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miR-17-5p accelerates cervical cancer cells migration
and invasion via the TIMP2/MMPs signaling cascade
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Abstract Cervical cancer (CC) is a common gyne-
cological tumor, ranking second in the female repro-
ductive system tumor. The work aims to study the
function of miR-17-5p in the occurrence and patho-
genesis of CC. We collected 36 cases of CC tissues for
clinical analysis, and two CC cell lines (C33a and
HCC94) were obtained for cellular analysis. As
expected, the up-regulated miR-17-5p and down-
regulated TIMP2 were detected in CC tissues and cell
lines by RT-qPCR, in contrast with their normal
counterparts. Then, overexpression of miR-17-5p
significantly increased the CC cells viability and
colonies formation abilities. Moreover, the Transwell
analysis revealed that miR-17-5p promoted the capa-
bility of invasion and migration. Meanwhile, the
expression levels of MMP2 and MMP9 was inhibited
by the inhibition of miR-17-5p. The luciferase analysis
demonstrated that TIMP2 was the target of miR-17-
Sp. In addition, cell proliferation, invasion and
migration in HCC94 cells were repressed by silencing
miR-17-5p, which were reversed by TIMP2
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knockdown. In summary, all results indicated that
miR-17-5p targeted TIMP2 to modulate CC cells’
proliferation, invasion and migration through MMPs
signaling pathway; and the miR-17-5p/TIMP2/MMPs
signaling pathway had the potential to become a
therapeutic target of CC for clinical utilization.
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Introduction

Cervical cancer (CC) originates from human papillo-
mavirus infection of normal cervical epithelium,
developing to cervical intraepithelial neoplasia and
further into invasive squamous cell carcinoma. (Far-
choukh et al. 2020; Kumar et al. 2020; Ono et al.
2020). CC is still the world’s second-ranked gyneco-
logical tumor and causes high mortality in developing
countries’ female (Asgary et al. 2020; Siegel et al.
2020). MicroRNAs (miRNAs) participated in modu-
lating cell cycle disorders of cervical squamous cells,
changes in invasion ability and epithelial cell trans-
formation and other processes to promote the occur-
rence and development of CC, which may become
early diagnostic and prognostic biomarker for
CC(Banno et al. 2014; Tornesello et al. 2020).
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MiRNAs are regulators of post-transcriptional
levels, inhibiting the translation of mRNA or catalyze
the cleavage of mRNA to prevent the expression of
target mRINA (Farazi et al. 2013; He et al. 2020). miR-
17-5p is a member of miR-17-92 cluster (Wei et al.
2012; Wong et al. 2010), which usually involved in
dysregulated physiological processes in cancer(Shen
et al. 2019). miR-17-5p has tissue specificity in CC
patients and served as possible marker for early
detection, predicting prognosis and monitoring their
response to treatment in CC patients (Agrawal et al.
2018; Hasanzadeh et al. 2019; Shukla et al. 2019).
Previous research found that miR-17-5p boosted CC
cell growth and invasion (Cai et al. 2018). However,
the underlying mechanism of miR-17-5p affecting the
growth and metastasis of CC cell is not very clear.

Therefore, this study determined miR-17-5p levels
in the CC tissues and cells and explored the possible
molecules of miR-17-5p on the proliferation, migra-
tion and invasion of CC cells through miR-17-5p
overexpression and suppression and target gene loss
experiments for providing a new enlightenment for
miR-17-5p as potential target of CC therapy.

Materials and methods
Clinical sample collection

The 36 patients (age range, 51-75 years) with CC
came to the Second People’s Hospital of China Three
Gorges University to receive surgical removal of the
tumor tissue and had never received radiotherapy or
chemotherapy before the operation. According to the
International Federation of Obstetrics and Gynecol-
ogy, the cases of patients’ tumor stage I-II and ITI-TV
were 14 and 22, respectively. Total of 36 pairs CC
samples were obtained and stored in liquid nitrogen.
This study had been approved by the Research Ethics
Committee of the Second People’s Hospital of China
Three Gorges University. All patients signed a written
informed consent form.

