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Downregulation of microRNA-1246 inhibits tumor growth
and promotes apoptosis of cervical cancer
cells by targeting thrombospondin-2
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Abstract. Cervical cancer pathogenesis is regulated by
numerous factors, including microRNAs. MicroRNA 1246
(miR-1246) has been shown to serve a role in cervical cancer
tumorigenesis. However, the mechanisms through which
miR-1246 exerts its oncogenic effects are largely unknown.
The aim of the current study was to evaluate the effects of
lentivirus-mediated miR-1246 knockdown on the biological
characteristics and behavior of cervical cancer cells, and to
identify the downstream signaling pathways affected by
miR-1246 knockdown. Short hairpins inhibiting miR-1246
were synthesized and cloned into a recombinant lentiviral
vector (LV-miR-1246-Inh), which was then used to infect
SiHa cervical cancer cells. The effects of LV-miR-1246-Inh
infection on cell invasion, proliferation and apoptosis were
evaluated by Transwell assay, Cell Counting Kit-8 assay and
flow cytometry, respectively. Thrombospondin-2 (THBS2),
matrix metalloproteinase 2 (MMP2), MMP9 and extracellular
matrix (ECM) component expression levels were evaluated,
and the growth of xenograft tumors formed following injec-
tion of SiHa cells with knockdown of miR-1246 was assessed.
miR-1246 downregulation in SiHa cells decreased prolifera-
tion, induced apoptosis and upregulated THBS2 expression.
Furthermore, MMP2 and MMP?9 levels were downregulated,
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whereas components of the ECM were upregulated subsequent
to miR-1246 knockdown, indicating that this miRNA regulates
cervical cancer cell pathogenesis via the THBS2/MMP/ECM
pathway. Notably, SiHa cells with miR-1246 downregulation
had a markedly decreased ability to form tumors in vivo. These
results suggest that miR-1246 functions during cervical cancer
pathogenesis and tumor formation via the THBS2/MMP/ECM
signaling pathway. These findings support the future use of
miR-1246 suppression in the treatment of cervical cancer.

Introduction

Cervical squamous cell carcinoma (CSCC) is a leading cause
of cancer-associated mortality in women worldwide and has
significant societal and economic consequences (1). At present,
surgery and radiotherapy are standard treatments for cervical
cancer (2). However, the clinical outcomes of these treatments
vary dramatically and are difficult to predict. Therefore, it
is necessary to identify new, effective treatment approaches,
particularly for patients with resistance to radiotherapy and
those susceptible to relapse.

MicroRNAs (miRNAs) are small noncoding RNA
molecules that target protein-coding genes and downregulate
their expression (3). They are of 19-25 nucleotides in length
and are cleaved by 70-100 nt long hairpin precursor miRNAs
(pre-miRNAs) (4). Numerous essential processes are regulated
by miRNAs, including viral infection, cell growth, apoptosis
and cancer development (5). However, few studies have focused
on the role of miRNAs in cervical cancer (6-8), and the asso-
ciation between miRNAs and cervical cancer transformation
remains poorly understood. Among the miRNAs investigated
in cervical cancer, miR-1246 has oncogenic effects (9), and is
elevated in the serum and tumor tissues isolated from patients
with CSCC with lymph node metastasis (10).

Thrombospondin-2 (TSP2 or THBS2) is a member of the
thrombospondin family. In a previous study in SiHa cervical
cancer cells, THBS2 was shown to be a target of miR-1246 (11).
THBS?2 regulates cell adhesion and migration via hydrolysis
of the extracellular matrix (ECM) (12). THBS2 also may
serve a role in inhibiting angiogenesis by regulating matrix
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metalloproteinases (MMPs) and ECM proteins (13). While it
is possible that the miR-1246/THBS2/ECM signaling cascade
is involved in cervical cancer metastasis, direct evidence for a
role of this pathway has not been reported.

In the present study, the effects of miR-1246 downregula-
tion via lentiviral transfection, on the THBS2/MMPs/ECM
pathway in the human cervical cancer cell line SiHa were
evaluated.

