of miRNAs was inhibited and 38 kinds of
miRNAs were increased [7].

The Guizhou Province of China is a multiethnic gather-
ing community with mountainous plateau and humid
climate. The common subtypes of cervical cancer infected
by HPV are different from other regions. In the previous
study of our team, we found that HPV subtypes of cervical
cancer patients ranked in the top three are HPV16, HPV52,
and HPV58 in the Tumor Hospital of Guizhou Province
[16], similar to those in southern China and different from
those in northern China, Europe, and the United States.
The aim of this study was to observe the expression of four
miRNAs (miR-9, miR-21, miR-27b, and miR-34a) related
with E6/E7 in HPV16-, HPV52-, and HPV58-infected cervi-
cal cancer patients and explore their possible role in cervical
cancer with HPV infection.
2. Materials and Method

2.1. Patients and Sample. 116 cervical exfoliated cells from
patients with HPV16, HPV52, and HPV58 infection were
collected as the study population in the Tumor Hospital of
Guizhou Province from December 2016 to March 2019,
including 75 cervical cancer (CC) patients (mean age 50:2
± 10:1) and 41 cervical intraepithelial neoplasia (CIN)
patients (mean age 44:6 ± 9:9), grouping according to patho-
logical diagnosis and HPV genotyping, and untreated at the
time of the study. At the same time, 33 cervical exfoliated
cells from HPV-negative healthy people were collected as
control (Normal) (mean age 42:7 ± 7:1). Samples were
collected in cervical exfoliated cell preservation solution
(Kaipu Biotechnology Co., Guangdong, China). All the clin-
ical samples were immediately frozen and stored at −80°C for
further studies. This study was approved by the ethics com-
mittee of the Tumor Hospital of Guizhou Province, and
exemption of informed consent was applied according to
the technical guidelines of clinical trials of in vitro diagnostic
reagents in China.
2.2. HPV Typing. HPV genotypes were detected by flow
through hybridization and low-density microarray (Hybri-
bio, Chaozhou, China). The test can detect 21 types, includ-
ing 15 HR-HPV types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 53,
56, 58, 59, 66, and 68; and 5 low-risk types: 6, 11, 42, 43,
44, and cp8304 (81).

2.3. RNA Extraction and Quantitative Real-Time PCR (qRT-
PCR). Small RNAs were extracted from cervical exfoliated
cells using RNAiso Plus reagent (Takara, Shiga, Japan). Small
RNA was reversed transcribed to cDNA using Mir-X miRNA
First-Strand Synthesis Kit (Clontech, Takara, Japan). Real-
time PCR for miRNA expression was performed using SYBR
green I mix (Clontech, Takara, Japan), and U6 was used as
an endogenous control to normalize miRNA expression. All
tests followed the manufacturer’s instruction. The specific
primers for miR-9 (miR-9-5P), miR-21 (miR-21-5P), miR-
27b (miR-27b-5P), and miR-34a (miR-34a-5P) are from
GeneCopoeia (Guangzhou, China). The relative expression
levels of each sample were measured using the 2−ΔΔCt method
and normalized to a control (2−ΔΔCt = 2–½ðmiRNAsCt of

experimental group–U6Ct of experimental groupÞ−ðmiRNAs
Ct of control group−U6Ct of control groupÞ�). All qPCR
assays were performed on an Applied Biosystems 7500 system
(Applied Biosystems, Warrington, UK).

2.4. Statistical Analysis. All data were expressed as mean ±
standard deviation (SD). Statistical analysis was performed
using IBM SPSS 20.0 (SPSS, Chicago, IL, USA), and the Graph-
Pad Prism 6 (GraphPad Software, San Diego, CA, USA) was
used to draw a graph. The comparison between groups was
detected by two independent samples t-test, and a value of P
< 0:05 was considered statistically significant.

