European Review for Medical and Pharmacological Sciences 2019; 23: 5628-5639

MicroRNA-215-3p suppresses the
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Abstract. — OBJECTIVE: The aim of the cur-
rent study was to investigate the potential roles
of miR-215-3p in the progression of cervical
cancer.

PATIENTS AND METHODS: The levels of
miR-215-3p in both cervical cancer tissues and
cell lines were detected using quantitative Re-
al-time polymerase chain reaction (qRT-PCR)
assay. 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphe-
nyl-2-H-tetrazolium bromide (MTT), colony for-
mation, migration and invasion assays were ap-
plied to investigate the role of miR-215-3p on
the growth and aggressiveness of cervical car-
cinoma SiHa cell. The expression of SRY-Box 9
(SOX9) was assessed by Western blotting assay.
The Xenograft model and lung metastasis mod-
el were applied to reveal the impact of miR-215-
3p on the growth and distant metastasis of cer-
vical carcinoma cell in vivo. Moreover, miR-215-
3p and a SOX9 siRNA were co-transfected into
the SiHa cell to investigate the underlying mech-
anism of miR-215-3p-SOX9 on cervical cancer
tumorigenesis.

RESULTS: We used genome-wide gene ex-
pression analysis using clinical cervical can-
cer samples to identify that miR-215-3p was
down-regulated in cervical cancer. We then col-
lected 31 pairs of cervical cancer and the corre-
sponding non-cancerous tissues to determine
miR-215-3p level and indicated that miR-215-
3p was significantly down-expressed in cervi-
cal cancer. Furthermore, the functional analy-
sis suggested that over-expression of miR-215-
3p suppressed the aggressiveness of SiHa cell,
whereas down-regulation led to the opposite re-
sults. We identified SOX9 as a direct target of
miR-215-3p, and its level was negatively related
to the level of miR-215-3p in cervical carcinoma
tissue. Up-regulation of SOX9 reversed the sup-
pressive impact of miR-215-3p on cervical car-
cinoma cell, and down-regulation of SOX9 re-
versed the promote effects of miR-215-3p
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CONCLUSIONS: These findings showed the
important role of the miR-215-3p/SOX9 axis in
the progression of cervical carcinoma.

Key Words:
miR-215-3p, SOX9, Cervical cancer, Growth, Me-
tastasis.

Introduction

Despite improvements in early diagnosis, sur-
gical techniques, and chemotherapy, the local
infiltration and metastasis account for the unfa-
vorable prognosis of patients with cervical can-
cer'?. Unfortunately, little is known concerning
the reasons for the aggressiveness of and dismal
prognosis for cervical cancer. Therefore, it is cru-
cial to investigate the mechanisms that regulate
cervical cancer metastasis in order to improve
cervical cancer treatment*®. During the metastat-
ic process, the primary cancer cells undergo the
following steps sequentially: migration, invasion,
intravasation, extravasation and colonization at
distant tissues’. To prevent cancer metastasis, it
is essential to identify the mechanisms triggering
the cervical cancer metastatic process.

MicroRNA (miRNA), which is a small
non-coding RNA, regulates the gene expression
through inhibiting mRNA translation®’. A sub-
stantive amount of researches demonstrate that
dysregulated miRNAs are associated with can-
cer cell proliferation, apoptosis, invasion, and
chemo-sensitivity''?. Sex-determining region
Y-box 9 (SOX9) plays important roles in the
organ development, embryogenesis, and main-
tenance of stem cells”. Previous investigations
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indicated that dysregulation of SOX9 participates
into the progression of several types of cancers
as an oncogene, including inhibits senescence,
promotes cell proliferation and facilitates trans-
formation'. Furthermore, the up-regulation of
SOX9 has been proved to confer the properties of
cancer stem cell (CSC) and correlates with epi-
thelial-mesenchymal transition (EMT) via target-
ing the WNT/B-catenin pathway'>'®. In addition,
SOX9 has been observed been up-regulated in
esophageal cancer and correlating with the un-
favorable prognosis of patients with esophageal
cancer'”!8, Moreover, SOX9 regulates the self-re-
newal and tumorigenicity of hepatocellular car-
cinoma through promoting the symmetrical cell
division of cancer stem cell”. Altogether, these
investigations suggest that SOX9 is involved in
the development of multiple tumor types, but its
function in regulating cervical carcinoma devel-
opment remains to be explained?®.

