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Summary

Purpose: The purpose of this study was to detect the differ-
entially expressed microRNA/miR-186-5p in cervical cancer
samples and to uncover its influence on the development of
cervical cancer.

Methods: Differentially expressed microRNA-186-5p was
detected in cervical cancer tissues and normal cervical tis-
sues. Its influences on clinical features and prognosis of
cervical cancer patients were analyzed. Requlatory effect of
microRNA-1806-5p on migratory potential in HeLa and C33-
A cells was examined. In addition, the target gene binding to
microRNA-186-5p was searched and its involvement in the
malignant development of cervical cancer was determined.

Results: MicroRNA-186-5p was downregulated in cervical
cancer patients, especially those with lymphatic metastasis

Introduction

Cancer incidence has gradually increased with
the development of the society and economy [1].
Breast cancer and cervical cancer are the most prev-
alent ones in females, which seriously threaten fe-
males’ health and even lives [2-4]. The incidence of
cervical cancer is much higher in Asia than in other
regions [5-7]. Compared with the last century, the
average age of cervical cancer cases at diagnosis
in China has been advanced by at least 13 years.
At present, the average age of diagnosing cervical
cancer in China is about 45 years, which is 10 years
earlier than non-Chinese women [7]. Squamous cell
carcinoma and adenocarcinoma are the cervical can-
cer with the highest incidence [8]. It is necessary

or distant metastasis. High metastasis rate and poor progno-
sis were seen in cervical cancer patients expressing a low level
of microRNA-1806-5p. Overexpression of microRNA-186-5p
inhibited migratory ability of cervical cancer cells. FZD3 was
the downstream gene binding to microRNA-186-5p, which
was upregulated in cervical cancer samples. Besides, it was
capable of reversing the role of microRNA-1806-5p in inhibit-
ing migratory ability of cervical cancer cells.

Conclusions: MicroRNA-186-5p is lowly expressed in cervi-
cal cancer samples, and it inhibits the metastasis in cervical
cancer cells by targeting FZD3.
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to clarify the pathogenesis and etiology of cervical
cancer, thus improving the prognosis [9-11].

MiRNAs are vital regulators in cancer develop-
ment [12,13]. They are able to mediate key genes
associated with cancer cell behaviors [14,15]. Ab-
normally expressed miRNAs have been identified
in different types of tumors [16-18]. These cancer-
associated miRNAs exert their biological functions
by binding downstream target genes [19,20]. Previ-
ous studies have shown that microRNA-186-5p is
lowly expressed in colorectal cancer and NSCLC
[21,22]. Here, we explored the potential role of
microRNA-186-5p and its downstream gene in in-
fluencing cervical cancer development.
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Methods

Cervical cancer patients and tissue samples

Cervical cancer tissues (n=72) and adjacent ones
(n=72) were collected during surgery. The average age
of included patients was (42+9.2) years old. All samples
were pathologically confirmed and staged based on the
FIGO standard, 2014. This study got approval by Ethics
Committee of West China Second Hospital of Sichuan
University and it was conducted after obtaining the in-
formed consent of each subject.

Cell lines and reagents

Cervical cancer cell lines (HeLa and C33-A) and
a human immortalized epidermal cell line (HaCaT)
were purchased from American Type Culture Collec-
tion (ATCC) (Manassas, VA, USA). Cells were cultured
in Dulbecco’s Modified Eagle Medium (DMEM) (Gibco,
Rockville, MD, USA) containing 10% fetal bovine serum
(FBS) (Gibco, Rockville, MD, USA), 100 U/mL penicillin
and 100 pg/mL streptomycin in a 5% CO, incubator at
37°C. Cell passage was conducted every 2-3 days.

Transfection

After cell culture to 60-70% confluence in 6-well
plates, they were transfected with plasmids constructed
by GenePharma (Shanghai, China), using Lipofectamine
3000 (Invitrogen, Carlsbad, CA, USA). Forty-eight h later,
cells were collected for the following use.

Transwell migration assay

A total of 200 pL of suspension (5.0x105/mL) and
500 pL of medium containing 10% FBS were added in
the upper and bottom of a Transwell chamber (Mil-
lipore, Billerica, MA, USA), respectively. Forty-eight h
later, fixed cells in the bottom were dyed with crystal
violet for 20 min. Migratory cell number was finally
counted in 5 fields that were randomly chosen in each
sample.

Wound healing assay

Cells were inoculated in 6-well plates and cultured
to 90% confluence. After creation of an artificial wound
in a cell monolayer, medium with 1% FBS was replaced.
Twenty-four h later, wound closure was captured for cal-
culating the percentage of wound healing.