3. Results

3.1. Expression of Four miRNAs in HPV-Infected Cervical
Cancer. Compared with Normal, the expression of miR-9 in
CC and CIN decreased, but the difference was not statistically
significant (P > 0:05) (Figure 1(a)). Compared with Normal,
the expression of miR-21 increased in CC and decreased in
CIN, but the difference was not statistically significant
(P > 0:05) (Figure 1(b)); further comparison between CC
and CIN of miR-21 showed that the expression in CC signifi-
cantly increased compared with CIN (2.257-fold, P = 0:018)
(Figure 1(b)). The expression of miR-27b in CC and CIN
increased compared with Normal, but the difference was not
statistically significant (P > 0:05) (Figure 1(c)). The expression
of miR-34a in CC was upregulated compared with CIN and
Normal (4.141- and 2.466-fold, P = 0:004 and 0.021, resp.)
(Figure 1(c)). The results are shown in Table 1 and Figure 1.

3.2. Expression of Four miRNAs in Cervical Cancer Infected
with Three Different Subtypes of HPV. In order to understand
whether there are differences in 4 miRNA expression in
HPV16-, HPV52-, and HPV58-infected cervical cancer,
depending on the type of infection, 75 cervical cancer
patients were divided into HPV16 CC (n = 44, mean age
49:5 ± 9:6), HPV52 CC (n = 16, mean age 48:4 ± 9:0), and
HPV58 CC (n = 12, mean age 54:8 ± 12:6). Compared with
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Figure 1: Expression of four E6/E7-related miRNAs in CC and CIN. (a) Relative miR-9 expression in CIN and CC. (b) Relative miR-21
expression in CIN and CC. (c) Relative miR-27b expression in CIN and CC. (d) Relative miR-34a expression in CIN and CC. ns: the
difference was not statistically significant.

Table 1: Quantitative real-time PCR (qRT-PCR) data analysis of four E6/E7-related miRNAs.

n miR-9 miR-21 miR-27b miR-34a

Compared with Normal 2–ΔΔCt (P value)

CC 75 0.632 (0.248) 1.593 (0.238) 1.698 (0.238) 2.466 (0.021)∗

CIN 41 0.610 (0.237) 0.706 (0.313) 1.397 (0.526) 0.596 (0.251)

Compared with CIN

CC 33 1.026 (0.957) 2.257 (0.018)∗ 1.216 (0.677) 4.141 (0.004)∗∗

∗P < 0:05; ∗∗P < 0:01.
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Normal, except for the expression of miR-34a in HPV16 CC
that increased (3.609-fold, P = 0:005) (Figure 2(d)), the
expression of other miRNAs in 3 sorts of HPV-infected
cervical cancer was not statistically significant; there was no
significant difference in the expression of 4 miRNAs among
the 3 subtypes. By observing the change trend of each subtype
group, we can show that most of the subtype groups and CC
were similar, but the change trend of miR-27b in HPV58 CC
was opposite to the overall trend, showing a downregulation
compared with Normal, despite not being statistically
significant.
41 CIN patients were divided into HPV16 CIN (n = 15,
mean age 41:9 ± 10:6), HPV52 CIN (n = 15, mean age 49:5
± 8:8), and HPV58 CIN (n = 11, mean age 41:6 ± 8:5). The
expression of miR-9 in HPV58 CIN significantly decreased
compared with Normal (0.020-fold, P = 0:003) (Figure 2(a)).
The change trend of HPV16 CIN was opposite to the whole,
and its expression was upregulated, and compared with
HPV58 CIN, it significantly increased (5.476-fold, P = 0:034)
(Figure 2(a)). The expression of miR-21 decreased in
HPV16, HPV52, and HPV58 CIN, which were consistent with
the overall trend, but there was no significant difference. But
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Figure 2: Expression of four E6/E7-related miRNAs in different HPV subtypes. (a) Relative miR-9 expression in HPV subtype groups. (b)
Relative miR-21 expression in HPV subtype groups. (c) Relative miR-27b expression in HPV subtype groups. (d) Relative miR-34a
expression in CIN and CC. ns: the difference was not statistically significant.
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the expression of miR-21 in HPV16 CC was 3.612-fold higher
than HPV16 CIN (P = 0:028) (Figure 2(b)). There was no
significant difference in the expression of miR-27b in the three
subtype groups compared with Normal. However, similar to
the HPV58 CC, the change trend of miR-27b in the HPV58
CIN was opposite from the overall trend, which showed down-
regulation compared with Normal. The expression of miR-34a
in the three subtype groups showed a downward trend
compared with Normal, but the difference was not statistically
significant. The results are shown in Figure 2 and Table 2.