In this study, we demonstrated that miR-215-
3p was down-expressed in cervical cancer and
miR-215-3p acted as a suppressive miRNA in
cervical cancer. The bioinformatic analysis and
luciferase reporter gene assay identified that
SOX9 was the potential target of miR-215-3p.
Up-regulation of miR-215-3p inhibited the ex-
pression of SOX9 in cervical carcinoma SiHa
cell and inhibited the growth, migration and
invasion as well as the metastasis of cervical
cancer cells. However, the down-regulation of
miR-215a-3p led to the comple opposite results.
In conclusion, our study provided the novel in-
sights of the miR-215-3p-SOX9 in the progres-
sion of cervical carcinoma.

Materials and Methods

Cervical Cancer Tissues and Cells

31 pairs of cervical cancer tissues and ad-
jacent normal tissues were obtained from the
Fifth Affiliated Hospital of Sun Yat-sen Uni-
versity. Cervical cancer and corresponding nor-
mal tissues were frozen in liquid nitrogen. Tis-
sue sections (4 pm thick) were non-specifically
blocked with goat serum, followed by overnight
incubation with anti-SOX9 (1:100; Beyotime
Biotechnology, Nanjing, China) and then incu-
bated with FITC-labeled secondary antibody
(Beyotime Biotechnology) for 1.5 h. Finally,
the sections were stained with 4°,6-diamidi-
no-2-phenylindole (DAPI) for 10 min. Human
cervical cancer cell lines (C-33A, SiHa, Ca-Ski,

C-4-1), HEK293T and H8, a human normal
cervical surface epithelial cell line used in the
study were purchased from Cobioer Biotech-
nology Co., Ltd (Nanjing, Jiangsu, China). The
cells were cultured in RPMI-1640 or DMEM
(Invitrogen, Carlsbad, CA, USA) supplemented
with 10% fetal bovine serum (FBS) (Invitrogen)
and penicillin/streptomycin at 37°C in an atmo-
sphere containing 5% CO, and 95% air.

Cell Transfection

MiR-215-3p mimics or miR-215-3p inhibi-
tor (miR-215-3p™) (Thermo Fisher Scientific,
Waltham, MA, USA) was transfected into Si-
Ha cell using Lipofectamine® 2000 (Thermo
Fisher Scientific). The siRNA SOX9 (siSOX9)
and the negative control (siCon) were obtained
from GenePharma (Shanghai, China). The SOX9
overexpressing plasmid was constructed using
pCDNA3.1(+) basic vector and was synthesized
by GenePharma. Plasmids were transfected into
SiHa cells using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA).

3-(4, 5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2-H-tetrazolium
bromide (MTT) Assay

The growth of indicated the cells was analyzed
using MTT (Thermo Fisher Scientific, Waltham,
MA, USA) assay. 100 pl SiHa cells (2 x 10°) were
plated into 96-well plates. The medium was re-
newed after the cell was cultured for 24 h, 48 h,
72 h, and 96 h. MTT solution (100 pl) was added
to 96 well plates and the cell was incubated for 4
h. The OD value was detected at 450 nm using
Synergy™ HT Multi-Mode Microplate Reader
(Bio-Tek, Winooski, VT, USA).

Migration Assay

SiHa cell was cultured into 6 well plates for 24
h. Then, a scratch was generated using a sterile a
100 pL pipette tip. The non-adhesion cells were
removed using PBS. The cell was cultured with
medium without serum for 24 h?.

Invasion Assay

The cell invasion ability was evaluated us-
ing 24-well transwell chamber (8 pm; Corning,
Painted Post, NY, USA). Matrigel (BD Biosci-
ences, San Diego, CA, USA) was pre-coated
onto the upper chamber. 300 ul SiHa cells (2 %
10%) were cultured into the upper chamber of a
24 well Millipore transwell chamber (Millipore,
Braunschweig, Germany), and 600 pl. medium
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containing 20% FBS was added into the lower
chamber. After 24 hours, the invaded cells were
stained using crystal violet (Sigma, Shanghai,
China) and were counted?.