Quantitative real-time polymerase chain reaction (qRT-PCR)

Extracted RNAs by TRIzol reagent (Invitrogen, Carls-
bad, CA, USA) were purified by DNase I treatment, and re-
versely transcribed into complementary deoxyribose nu-
cleic acids (cDNAs) using Primescript RT Reagent (TaKaRa,
Otsu, Japan). The obtained cDNAs underwent qRT-PCR
using SYBR®Premix Ex Tag™ (TaKaRa, Otsu, Japan). The
experiment for each sample was performed in triplicate,
and the relative level was calculated by 224 and normal-
ized to that of glyceraldheyde 3-phosphate dehydrogenase
(GAPDH) or U6. microRNA-186-5p: forward: 5’-ACACTC-
CAGCTGGGCAGCAGCACACT-3’, reverse: 5'-CTCAACTG-
GTGTCGTGGA-3’; UG: forward: 5-CTCGCTTCGGCAG-
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CACA-3’, reverse: 5’-AACGCTTCACGAATTTGCGT-3’;
FZD?3: forward: 5-GGGGTCTGAGGATAGCATTTCT-3’,
reverse: 5’-ACCACATTCCCAAACCACAGA-3’; GAPDH:
forward: 5’-GCACCGTCAAGGCTGAGAAC-3’, reverse:
5-ATGGTGGTGAAGACGCCAGT-3'.

Western blot

Cells were lysed for isolating proteins and elec-
trophoresed. Protein samples were loaded on polyvi-
nylidene fluoride (PVDF) membranes (Millipore, Biller-
ica, MA, USA). Subsequently, non-specific antigens were
blocked in 5% skim milk for 2 h. Primary and secondary
antibodies were applied for indicated time. Band expo-
sure and analyses were finally conducted.

Dual-luciferase reporter assay

Cells were pre-seeded in 24-well plates, and they
were co-transfected with NC mimic/microRNA-186-5p
mimic and FZD3-WT/FZD3-MUT, respectively. After 48 h
of cell culture, they were lysed for measuring luciferase
activity (Promega, Madison, WI, USA).

Statistics

SPSS 22.0 software (IBM, Armonk, NY, USA) was
used for data analyses. Data were expressed as mean
+ standard deviation. Differences between groups were
analyzed by the t-test. Chi-square test was conducted for
analyzing the relationship between microRNA-186-5p
level and clinical data of cervical cancer patients. Pear-
son correlation test was applied for assessing the cor-
relation between expression levels of microRNA-186-5p
and FZD3 in cervical cancer tissues. Kaplan-Meier curves
and log-rank test were used for survival analysis and

p<0.05 was considered as statistically significant.

Results

Downregulation of microRNA-186-5p in cervical can-
cer samples

Compared with normal ones, microRNA-
186-5p was lowly expressed in cervical cancer tis-
sues (Figure 1A). Included cervical cancer patients
were classified into two groups based on their
median level of microRNA-186-5p. It was shown
that microRNA-186-5p level was correlated with
the rates of lymph node metastasis and distant
metastasis, rather than the other clinical features.
Identically, a lower level of microRNA-186-5p
was seen in cervical cancer patients with lymph
node metastasis or distant metastasis than those
without metastases. MicroRNA-186-5p levels in
cervical cancer cell lines were lower than those in
human immortalized epidermal cell line (HaCaT)
(Figure 1B). Survival analysis illustrated that lowly
expressed microRNA-186-5p was unfavorable to
prognosis in cervical cancer. It is suggested that
microRNA-186-5p may be a promising hallmark
of cervical cancer.
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MicroRNA-186-5p inhibited the migratory ability of
cervical cancer cells

In vitro abundance of microRNA-186-5p was
similarly lower in cervical cancer cell lines. We
constructed microRNA-186-5p overexpression and
knockdown models in HeLa and C33-A cells, re-

>
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spectively (Figure 2A). Migratory cell number and
wound closure percentage decreased in HeLa cells
overexpressing microRNA-186-5p than those of
controls (Figure 2B and 2, left). Conversely, knock-
down of microRNA-186-5p enhanced the migratory
ability of C33-A cells (Figure 2B and 2C, right).
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Figure 1. Downregulation of microRNA-186-5p in cervical cancer samples. A: MicroRNA-186-5p levels in normal cer-
vical tissues and cervical cancer tissues. B: MicroRNA-186-5p levels in cervical cancer cell lines. Data were expressed

as mean+SD. **p<0.01, ***p<0.001.
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Figure 2. MicroRNA-186-5p inhibited migratory ability of cervical cancer cells. A: Transfection efficacy of microRNA-
186-5p mimic and inhibitor in HeLa and C33-A cells, respectively. B: Migration in HeLa and C33-A cells with microRNA-
186-5p overexpression or knockdown, respectively. C: Wound healing in HeLa and C33-A cells with microRNA-186-5p
overexpression or knockdown, respectively. Data were expressed as mean+SD. **p<0.01.
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MicroRNA-186-5p bound FZD3 binding sequences depicted, we constructed wild-
type and mutant-type FZD3 vectors. Overexpressed
microRNA-186-5p could decrease luciferase activ-
ity in FZD3-WT vector, verifying that FZD3 was the
downstream gene of microRNA-186-5p (Figure 3C).