Materials and methods

Synthesis of recombinant lentiviral particles
(LV-miR-1246-Inh). Lentivirus particles expressing oligonu-
cleotides against hsa-miR-1246 (miRBase accession number,
MIMATO0005898) were constructed by Shanghai GeneChem
Co., Ltd. Briefly, double-stranded oligonucleotides encoding a
miR-1246-inhibitor (miR-1246-Inh) was annealed and inserted
intothelinearizedeukaryotichU6-MCS-Ubiquitin-EGFR-puro
vector (Shanghai GeneChem Co., Ltd.). The identity of vector
was confirmed by sequencing. An empty vector control was
used to examine if the transfection reagents or the transfection
process itself had any cytotoxic effects on the target cells. The
recombinant vectors or empty expression vector and packaging
vectors (pHelper 1.0 and pHelper 2.0; Shanghai GeneChem
Co., Ltd.) were then co-transfected into 293T cells (Invitrogen;
Thermo Fisher Scientific, Inc.) using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.). The culture
supernatants were collected at 48 h following transfection.
All lentiviral vectors expressed the enhanced green fluores-
cent protein, which enabled the measurement and titration of
expression efficiency in infected cells. The cells were screened
with puromycin (2 pg/ml) for 3 days.

Lentiviral infection of SiHa cells. SiHa cells were purchased
from the American Type Culture Collection and cultured in
RPMI-1640 (Gibco; Thermo Fisher Scientific, Inc.) supple-
mented with 10% fetal bovine serum (FBS; Gibco; Thermo
Fisher Scientific, Inc.),2 mM glutamine and 0.1 mM nonessen-
tial amino acids at 37°C in a humidified chamber with 5% CO,.
The cells were divided into three groups: No viral infection
(NC), infection with control virus (LV-NC; empty vector) and
infection with lentiviral particles expressing miR-1246-Inh
(LV-miR-1246-Inh; multiplicity of infection, 50).

Cell proliferation assay. Cell proliferation was assayed using a
Cell Counting Kit-8 (CCK-8; Promega Corporation), according
to the manufacturer's protocol. SiHa cells were seeded in
96-well plates at a density of 1,000-2,000 cells/well in 100 gl
complete RPMI-1640 with 10% FBS. Cell proliferation was
assayed every 24 h. Briefly, the CCK-8 solution (10 ul) was
added to each well and incubated for 2 h at 37°C. Next, the
absorbance of each well was measured spectrophotometrically
at 450 nm using a TriStar microplate reader (LB941; Berthold
Technologies).

Detection of apoptosis by flow cytometry. Cells (~2.5x10°)
were trypsinized, collected, washed with phosphate buffered
saline (PBS) and stained with Annexin V-phycoerythrin (PE)
and 7-aminoactinomycin D staining using an PE Annexin V kit
(cat. no. 556421; BD Biosciences) for 10 min at 4°C, according
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to the manufacturer's protocol. Apoptotic cells were deter-
mined using a flow cytometer (FACScan; Becton Dickinson;
BD Biosciences). Flow cytometry data were analyzed using
ModFit LT software (version 2.0; Verity Software House, Inc.).

Cell cycle assay. Cells were fixed in 70% ethanol at -20°C for
24 h. After washing with PBS, cells were treated with RNase A
(50 pug/ml) and stained with propidium iodide (25 pg/ml) in
PBS for 30 min at 37°C. Samples were analyzed using a flow
cytometer, and cell cycle distribution was determined using
ModFit LT software (version 2.0; Verity Software House, Inc.).
The proliferative index was calculated as the percentage of
cells in S/G2/M phase.

Matrigel invasion assay. The invasion activity of SiHa cells
was measured using Transwell chambers (Costar; Corning Inc.)
and Matrigel (BD Biosciences). In total, 1.5-2x10* cells/well in
RPMI-1640 with 10% FBS were seeded in the upper chamber
that had previously been coated with 1 mg/ml Matrigel.
The lower chamber was filled with RPMI-1640 containing
20% serum. Following a 24-h incubation, the non-migrating
cells in the upper chamber were removed by gentle scraping,
and the adherent cells on the lower surface of the insert were
stained with crystal violet for 15 min at room temperature and
imaged using a fluorescence microscope (Olympus TH4-200).
Automated quantification and cell counting were performed
using Image] Fiji software (National Institutes of Health).