Luciferase Reporter Gene Assay

The wild-type (WT) or mutant type (MUT)
3’-UTR of SOX9 containing miR-215-3p binding
sites was cloned into the psiCHECK™-2 vec-
tor (Promega, Madison, WI, USA). HEK293T
cell was cotransfected with miR-215-3p and the
SOX9-3>-UTR reporter plasmid using the Li-
pofectamine 3000 (Invitrogene, Carlsbad CA,
USA). After 48 hours, the luciferase activities
were detected using a luciferase reporter assay kit
(Promega, Madison, WI, USA).

Quantitative real-time PCR
(GRT-PCR) Assay

RNAs were extracted using TRIzol reagent
(TakaraBio, Tokyo, Japan). The cDNA was syn-
thesized using ABI 7500 PCR system (Thermo
Fisher Scientific, Waltham, MA, USA). The prim-
er sequences are as follows: SOX9, forward prim-
er: 5-AGCGAACGCACATCAAGAC-3’, reverse
primer: 5-CTGTAGGCGATCTGTTGGGG-3%;
GAPDH, forward primer: 5-TGGATTTGGACG-
CATTGGTC-3, reverse primer: 5-TTTGCACT-
GGTACGTGTTGATA-3’; miR-215-3p, forward
primer: 5-TGGATTTGGACGCATTGGTC-3’,
reverse primer: 5-TTTGCACTGGTACGTGTT-
GATA-3’. The levels of miR-215-3p and SOX9
were normalized to U6 or GAPDH.

Immunoblotting Analysis

25 pg cell lysates were loaded on 8% SDS-
PAGE and were transferred onto PVDF mem-
branes. PVDF membranes were incubated with
SOX9 antibody (Signalway Antibody, Nanjing,
Jiangsu, China) and [B-actin (Epitomics, Burl-
ingame, CA, USA) followed by incubation with
horseradish peroxidase-conjugated IgGs (Bio-
world Biotechnology, Wuhan, Hubei, China). Tar-
get proteins were assessed using the ECL system
(Millipore, Braunschweig, Germany) and visual-
ized with the ChemiDoc XRS system (Bio-Rad,
Shanghai, China).

In Vivo Animal Experiments

BALB/c nude mice were subcutaneously inoc-
ulated with tumor cells (1 x 10° per mouse). Nude
mice were sacrificed 25 days later, and the tumors
were removed. Tumor volume (Volume = 0.5 X
tumor length x tumor width?) was detected every
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3 days using calipers. Tail-injected animals were
sacrificed 4 weeks after injection, and lung tis-
sues were removed. Lung tissue was fixed in 10%
buffered formalin, immersed in an ascending
series of alcohol washes, and paraffin embedded.
The tissues were then sectioned (4-pm thick) and
stained with hematoxylin and eosin (H&E). All
procedures involving mice were conducted in
accordance with the Fifth Affiliated Hospital of
Sun Yat-sen University.

Statistical Analysis

SPSS 17.0 was used for all the statistical analy-
ses. One-way ANOVA analysis of difference was
used for comparisons among multiple groups,
followed by Student’s post hoc two-tailed z-test.
Student’s unpaired two-tailed tests were used for
comparisons between two groups. The Pearson
correlation was applied to analyze the relation
between the miR-215-3p and SOX9. All values
were represented as mean + SD. p<0.05 was con-
sidered statistically significant.