Protein levels of FZD?3, N-cadherin, Vimentin,
B-catenin and MMP-9 were markedly downregu-
lated in HeLa cells overexpressing microRNA-
186-5p, while E-cadherin was upregulated. Trans-
fection of microRNA-186-5p inhibitor yielded the
opposite expression trends of the abovementioned
genes in C33-A cells (Figure 3A). Contrary to mi-
croRNA-186-5p, FZD3 was highly expressed in Subsequently, the potential functions of FZD3
cervical cancer tissues and negatively related to in cervical cancer development were explored.
microRNA-186-5p level (Figure 3B). As predicted Transfection efficacy of pcDNA3.1-FZD3 and si-

FZD3 abolished the requlatory role of microRNA-
186-5p in cervical cancer metastasis
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Figure 3. MicroRNA-186-5p bound to FZD3. A: Protein levels of FZD3, E-cadherin, N-cadherin, Vimentin, 3-catenin and
MMP-9 in HeLa and C33-A cells with microRNA-186-5p overexpression or knockdown, respectively. B: FZD3 levels in
normal cervical tissues and cervical cancer tissues. C: Binding sequences in the 3’'UTR of microRNA-186-5p and FZD3.
Luciferase activity in HeLa and C33-A cells co-transfected with NC mimic/microRNA-186-5p mimic and FZD3-WT/
FZD3-MUT, respectively. Data were expressed as mean+SD. *p<0.05, ***p<0.001.
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Figure 4. FZD3 abolished the regulatory role of microRNA-186-5p in cervical cancer metastasis. A: Transfection efficacy
of pcDNA3.1-FZD3 and si-FZD3 in HeLa and C33-A cells, respectively. B: Protein level of FZD3 in HeLa and C33-A cells
influenced by both microRNA-186-5p and FZD3. C: Migration in HeLa and C33-A cells influenced by both microRNA-
186-5p and FZD3. D: Wound healing in HeLa and C33-A cells influenced by both microRNA-186-5p and FZD3. Data were

expressed as mean+SD. **p<0.01.

FZD3 in HeLa and C33-A cells was tested, respec-
tively (Figure 4A, 4B). Interestingly, larger migra-
tory cell number and wound closure percentage
were observed in HeLa cells co-overexpressing mi-
croRNA-186-5p and FZD3 than those solely over-
expressing microRNA-186-5p (Figure 4C and 4D,
left). On the contrary, lower migratory ability was
found in C33-A cells with co-silenced microRNA-
186-5p and FZD3 compared with those transfected
with microRNA-186-5p inhibitor (Figure 4C and
4D, right).

Discussion

Genes transport genetic information from
the parent to offspring [23]. In the long process
of biological evolution, organisms are subject to
environmental changes, such as temperature and

geographic location. Some genes will adapt to the
environmental changes and finally survive. How-
ever, some are mutant because of external changes.
Accumulated mutations to a certain extent will fi-
nally result in qualitative changes and thus new
species are formed [23,24]. Highly conserved genes
during the continuous evolution are essential for
the basic life activities of organisms [24,25]. Pro-
tein-encoding genes are of significance, and non-
coding genes are also fundamental during biologi-
cal processes [25].

About one third of human genome can be regu-
lated by miRNAs. A complicated network involving
miRNAs and their target genes contributes to influ-
ence pathological events [12-15]. Abnormally ex-
pressed miRNAs have been identified in tumor pro-
filing [16-18]. Previous studies have shown the vital
regulation of microRNA-186-5p in tumors [21,22].
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Here, our findings showed that microRNA-186-5p
was downregulated in cervical cancer tissues. Its
level was negatively related to metastasis rate and
predicted a poor prognosis in cervical cancer pa-
tients. It is suggested that microRNA-186-5p may
be a tumor suppressor in cervical cancer. Moreover,
microRNA-186-5p remarkably inhibited the migra-
tory ability of cervical cancer cells. Transfection
of microRNA-186-5p mimic downregulated FZD3,
N-cadherin, Vimentin, 3-catenin and MMP-9, and
upregulated E-cadherin, indicating a potential in-
teraction between microRNA-186-5p and the FZD3
signaling.