Reverse transcription quantitative polymerase chain reac-
tion (RT-gPCR). Total RNA was extracted from cultured
cells using TRIzol® (Invitrogen; Thermo Fisher Scientific,
Inc.) and reverse transcription was performed using a Takara
PrimeScript RT reagent kit (Takara Bio, Inc.). Each RT reac-
tion included 150 ng template RNA and a pool of RT primers.
gPCR was performed using TaKaRa SYBR® Premix Ex
Taq™ II kit (Takara Bio) and the following primer sequences
(Shanghai GenePharma Co., Ltd.): miR-1246 forward, 5-TAC
GAAATGGATTTTTGGAGCAGG-3' and U6 forward,
5-ATTGGAACGATACAGAGAAGATT-3', along with the
universal reverse primer, 5'-GTCCTTGGTGCCCGAGTG-3'".
The reaction conditions were 40 amplification cycles of 95°C
for 3 min, 95°C for 15 sec and 62°C for 30 sec using Applied
Biosystems ABI 7500 (Applied Biosystems; Thermo Fisher
Scientific, Inc.) quantitative Real-Time PCR System. U6 was
used as a reference for miRNAs. Each sample was analyzed
in triplicate. Comparative threshold cycle method-fold change
(2-24¢9) was used to analyze relative changes (14).

Western blotting. Xenograft tumor tissues were lysed with
radioimmunoprecipitation assay lysis and extraction buffer
(Thermo Fisher Scientific, Inc.). Proteins (20 ug/lane) were
separated by 8% SDS-PAGE and transferred to polyvinylidene
difluoride membranes (EMD Millipore) by electroblotting.
Membranes were blocked with 5% BSA in TBST (10 mM
Tris-HCI, pH 8.0, 150 mM NaCl and 0.05% Tween-20) for
1-1.5 h, and then incubated with the following primary anti-
bodies (Abcam) overnight at 4°C: THBS2 (1:500 dilution; cat.
no.ab84469), MMP2 (1:5,000 dilution; cat. no. ab37150), MMP9
(1:5,000 dilution; cat. no. ab38898), ECM components (1:1,000
dilution; cat. no. ab130585) and p-actin (1:5,000 dilution; cat.
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no. ab228001). Subsequent to washing, the blots were incubated
with goat anti-rabbit immunoglobulin G (H+L)-horseradish
peroxidase secondary antibodies (1:5,000 dilution; cat.
no. BS13278; Bioworld Technology, Inc.) and visualized
using super enhanced chemiluminescence detection reagent
(Amersham; GE Healthcare). Band intensity was scanned using
Bio-Rad Universal Hood II (Bio-Rad Laboratories, Inc.) and
analyzed using the Image Lab™ software (version 5.1; Bio-Rad
Laboratories, Inc.) and normalized to the expression of -actin.

Tumor xenograft model. Athymic BALB/c nude female
mice (4-6 weeks old; body weight, 15-18 g) were obtained
and raised in the Animal Experimental Center of Guangxi
Medical University (Guangxi, China) in solid-bottomed cages.
Cages were sanitized once weekly. Environmental conditions
were maintained at 21+2°C with 50+20% relative humidity
and 15 air changes hourly. Animals were kept on a 12-h
light/dark cycle and provided ad libitum access to water and
food. Mice were randomly assigned to one of three groups
(16 mice/group). SiHa cells (NC, LV-NC or LV-miR-1246-Inh)
were trypsinized and resuspended to a final concentration of
5x106 cells/0.1 ml PBS. The cells were then injected subcuta-
neously into the left flanks of the mice. Four weeks later, mice
were euthanized by exposure to carbon dioxide with a flow rate
of 9 1/min (volume of the chamber, 30 1). Death was confirmed
by physical examination. Lack of breath, heartbeat and eyelid
reflex was observed for 10 min. Tumor size was monitored
every 2 days by measuring length and width with calipers,
and volume was calculated according to the formula: Volume
(mm?)=width? (mm?) x length (mm)/2 (15). Tumor growth rate
is expressed as the change in tumor volume over the number
of days from the initial cell injection. Animal experiments
were conducted according to the institutional guidelines of
the National Research Council's Guide for the Care and Use
of Laboratory Animals (China) and were approved by the
Institutional Experimental Animals Review Board of Guangxi
Medical University (Guangxi, China).