Cell culture and transfection
C33a, HCC94 and ECTI1/E6E7 cell lines were
purchased from the Cell Bank of Type Culture

Collection of the Chinese Academy of Sciences. All
cells were grown in DMEM (Hyclone; Logan, UT,
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USA) containing 10% FBS (AusGeneX; AUS) at
37 °C cell incubator with 5% CO2. Mimics, inhibitor
of miR-17-5p and small interfering RNA of TIMP2
(si-TIMP2) were bought from GenePharma (Shang-
hai, China). Lipofectamine 3000 (Invitrogen; Thermo
Fisher Scientific, Inc.) was used to transfected mimics,
inhibitor, si-TIMP2 into C33a and HCC94 cell for
24 h respectively.

CCK-8 assay

Cell viability was evaluated by CCK-8 kit (Beyotime
Institute of Biotechnology) following the manufac-
turer’s manual. Briefly, 100 pl of cell suspension was
added in 96-well plate and added sterile PBS to the
wells around the wells where the cells are added. The
culture plate was incubated in an incubator for 0, 24,
48, 72 h. Then 10 pl CCK-8 was added to each well
for 4 h. The absorbance at 450nm was measuredwith a
microplate.

Colony formation assay

The 6 well plate was planted with the transfected cells,
and it was cultured in the incubator for 1 week. After
the culture medium was discarded, each well was
washed three times with PBS. The cells in each well
were fixed with 4% paraformaldehyde for 20 min and
then stained with Gimsa for 15 min. Finally, the cells
were gently washed with running water, and the
colony formation units were calculated under the
microscope. The number of cells in each clone was
more than 50.

Transwell assay

Matrigel (BD Biosciences, USA) was used to pre-coat
24-well Transwell chamber (Corning Inc., Corning,
NY, USA) for the Transwell invasion test, and
migration assay did not pre-coat up-chamber. The
serum-free DMEM medium was used to dilute trans-
fected cells. Cells were added into upper chamber and
DMEM with 10% FBS was added to lower chamber.
After 48 h of incubation, 4% paraformaldehyde and
0.1% crystal violet were used to treat the cells on the
bottom of the upper chamber respectively. Six random
fields of view were selected to count the cells under the
microscope.
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RT-qPCR boiled to denature, SDS-PAGE was performed. Then

TRizol reagent extracted total RNA from tissues and
cells. MiRNA reversal reagent ( by stem-loop method)
and common RNA reversal reagent were used to
obtain miR-17-5p and gene cDNA respectively. gPCR
reagent (by SYBR dye method) was used for three-
step amplification PCR. Finally, the relative expres-
sion level was calculated according to the 2744t
method. The calibration internal reference of miR-17-
Sp was U6; GAPDH was served as internal reference
to normalize the expression of TIMP2, MMP2 and
MMP9 mRNA.

Western blot

The protein lysate was formulated with RIPA, PMSF
and protease inhibitors, which was used to extract total
protein from CC tissues and cells. The protein
concentration was measured using the BCA protein
quantification kit. After the protein was diluted and

cut the gel to transfer the membrane. The primary
(TIMP2, MMP2, MMP9 and GAPDH) and secondary
antibodies were used to incubate the membrane in
turn. Finally, the protein bands were displayed under
the ECL chemiluminescence solution.

Dual-luciferase reporter assay

Online predictions from the starBase and TargetScan
websites found that miR-17-5p and TIMP2 had base
complementary pairing regions. The wild type (WT)
and mutant (Mut) type of 3’UTR of TIMP2 mRNA
were amplified by PCR. The WT- and Mut- fragments
and psi-CHECH2 were both digested with double
restriction enzymes and inserted into the luciferase
reporter plasmid with T4 ligase. Lipofectamine 3000
reagent was used to co-transfect mimics/mimics NC
and WT-TIMP2/Mut-TIMP2 plasmids into HEK293T
cells for 24 h. Finally, the activity of firefly luciferase
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Fig.2 Overexpressed miR-17-5p promoted proliferation in CC
cells. A RT-qPCR was hired to measure miR-17-5p expression
levels after transfected mimics/inhibitor into C33a and HCC94
cells. B The cell proliferation was evaluated using CCK-8 assay
after transfected C33a cells with mimic or mimics NC. C The

and Renilla luciferase was measured with a dual
luciferase detection kit.

Statistical analysis

GraphPad Prism 7.0 software was performed to
statistically analyze data which were expressed as
mean + SEM. Paired Student’s #-test was hired to
compare the levels of miR-17-5p and TIMP2 in CC
tissues and normal tissues. Unpaired Student’s z-test
and one-way ANOVA was used to compare differ-
ences between groups. P < 0.05 was recognized as
significant difference.