FZD3 was confirmed to be the downstream
gene of microRNA-186-5p. The FZD3 gene is
a member of the Frizzled family, and it encodes
a frizzled (FZD) protein, which is a seven trans-
membrane protein with a structure similar to the
G protein-coupled receptor [26]. The extracellular
N-terminus of FZD3 protein has a cysteine-rich do-
main (CRD) [26,27]. It was uncovered in this study
that FZD3 was highly expressed in cervical cancer
samples, which was negatively correlated with mi-
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Conclusions
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promising therapeutic target for cervical cancer.

Funding acknowledgements

Key Laboratory of Birth Defects and Related Diseas-
es of Women and Children, Ministry of Education.

Conflict of interests

The authors declare no conflict of interests.

9. Dasari S, Wudayagiri R, Valluru L. Cervical cancer: Bio-
markers for diagnosis and treatment. Clin Chim Acta
2015;445:7-11.

10. Berti F, Salviano-Silva A, Beckert HC, de Oliveira KB,
Cipolla GA, Malheiros D. From squamous intraepithe-
lial lesions to cervical cancer: Circulating microRNAs
as potential biomarkers in cervical carcinogenesis.
Biochim Biophys Acta Rev Cancer 2019;1872:188306.

11. Malhone C, Longatto-Filho A. Cervical, Ovarian and
Endometrial Tumor Markers: Potential Clinical Value.
Semin Ultrasound CT MR 2019;40:350-7.

12. Tutar Y. miRNA and cancer; computational and ex-
perimental approaches. Curr Pharm Biotechnol
2014;15:420.

13. Weidle UH, Schmid D, Birzele F, Brinkmann U. Micro-
RNAs Involved in Metastasis of Hepatocellular Carci-
noma: Target Candidates, Functionality and Efficacy
in Animal Models and Prognostic Relevance. Cancer
Genomics Proteomics 2020;17:1-21.

14. Krol ], Loedige I, Filipowicz W. The widespread regula-
tion of microRNA biogenesis, function and decay. Nat
Rev Genet 2010;11:597-610.

15. Tiwari A, Mukherjee B, Dixit M. MicroRNA Key to An-
giogenesis Regulation: MiRNA Biology and Therapy.
Curr Cancer Drug Targets 2018;18:266-77.

16. Desmond BJ, Dennett ER, Danielson KM. Circulating
Extracellular Vesicle MicroRNA as Diagnostic Bio-
markers in Early Colorectal Cancer-A Review. Cancers
(Basel) 2019;12:52.



MicroRNA-186-5p inhibits metastasis of cervical cancer

683

17.

18.

19.

20.

21.

22.

Ghasemi S. Cancer’s epigenetic drugs: where are
they in the cancer medicines? Pharmacogenomics J
2020;20:367-79.

Zhang WC. MicroRNAs Tune Oxidative Stress in Can-
cer Therapeutic Tolerance and Resistance. Int J Mol
Sci 2019;20:6094.

Andres-Leon E, Cases I, Alonso S, Rojas AM. Novel
miRNA-mRNA interactions conserved in essential
cancer pathways. Sci Rep 2017;7:46101.

Sedaghat N, Fathy M, Modarressi MH, Shojaie A.
Identifying functional cancer-specific miRNA-mRNA
interactions in testicular germ cell tumor. ] Theor Biol
2016;404:82-96.

LiJ, Xia L, Zhou Z et al. MiR-186-5p upregulation in-
hibits proliferation, metastasis and epithelial-to-mes-
enchymal transition of colorectal cancer cell by target-
ing ZEB1. Arch Biochem Biophys 2018;640:53-60.
Wang H, Shen Q, Zhang X et al. The Long Non-Coding
RNA XIST Controls Non-Small Cell Lung Cancer Pro-

23.

24.

25.

26.

27.

liferation and Invasion by Modulating miR-186-5p. Cell
Physiol Biochem 2017;41:2221-9.

Holland PW, Marletaz F, Maeso I, Dunwell TL, Paps J.
New genes from old: asymmetric divergence of gene
duplicates and the evolution of development. Philos
Trans R Soc Lond B Biol Sci 2017;372:20150480.

Portin P, Wilkins A. The Evolving Definition of the
Term “Gene”. Genetics 2017;205:1353-64.

Gayon J. From Mendel to epigenetics: History of genet-
ics. C R Biol 2016;339:225-30.

Mo D, Jiang P, Yang Y et al. A tRNA fragment,
5’-tiRNA(Val), suppresses the Wnt/beta-catenin signal-
ing pathway by targeting FZD3 in breast cancer. Cancer
Lett 2019;457:60-75.

Li C, Nguyen V, Clark KN et al. Down-regulation
of FZD3 receptor suppresses growth and metasta-
sis of human melanoma independently of canonical
WNT signaling. Proc Natl Acad Sci U S A 2019;116:
4548-57.

JBUON 2021; 26(3): 683