4. Discussion

Cervical cancer is one of the malignancies that threaten the
health of women, and early diagnosis and therapy may
improve the survival rate. HPV-DNA typing is one of the
indicators for cervical cancer screening; however, this test
just shows whether there is HPV infection and cannot be
used for the diagnosis of cervical cancer. Therefore, it is
valuable to search some potential therapeutic targets and
biomarkers for cervical cancer.

HR-HPV infection is the main cause of cervical cancer. It
has been shown that the integration of the viral genome into
the host chromosome may reflect E6/E7-mediated genomic
instability. E6 can lead to the ubiquitination of tumor
suppressor p53 and the degradation of PDZ [17]. The combi-
nation of E7 and pRb may inhibit E2F activity and lose anti-
tumor effect [18]. These complex interactions between E6/E7
and transcription factor can induce the expression of
miRNA, and miRNA binds to its mRNA targets with a high
complementarity, regulating the protein function, thus
affecting the occurrence, development, metastasis, and prog-
nosis of HPV-related cervical cancer [19]. Multiple studies
have shown that miRNA expression is different in cervical
cancer tissues and cells, considering it a potential therapeutic
target and biomarker of cervical cancer [20, 21].

There are many subtypes of HPV, the main infection
subtypes in different regions are different, and the expression



Table 2: qRT-PCR data analysis of E6/E7-related miRNAs in different HPV subtypes.

miR-9 miR-21 miR-27b miR-34a

Compared with Normal 2–ΔΔCt (P value)

HPV16 CC (n = 44) 0.809 (0.668) 1.892 (0.106) 2.360 (0.072) 3.609 (0.005)∗∗

HPV52 CC (n = 16) 0.438 (0.233) 1.025 (0.964) 1.409 (0.586) 1.708 (0.502)

HPV58 CC (n = 12) 0.418 (0.096) 1.523 (0.448) 0.651 (0.515) 0.996 (0.993)

HPV16 CIN (n = 15) 1.096 (0.860) 0.524 (0.194) 3.166 (0.076) 0.907 (0.893)

HPV52 CIN (n = 15) 0.792 (0.630) 0.850 (0.692) 1.246 (0.721) 0.315 (0.133)

HPV58 CIN (n = 11) 0.200 (0.003)∗∗ 0.822 (0.689) 0.534 (0.563) 0.801 (0.662)

Comparison between groups

HPV16 CC vs. HPV52 CC 1.848 (0.444) 1.847 (0.305) 1.675 (0.433) 2.113 (0.323)

HPV16 CC vs. HPV58 CC 1.937 (0.443) 1.242 (0.735) 3.623 (0.074) 3.625 (0.099)

HPV52 CC vs. HPV58 CC 1.048 (0.956) 0.673 (0.656) 2.163 (0.399) 1.716 (0.596)

HPV16 CIN vs. HPV52 CIN 1.384 (0.648) 0.616 (0.413) 2.541 (0.276) 2.883 (0.283)

HPV16 CIN vs. HPV58 CIN 5.476 (0.034)∗ 0.637 (0.524) 5.926 (0.125) 1.132 (0.891)

HPV52 CIN vs. HPV58 CIN 3.957 (0.054) 1.034 (0.948) 2.333 (0.441) 0.393 (0.315)

HPV16 CC vs. HPV16 CIN 0.739 (0.703) 3.612 (0.028)∗ 0.745 (0.661) 3.979 (0.067)

HPV52 CC vs. HPV52 CIN 0.553 (0.454) 1.206 (0.785) 1.130 (0.884) 5.429 (0.108)

HPV58 CC vs. HPV58 CIN 2.088 (0.309) 1.854 (0.440) 1.219 (0.866) 1.243 (0.784)
∗P < 0:05; ∗∗P < 0:01.
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of miRNAs in different subtypes is also different. Four miR-
NAs (miR-9, miR-21, mir-27b, and miR-34a) that are related
to E6/E7 were selected, and their expression was analyzed in
cervical cancer patients infected with HPV16, HPV52, and
HPV58, which are the most common HPV subtypes in
cervical cancer patients in the Tumor Hospital of Guizhou
Province, and their possible role in cervical cancer with
HPV infection was explored.