Results

MiR-215-3p is Down-requlated in
Cervical Carcinoma

To investigate the dysregulation of miRNA in
cervical carcinoma, the GEO dataset, GSE81137
that containing cervical carcinoma tissues, as
well as normal tissues, was selected to explore
the expression patterns of miRNAs. As shown in
Figure 1A, the heatmap that was generated us-
ing differential levels of miRNAs indicated that
miR-215-3p was significantly down-expressed in
cervical carcinoma. Next, we analyzed the levels
of miR-215-3p in cervical carcinoma and con-
trol normal tissues using qRT-PCR analysis. As
expected, miR-215-3p was markedly down-ex-
pressed in cervical cancer tissues (Figure 1B).
Consistently, miR-215-3p was also significantly
down-expressed in cervical cancer cells com-
pared with normal cell (Figure 1C). Next, three
bioinformatics prediction tools (TargetScan, mi-
Randa and mirSVR) were used to reveal the
potential target gene of miR-215-3p. As shown in
Figure 1D, the 3’-UTR of SOX9 had sequences
that bound to miR-215-3p. To future prove that
SOX9 was the direct target gene of miR-215-3p,
the luciferase assay using HEK293T cell that was
cotransfected with wild type (WT)-SOX9 and
miR-215-3p or cotransfected with miR-215-3p
and mutant type (MUT)-SOX9 was conducted.
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Figure 1. MiR-215-3p is down-regulated in cervical cancer samples and cells. A, Microarray analysis of miRNA expression
in cervical cancer tissues from normal cervical tissues. B, The level of miR-215-3p in 31 adjacent normal control tissues (N)
and 31 cervical cancer tissues (T) was determined by qRT-PCR. C, qRT-PCR analyzed the levels of miR-215-3p in cervical
cancer cell lines. U6 was used as loading control. “p<0.01 as compared to H8 cell. D, Schematic diagram of miR-215-3p
binding sites in the SOX9 3'-UTR. Sequences were compared between the mature miR-215-3p and wild-type (WT) or mutant
(MUT) putative target sites in the 3'-UTR of SOX9. E, HEK293T cells were co-transfected with the wild-type (WT) or mutant
(MUT) SOX9 3'-UTR with miR-215-3p and the luciferase activity was examined. Firefly luciferase activity was measured and
standardized by Renilla luciferase activity. “p<0.01 as compared to miR-NC. F, SiHa cells were transfected with miR-215-3p
and miR-215-3p inhibitor (miR-215-3p™). SOX9 expression as determined by Western blotting assay. “p<0.01 as compared to
control. G, Immunohistochemical staining of SOX9 in normal human cervical cancer tissue and corresponding normal tissues.
H, The correlation of miR-215-3p and SOX9 in tumor samples was analyzed by qRT-PCR assay.
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The result indicated that miR-215-3p remarkably
reduced the luciferase activity in HEK293T cell
that was cotransfected with the WT 3’-UTR of
SOX9 and miR-215-3p (Figure 1E). Then, the
expression of SOX9 in SiHa cell transfected with
miR-215-3p was analyzed using Western blotting
assay. Up-regulation of miR-215-3p reduced the
expression of SOX9 in SiHa cell (Figure 1F).
Next, we examined the levels of SOX9 in cervical
carcinoma tissues and corresponding normal tis-
sues. The result revealed that SOX9 was over-ex-
pressed in cervical carcinoma in comparison with
control of normal tissues (Figure 1G). Finally, the
gRT-PCR analysis showed that the down-regula-
tion miR-215-3p was negatively correlated with
the overexpression of SOX9 in cervical carcino-
ma tissues (Figure 1H). All these findings sug-
gested that miR-215-3p was down-expressed in
cervical carcinoma.

Up-regulation of MiR-215-3p
Inhibits the Aggressiveness of
Cervical Carcinoma Cell

To future explore the impact of miR-215-3p
in the progression of cervical carcinoma cell,
SiHa cells were transfected with miR-215-3p or
miR-215-3p inhibitor (miR-215-3p""). As shown
in Figure 1F, miR-215-3p mimic transfection in-
creased the level of miR-215-3p whereas miR-215-
3p inhibitor (miR-215-3p™™") reduced the level of
miR-215-3p in SiHa cell. Then, the proliferation
of SiHa cell was detected at 24 h, 48 h, 72 h or 96
h using the MTT assay. We found that up-regula-
tion of miR-215-3p inhibited the growth of SiHa
cell whereas miR-215-3p"™ increased cell prolif-
eration (Figure 2A). Consistently, the colony for-
mation assay indicated that miR-215-3p inhibited
the colony formation of cervical carcinoma cell
in vitro whereas the down-regulation of miR215-
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Figure 2. Effect of miR-215-3p in growth, migration and invasion in SiHa cells. A, Cells were transfected with miR-215-3p
mimic or miR-215-3p'™i, Cell proliferation rates were determined by the MTT assay. B, Colony formation assays of SiHa
cells. Representative images for each group were shown. C, SiHa cells were transfected with miR-215-3p mimic or miR-215-
3p™ and the ability of migration in cervical cancer cells was determined by wound closure assay. Scale bar: 200 pm. D, The
invasion of SiHa cells was determined by transwell assay. “p<0.01 as compared to control cell. Scale bar: 200 pm.
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S5p resulted in opposite outcomes (Figure 2B).
Next, we evaluated the role of miR-215-3p on the
migration and invasion abilities of SiHa cells. As
shown in Figure 2C-2D, the results from wound
healing and transwell invasion assay indicated
that the over-regulation of miR-215-3p inhibited
cell mobility whereas miR-215-3p inhibitor ac-
celerated the invasion and migration of SiHa cell.