Results

miR-17-5p was increased, while TIMP2
was reduced in CC tissues and cells

To investigate miR-17-5p and TIMP2 mRNA levels of

in CC tissues and cells, RT-qPCR was performed to
detect. miR-17-5p in CC patient tissues was much
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cell viability was assessed by CCK-8 assay after inhibition of
miR-17-5p on HCC94 cells. D The colony formation ability of
CC cells was detected by colony formation assay after
transfection. *p < 0.05; **p < 0.01

higher than adjacent tumor tissues (Fig. 1A), while
miR-17-5p similarly rise in C33a and HCC94 con-
trasted to that of ECT1/E6E7 cells (Fig. 1B). How-
ever, TIMP2 mRNA level was greatly suppressed in
CC tissues and cell lines (Fig. 1C, D). Western blot
confirmed that TIMP2 protein levels in CC patient
tissues were much lower than adjacent tumor tissues
(Fig. 1E), and TIMP2 protein was similarly sup-
pressed in the two CC cell lines (C33a and HCC94)
(Fig. 1F).

miR-17-5p promoted CC cells’ growth

Overexpression or silencing of miR-17-5p on C33a
and HCC94 cells was set up to investigate the role of
miR-17-5p on proliferation. The efficiency of overex-
pressed or inhibited miR-17-5p was determined,
which confirmed that miR-17-5p mimics obviously
up-regulated miR-17-5p level in C33a cells, while
miR-17-5p expression was repressed on HCC94 cells
transfected with inhibitor (Fig. 2A). Detection of cell
viability by CCK-8 displayed that C33a cells viability
was significantly increased by miR-17-5p (Fig. 2B),
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Fig. 3 Inhibition of miR-17-5p suppressed migration and
invasion of CC cells. A The capabilities of cell migration and
invasion was examine by Transwell assay after overexpression
of miR-17-5p on C33a cells, and inhibition of miR-17-5p on

but it could accelerate cell growth after being inhibited
on HCC94 cells (Fig. 2C). Colony formation analysis
once again confirmed that miR-17-5p promoted cell
proliferation (Fig. 2D).
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HCC94 cells (B). C, D RT-qPCR was hired to measure the
expression levels of MMP2 and MMP9 mRNA on C33a and
HCC94 cells. E, F Western blot was hired to measure MMP2
and MMP?9 protein expression levels. **p < 0.01

Inhibition of miR-17-5p repressed invasion
and migration in CC cells

Transwell analysis was used to assess the function of

miR-17-5p on CC metastasis. As displayed in Fig. 3A,
cell migration and invasion capabilities in mimics
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Fig. 4 miR-17-5p directly targeted TIMP2. A Complementary
pairing site in the seed sequence of miR-17-5p with the 3’-UTR
of TIMP2 transcript. B The luciferase assay was employed to
verify the targeting relationship between miR-17-5p and

group was significantly enhanced compared to the
mimics NC group. miR-17-5p silencing drastically
suppressed migration and invasion on HCC94 cells
(Fig. 3B). In addition, MMP2 and MMP9 mRNA
levels in mimics group was higher than those in
mimics NC group in C33a cells (Fig. 3C). However,
the mRNA levels of MMP2 and MMP9 were strongly
hindered on HCC9 cells transfected with inhibitor
(Fig. 3D). The same result occurred on the expression
of MMP2 and MMP9 proteins (Fig. 3E, F).

miR-17-5p directly targeted TIMP2

To further explore the molecular mechanism of miR-
17-5p on CC cells, the downstream target genes of
miR-17-5p was predicted by bioinformatics software.
As illustrated in Fig. 4A, miR-17-5p bind to TIMP2
mRNA. To verify whether miR-17-5p targeted a
TIMP2, the luciferase assay was hired to prove, whose
results suggested that miR-17-5p could obviously
reduce luciferase activity of WT-TIMP2 plasmid
(Fig. 4B). Moreover, RT-qPCR results displayed that
miR-17-5p decreased TIMP2 mRNA level in C33a
cells, but the TIMP2 mRNA level was greatly
improved after inhibition of miR-17-5p on HCC94
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cells (Fig. 4C). TIMP2 protein expression was also
downregulated by miR-17-5p using western blot
(Fig. 4D).