The abnormal expression of miR-9 plays an important role
in the occurrence and development of cervical cancer by affect-
ing the metabolism of tumor cells such as ATPase activity,
radical group transfer enzyme metabolism, and glutamine
amino acid metabolism [22]. The activity of miR-9 was related
to the transcription of HPV E6/E7; they could induce the
activation of miR-9 which led to the significant increase of cell
migration by upregulating multiple gene targets [23]. Studies
showed that miR-9 expression significantly increased in
HPV-positive cervical cancer tissues [24]. However, some stud-
ies have shown opposite results. Wan and Zhang’s [25]
research pointed out that the content of miR-9 in HPV-
positive cervical cancer was significantly downregulated than
that in HPV-negative cervical cancer patients and analyzed that
miR-9 was targeted at the protooncogene; when the level of
miR-9 targeted at the protooncogene decreased, it would lead
to the increase of protooncogene expression and then cause
the occurrence and development of cervical cancer. The study
showed that the expression of miR-9 in HPV-positive cervical
cancer and CIN decreased compared with the HPV-negative
healthy population, and the change trend was similar to that
of Wan and Zhang, though the difference was not statistically
significant. The expression of miR-9 in HPV58-infected CIN
also significantly decreased compared with that in HPV-
negative healthy population. Unlike HPV52 and HPV58, the
expression of HPV16-infected CIN was upregulated, which
was significantly higher than that of HPV58-infected CIN.
The results suggest that the expression of miR-9 was different
in different HPV subtypes of infection, and their roles may be
different in different subtype-infected cervical diseases. When
HPV58 infects the cervical cells, it may promote the occurrence
and development of CIN by downregulating miR-9.

miR-21 is a tumor growth regulator, which plays an
important role in tumor angiogenesis, invasion, and metasta-
sis. It is highly expressed in many cancers and is considered
to have a carcinogenic effect [26, 27]. Yao and Lin [28]
reported that miR-21 was upregulated in cervical cancer
patients with HPV infection, suggesting that HPV infection
induces carcinogenesis probably through altering expression
of some oncomiRs such as miR-21; miR-21 could be used as
an oncogene in cervical cancer, and HPV16 E6 and E7
oncoproteins are involved in this process. The study showed
that the expression of miR-21 was upregulated in HPV-
positive cervical cancer, and the change trend was consistent
with the above study, but the difference was not statistically
significant. Unlike with cervical cancer, miR-21 expression
was downregulated in HPV-positive CIN. The miR-21
expression in HPV-positive CC increased 2.266-fold
compared with that in CIN. Also, the miR-21 expression in
HPV16-positive CC increased 3.618-fold compared with that
in HPV16-positive CIN. Although the expression of miR-21
in HPV52- and HPV58-infected cervical cancer was also
higher than that in CIN infected with the same type, the
difference was not statistically significant. The results
indicate that the expression of miR-21 is different in cervical
cancer and CIN, which may be a biomarker to distinguish
cervical cancer and CIN, especially in HPV16-infected
cervical cancer, and miR-21 may play an important role.