Down-regulation of SOX9 Inhibits
the Growth and Metastasis of
Cervical Cancer Cell

To reveal the role of SOX9 in cervical carcino-
ma, SOX9 was knocked-down using the specific
siRNA against SOX9 (siSOX9) and the expres-
sion of SOX9 was assessed using immunoblot-
ting assay. We found that the level of SOX9 was

significantly reduced in siSOX9 transfected SiHa
cells (Figure 3A). The proliferation and colony
formation of SiHa cells was significantly inhibited
by siSOXO9 in vitro (Figure 3B-3C). Consistently,
the migration and invasion abilities of SiHa cell
were remarkably decreased by siSOX9 (Figure
3D-3E). An experimental lung metastasis model
was constructed to future explore the function of
SOX9 in the metastasis of cervical cancer cells
in vivo. As shown in Figure 3F, down-expression
of SOX9 inhibited the lung metastasis of SiHa
cell. We also analyzed the impact of SOX9 on
the tumor growth of SiHa cells in vivo. Parental
or SiHa cell that was transfected with siSOX9
was injected subcutaneously into nude mice. As
shown in Figure 3G, down-expression of SOX9
significantly suppressed the size and weight of

£ 151 - siCon
o 853 = siSOX9
A\ 2
o 5_,‘50 > 1.0
F-
SOXO M— — 20
[}
B-actin M- e
300
24h 48h 72h 9h
siCon siSOX9 804 @8 siCon
1 Vi g B siSOX9
0h o © %7
g3
% 3 404
3 =
24 h § 204
5

-n

— ) . 840 . siCon
8 siCon siSOX9 P & siSOX9
o g —_—— g 5
» &8
© g
% 20
* 2
- 5
2 B 10
= g .
- |
z O

C

200+ D
) @ siCon
_00‘\ . 9O+ § @@ siSOx9
N \ 3 150
* o » R M
. | —~ g 100
*c = N » §
A L | -é 504
" - ‘/ - | - . 2
04
E 804 & siCon
@@ siSOX9

siCon
- . y ®.
oy R
) -1 v . -~
P e T e
Q.

siSOX9

Number of invaded cells
-y
o

- siSOX9

1

7 10 13 16 19 2 25
Time post inoculation (Days)

Turmor velume (mm’)

0

14

Figure 3. Loss of expression of SOX9 inhibits cervical cancer cells growth and metastasis. A, SiHa cells were transfected
with either the negative control siRNA (siCon) or siSOX9. The expression levels of SOX9 were detected by Western blotting
assay. B, After transfected with siCon or siSOX9, the cell proliferation rates were determined by the MTT assay. C, Colony
formation assays of SiHa cells. D, SiHa cells were transfected with siSOX9 and the ability of migration was determined by
wound scratch assay. Scale bar: 200 um. E, Cervical cancer cells with silent expression of SOX9 exhibit less invasive abilities
in Transwell invasion assay. The invaded cells were stained with crystal violet and counted. Scale bar: 200 um. F, siSOX9
cells or control cells were injected into nude mice via lateral vein. Representative pictures of lungs from mice were taken after
four weeks. Numbers of lung metastasis were quantified. G, Knocked-down of SOX9 inhibited the growth of cervical cancer
cells-engrafted tumors. Representative tumors were photographed at 25 days after mice inoculation with siSOX9 or control

cells. “p<0.01 as compared to siCon.
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tumor tissue from mice that were injected SOX-
9 down-expressing cell. These results indicated
that down-regulation of SOX9 inhibited the tu-
mor growth and lung metastasis of SiHa cell.

Over-expression of SOX9
Rescues the Effects of MiR-215-3p
in Cervical Cancer Cell

To investigate the potential influence of SOX9
in the growth, migration, and invasion of cervical
cancer cells regulated by miR-215-3p, we assessed
whether the suppressive impact of miR-215-3p on
SiHa cell could rescue by over-expression of
SOXO. Firstly, SiHa cells were cotransfected with
miR-215-3p and SOX9 plasmid and the expres-
sion of SOX9 was assessed using qRT-PCR assay
(Figure 4A). Then, the MTT and colony forma-
tion experiment suggested that the up-regulation
of SOX9 rescued the suppressive effect of miR-
215-3p on the proliferation and colony formation
of SiHa cells in vitro (Figure 4B-4C). Consistent-
ly, the migration and invasive abilities of SiHa
which were inhibited by miR-215-3p transfection
were significantly rescued by the up-regulation of
SOX9 (Figure 4D-4E).