Knockdown of TIMP2 reversed the effect of miR-
17-5p on CC cells

Knock-down of TIMP2 on HHC94 cell using si-RNA
to verify whether miR-17-5p affected biological
characteristics of CC cells. The knockdown efficiency
of si-TIMP2 was determined by western blot. And
results demonstrated that si-TIMP2 could dramatically
decreased TIMP2 protein compared with si-NC in
HCC94 cells (Fig. 5A). It was discovered that miR-
17-5p inhibitor repressed growth and colony forma-
tion, but knockdown of TIMP2 significantly reversed
the inhibitory effects by CCK-8 and colony formation
assays (Fig. 5B, C). The migration and invasion
ability in the inhibitor + si-TIMP2 group was dra-
matically higher than the inhibitor + si-NC group
(Fig. 5D, E). Meanwhile, knock-down of TIMP2
increased MMP2 and MMP9 mRNA and protein,
which were decreased by miR-17-5p inhibitor alone
(Fig. 5F, G).



Cytotechnology (2021) 73:619-627

625

inhibitor NC+si-TIMP
inhibitor+si-TIMP
inhibitor NC+si-NC
inhibitor+si-NC

504

A B
2.04 -
-
si-NC  si-TIMP2 B e
ol
[} e
S 1.
Q
00.5-
' 0.0 T
Oh
D
inhibitor NC+ inhibitor+ inhibitor NC+ hibitor+
si-TIMP2  si-NC si-NC

si-TIMP2

migration

£ »
=
7
s
B
=

F
= 107 Wl inhibitor NC+si-TIMP [ inhibitor NC+si-NC
K] inhibitor+si-TIMP inhibitor+si-NC
2 8
<
o
i,‘ 64 %%k
é T T %k
E 4
=
8 2
[}
m o —
o | ,i

MMP2 MMP9

Fig. 5 Knockdown of TIMP2 reversed miR-17-5p function in
CC cells. A TIMP2 protein in HCC94 cells knocked down
TIMP2 was determined by western blot. (B, C) Cell prolifer-
ation ability of HCC94 cells was detect by CCK-8 (B) and
colony formation assay (C). D Cell migration and invasion was

Discussion

CC is a female-specific gynecological tumor with
fatality rate, especially women in developing countries
(Banno et al. 2014; Reshmi and Pillai 2008). The
regulatory mechanism exerted by miRNA involves
proliferation, differentiation, immune response,
pathogenicity and tumorigenesis (Zhou and Zheng
2019). MiRNAs may become potential marker for
early diagnosis and prognostic evaluation of CC.
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determined with Transwell assay. E RT-qPCR was hired to
analyze MMP2 and MMP9 mRNA in HCC94 cells. F TIMP2,
MMP2 and MMP9 protein in HCC94 cells by Western blot.
*##p < 0.01

Moreover, miRNAs participate in cellular processes
included cell polarity, tumor suppression and apopto-
sis (Rao et al. 2012; Satapathy et al. 2017). In present
work, miR-17-5p obviously increased in CC tissues
and cells, and it may serve as a marker for the
diagnosis of CC.

To further explore the mechanism of miR-17-5p on
CC cells growth, invasion and migration were exam-
ined. It has been proved that miR-17-5p accelerate
cells proliferation and invasion in cancer (Chen et al.
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2020; Xie et al. 2020). Our work displayed that miR-
17-5p promoted proliferation and metastasis on C33a
cells, but inhibition of miR-17-5p with the opposite
result. The luciferase analysis verified that miR-17-5p
targeted TIMP2. TIMP2, as a tumor suppressor gene,
inhibited cell growth and invasion by blocking MMPs
expression (Kurzawski et al. 2017; Tjomsland et al.
2016). TIMP2 binds to MMPs to inactivate MMPs,
and protect the extracellular matrix from degradation
and remodeling by MMPs, thereby inhibiting tumor
cell invasion (Kiani et al. 2020; Vira et al. 2020). In
this study, miR-17-5p overexpression reduced the
expression of TIMP2. Meanwhile, the levels of MMP2
and MMP9 were also suppressed. Knockdown of
TIMP?2 by si-RNA overturned the effect of miR-17-5p
inhibitor on CC cell growth and invasion.

Conclusions

In summary, all data indicated that miR-17-5p
enhanced cell proliferation, invasion and migration
of CC cells by targeting TIMP2. CC progression may
regulate through miR-17-5p/TIMP2/MMP axis, and it
may become latent target for CC therapy.
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