miR-27 family can be divided into two subtypes: miR-27a
and miR-27b. miR-27b can regulate the budding and
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proliferation of endothelial cells in vitro and promote the
angiogenesis in vivo. For the role of miR-27b in tumor, differ-
ent studies show different results. Some studies have shown
that miR-27b inhibits tumor progression and angiogenesis
in colorectal cancer by targeting VEGFC. Other studies
showed that miR-27b could promote the proliferation and
invasion of breast cancer cells by inhibiting the expression
of ST-14. miR-27b upregulated by HPV16 E7 promotes
proliferation and suppresses apoptosis by targeting polo-
like kinase2 in cervical cancer [29]. In this study, the expres-
sion of miR-27b in HPV-positive cervical cancer was higher
than that in HPV-positive CIN and HPV-negative healthy
population, but the difference was not statistically significant.
Interestingly, the expression of miR-27b of HPV58-infected
cervical cancer and CIN was downregulated, which was
different from other subtypes. It indicated that the role of
miR-27b in HPV58-infected cervical diseases may be differ-
ent from other subtypes and deserves further study.

miR-34a is a classical tumor suppressor gene [30, 31]. The
expression of miR-34a can be significantly increased by activat-
ing p53 pathways and then play a role in inhibiting tumor [32,
33]. Many studies have confirmed the decrease of miR-34a
expression in HPV-infected cervical cancer tissue and cancer
cells [34, 35]. Researchers found the decreased expression of
miR-34a in HPV16+ cell compared with HPV18+ cell and
HPV-negative cell, used HPV18+ HeLa cells to verify the rela-
tionship between E6/E7 and miR-34a and p53, and found that
the cells expressing E7 had S-phase interruption, and only the
tumor suppressor gene expressed in E6 cells was inhibited.
Their study showed that abnormal expression of E6 in cervical
cancer would inhibit miR-34a expression and then inhibit the
expression of p53 and promote the development of tumor
[36, 37]. However, Ribeiro et al. [38] showed the opposite
results. They tested the cervical cells of patients and showed that
the expression of miR-34a was significantly higher than that of
uninfected people, which was contrary to the results of most cell
lines. Our study showed that the expression of miR-34a in
HPV-positive cervical cancer patients was significantly upregu-
lated than that in HPV-positive CIN patients and HPV-
negative healthy population (2.930- and 2.987-fold, resp.), and
the expression of miR-34a in HPV16+ cervical cancer patients
also significantly increased than that in HPV16+ CIN patients.
The results were similar to those of Ribeiro et al. It is suggested
that miR-34a may have other mechanisms in the occurrence
and development of cervical cancer and its expression level
may change in different stages of the disease. Some researchers
believe that the inhibition of miR-34a expression may be an
early event in the development of cervical cancer [39]. With
the development of the disease, some other pathways, such as
the cellular repair mechanisms, may be activated after viral
infection, which would activate p53 pathways and induce the
expression of miR-34a [38]. Therefore, it is worth performing
more studies on miR-34a levels and finding out other mecha-
nisms besides the p53-associated pathways, which are able to
affect the level change of miR-34a in HPV-infected cervical
cancer, especially in HPV16 infected.

In conclusion, our study showed that the expression of
some miRNAs was abnormal in HPV-positive cervical
cancer. The upregulated expression of miR-21 may be a
biomarker to distinguish cervical cancer and CIN, while the
upregulation of miR-34a in HPV infected, especially in
HPV16 infected, may be related to the occurrence and devel-
opment of cervical cancer. Although there was no significant
difference in the expression of four miRNAs in cervical can-
cer patients with different HPV subtypes, the trend of the
miRNA levels in different subtypes is not the same. The
expression of miR-9 in HPV16 CIN was opposite to the other
subtype, and it was upregulated; compared with HPV58 CIN,
it significantly increased. The expression of miR-27b
decreased in HPV58, while it increased in HPV16- and
HPV52-infected cervical cancer. It was suggesting that infec-
tion of different subtypes may play different roles in disease
by activating different mechanisms. We also found that the
expression of miR-34a is significantly upregulated and miR-
9 is downregulated in HPV-positive cervical cancer, which
was contrary to other studies. It shows that miRNAs play a
very complex role in tumorigenesis and development, and
there may be multiple targets in which multiple mechanisms
play a role. Therefore, there is still a lot of research work to be
done in the selection of potential therapeutic target and
clinical biomarkers.
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