Down-regulation of SOX9 Reverses
the Impact of MiR-215-3plinhibitor
on Cervical Cancer Cell

Next, we future showed the suppressive influ-
ence of miR-215-3p on the growth and aggres-
siveness of SiHa cell dependent on SOX9. SiHa
cells were cotransfected with miR-215-3p'™ and/
or SOX9 siRNA (siSOX9) and the mRNA level
of SOX9 was measured using qRT-PCR analysis
(Figure 5A). Then, the MTT and colony forma-
tion tests were applied to the analysis, the growth
and colony formation of SiHa cells in vitro. As
shown in Figure 5B-5C, down-regulation of SOX9
reversed the effects of miR-215-3p™™" on the prolif-
eration and colony formation of SiHa cell. Consis-
tently, the migration and invasion abilities of SiHa
cell that was cotransfected with siSOX9 and miR-
215-3ph were restored compared to the cell that
was transfected with miR-215-3p™" alone (Figure
5D-5E). All these findings suggested that miR-215-
3p suppressed the growth and aggressiveness of
SiHa cell through targeting SOXO.

Up-regulation of MiR-215-3p
Inhibits the Progression of
Cervical Cancer Cell in Vivo
Finally, we examine the role of miR-215-3p
on the growth and distant metastasis of SiHa
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cell in vivo. The nude mice were subcutaneously
inoculated with a cervical cancer SiHa cell that
was transfected with miR-NC or miR-215-3p. As
shown in Figure 6A, the tumor that was injected
growth in mice with miR-215-3p-overexpress-
ing cell was significantly inhibited compared to
the control group. Furthermore, miR-215-3p was
up-regulated and SOX9 was down-regulated in
the tumor tissues from the mice inoculated with
miR-215-3p-overexpressing cervical cancer cells
when compared to the miR-NC group (Figure
6B). Subsequently, we analyzed the expression
of SOX9 in the tumor tissue using immunohis-
tochemistry (ICH) assay. As shown in Figure
6C, the expression of SOX9 was significantly
reduced in tumor tissue that was formed by
miR-215-3p-overexpressing SiHa cell compared
to that in tumor tissue that was formed by the
control cell. To reveal the impact of miR-215-3p
on the metastasis of SiHa cell in vivo, cervical
cancer SiHa cell transfected with miR-215-3p or
miR-NC were injected into nude mice via tail
vein. After four weeks, the number of metastatic
nodes in the lung tissue from nude mice that was
injected with miR-215-3p transfected cell were
remarkably reduced compared to that in the mice
that was injected with control cell (Figure 6D).
These results suggested that up-regulation of
miR-215-3p inhibited the growth and lung metas-
tasis of SiHa cell in vivo.

Discussion

Previous investigations have demonstrated that
miRNAs are involved in the growth and me-
tastasis of various types of cancers”. MiRNAs
act as either tumorigenic or tumor-suppressing
genes??, Metastasis is characteristic of cervical
cancer and a crucial step in cervical cancer pro-
gression. Although, a substantial amount of evi-
dence indicates that miRNAs contribute to tumor
development, the function of miR-215-3p in cer-
vical cancer metastasis still remains undefined.
Our study identified that miR-215-3p acted as a
suppressor gene in cervical carcinoma and regu-
lated the progression of cervical carcinoma cells.

In this study, we verified that miR-215-3p was
remarkably down-expressed in cervical carci-
noma. Furthermore, we demonstrated that the
up-regulation of miR-215-3p markedly inhibited
the cervical carcinoma cell growth and metastat-
ic phenotypes. Moreover, the down-regulation
of miR-215-3p significantly promoted cervical
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Figure 4. Up-regulation of SOX9 rescues the effects of miR-215-3p. A, SiHa cells were transfected with miR-215-3p mimic,
or co-transfected with SOX9 over-expression plasmid and miR-215-3p mimic. The mRNA level of SOX9 was detected by
qRT-PCR assay. B, Cells were transfected with miR-215-3p mimic alone, or co-transfected with SOX9 and miR-215-3p mimic,
and then were seeded into 96 well plates. After 24 h, 48 h, 72 h and 96 h, the MTT assay was performed to analysis cell
proliferation. C. Colony formation assay of SiHa cells. D, SiHa cells co-transfected with SOX9 over-expression plasmid and
miR-215-3p were subjected to wound healing assay and images were taken at 0 and 24 h (left panel). The percentage of wound
closure was quantified (right panel). E, Transwell invasion assay was performed after transfection of SiHa cells with SOX9
plasmid and miR-215-3p mimic. The invaded cells were stained with crystal violet and counted. “p<0.01 as compared to
control,*p <0.01 as compared to miR-215-3p.
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Figure 5. SOX9 knocked-down reversed the effects of miR-215-3p inhibition in cervical cancer. A, SiHa cells were transfected
with miR-215-3p™", co-transfected with siSOX9 and miR-215-3p™i. The expression of SOX9 was determined by qRT-PCR
analysis. B, SiHa cells were transfected with miR-215-3p™, or co-transfected with siSOX9 and miR-215-3p'™", and then were
seeded into 96 well plates. After 24 h, 48 h, 72 h and 96 h, the MTT assay was performed to analysis cell proliferation. C,
Colony formation assays of SiHa cells. D, SiHa cells co-transfected with siSOX9 and anti-miR-215-3p were subjected to wound
closure assay. The percentage of wound closure was quantified (right panel). Scale bar: 200 um. E, Transwell invasion assay was
performed after transfection of SiHa cells with siSOX9 and miR-215-3p™™™. The invaded cells were stained with crystal violet and
counted. Scale bar: 200 um. “p<0.01 as compared to control and #p<0.01 as compared to miR-215-3p",

carcinoma cell growth, migration as well as inva- carcinoma cell in vivo. Additionally, metastatic
sion in vitro. Meanwhile, over-expression of miR- nodules in the lung from mice that was inoculated
215-3p inhibited the tumorigenicity of cervical with miR-215-3p-transfected cells were markedly
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Figure 6. Up-regulation of miR-215-3p inhibits cervical cancer cells growth and metastasis in vivo. A, miR-215-3p-stably
over-expressing or parental cervical cancer cells were injected into nude mice by subcutaneous. Tumor volumes were measured
and growth curves were generated. B, The expression of miR-215-3p and SOX9 was determined by qRT-PCR assay in the
tumor tissues. C, The expression of SOX9 in tumor tissue was detected by immunohistochemistry assay, respectively. D, The
numbers of lung metastatic nodes of lungs from mice induced by miR-215-3p or miR-NC transfetced cervical cancer cells were
displayed. Histopathology of metastasis was determined with H&E staining. “p<0.01 compared to control group.
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fewer than those in control. Mechanistically, we
determined that SOX9 was the target gene of
miR-215-3p, and its level was negatively asso-
ciated with the level of miR-215-3p in cervical
cancer.

As non-coding RNAs, miRNAs execute
functions by targeting several protein-coding
genes?®. There are more and more studies have
indicated that SOX9 is over-regulated in vari-
ous cancers, including colorectal cancer, pros-
tate cancer and hepatocellular carcinoma'?'>-%,
In cervical cancer, SOX9 inhibits the growth
of cervical tumor cells via trans-activating
cyclin-dependent protein kinase inhibitor (CD-
KI)””. Consistent with the previous investi-
gations, we studied the function of SOX9 in
cervical cancer and proved that its knockdown
significantly repressed cervical cancer cell
growth, migration, and invasion.

Finally, we revealed that over-expression of
SOX9 rescued the impacts of miR-215-3p in cer-
vical cancer cell and down-regulation of SOX9
reversed the impact of miR-215-3p inhibitor on
cervical cancer, which indicated that miR-215-3p
inhibited the growth as well as metastasis of cer-
vical carcinoma cell dependent on SOXO.

Conclusions

We demonstrated that miR-215-3p inhibits the
growth, invasion and metastasis of cervical can-
cer cell via regulating SOX9. These results reveal
the vital function of the miR-215-3p/SOX9 axis
in regulating cervical cancer cell growth and
aggressiveness.
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