Immunohistochemistry. The Ki-67 protein is expressed in
all phases of the cell cycle except G, and serves as a good
marker for proliferation (16). The mice were sacrificed and
the tumors were fixed in 10% formalin at 4°C overnight.
Immunohistochemistry was performed using 3-um-thick
paraffin sections. Paraffin sections were dewaxed and rehy-
drated through xylene and a graded alcohol series. Endogenous
peroxidase activity was blocked with 3% hydrogen peroxide
for 15 min at 20-25°C. Following washing in water, nonspecific
binding sites were blocked with 5% bovine serum albumin (cat.
no. A2153; Sigma-Aldrich; Merck KGaA) in PBS for 10 min
at 20-25°C. The slides were then incubated with a primary
polyclonal antibody against Ki67 (cat. no. ab15580; 1:1,000;
Abcam) at 4°C overnight. The slides were then gently rinsed
with PBS and developed using the Envision system/HRP (cat.
no. K400911; Dako; Agilent Technologies, Inc.) for 30 min
and substrate-chromogen (3,3'-diaminobenzidine) at room
temperature. The nuclei were counterstained with Mayer's
hematoxylin for 3 min at room temperature. The percentage of
positive stains under a fluorescent microscope (Olympus X71)
was recorded. The Ki-67 proliferation index was automatically
evaluated using the ImagelJ plugin ‘THC profiler’ (17).
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To quantify angiogenesis, microvessel density (MVD)
was assessed by immunostaining with an anti-CD31 antibody
(no dilution; cat. no. MAB-0031; Fuzhou Maixin Biotech
Co., Ltd.), as previously described (18). The sections were
observed at a low magnification (x100), and the densest area
of microvessels was selected and counted at a high magni-
fication. Microvessel number was recorded by counting any
positively stained endothelial cell or endothelial cell cluster as
a single, countable microvessel in a high-power field (HPF;
x200). The 10 most neovascularized regions were selected for
each sample. The mean of the top three counts was used as the
microvessel count for each case.

Statistical analysis. Data are expressed as the mean + stan-
dard deviation of three independent experiments, each
performed in triplicate. Data were expressed as means
with standard error. SPSS software was used for statistical
analysis (version 23.0; IBM Corp.). Kolmogorov-Smirnov
was used to test for normality. Differences between groups
were assessed by two-way repeated measures ANOVA and
multiple comparisons by least significant difference (LSD)
post hoc test when the data had a normal distribution (tumor
xenograft model). The remaining data did not display normal
distribution, and was therefore analyzed with non-parametric
methods; Kruskal-Wallis H test comparing three groups
and Mann-Whitney U test as a post hoc test between any
two groups. P<0.05 was considered to indicate a statistically
significant difference.

Results

Downregulation of miR-1246 inhibits proliferation, and
induces apoptosis of SiHa cells. SiHa cells were infected
with LV-miR-1246-Inh and a stable anti-miR-1246 SiHa cell
line was established. Control lentiviruses were used to infect
SiHa cells as control. Compared with the expression in the
control group, LV-miR-1246-Inh-infected SiHa cells showed
significant downregulation of miR-1246 (P=0.001; Fig. 1A),
indicating stable knockdown of miR-1246.

Next, the role of miR-1246 in various cell processes,
including proliferation, apoptosis and invasion was evaluated.
In miR-1246-Inh-infected SiHa cells, proliferation was signifi-
cantly suppressed compared with that in the control groups
(NC and LV-NC; Fig. 1B). Flow cytometry revealed average
apoptotic rates of 1.78,6.00 and 16.10% in the NC, LV-NC and
LV-miR-1246-Inh groups, respectively. The apoptotic rate of
the LV-miR-1246-Inh group was increased compared with that
in the NC and LV-NC groups (both P=0.040; Fig. 1C), indi-
cating that miR-1246 downregulation significantly increased
apoptosis in this cervical cancer cell line. Furthermore, in
the LV-miR-1246-Inh group, the number of cells that invaded
the Transwell Matrigel-coated membrane was 71.3+4.27,
while that in the NC and LV-NC groups were 187.5+4.79 and
162.5+4.78, respectively (Fig. 1D), demonstrating altered cell
invasion upon miR-1246 knockdown (P=0.013; Fig. 1D).

Downregulation of miR-1246 induces cell cycle arrest in the
G1/S phase. Given that miR-1246 downregulation inhibited
SiHa cell proliferation, the effect of decreased miR-1246 on
cell cycle progression was determined. Analysis of the cell
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Figure 1. SiHa cell growth, cell cycle and invasion following miR-1246 downregulation. (A) miR-1246 expression in SiHa cells following infection with
LV-miR-1246-Inh or LV-NC compared with untreated NC. (B) Proliferation of SiHa cells following miR-1246 downregulation. (C) Cell apoptosis detected
by Annexin V-PE and 7-AAD labelling and flow cytometry. (D) Matrigel cell invasion assay showing the effects of LV-miR-1246-Inh on cell invasion.
Magnification, x200. (E and F) Cell cycle distribution determined by propidium iodide staining and flow cytometry highlighting the effects of LV-miR-1246-Inh
on cell populations in the G1 and S phases. "P<0.05, “P<0.01, “"P<0.001. miR-1246, microRNA-1246; LV, lentivirus; Inh, inhibitor; NC, negative control; PE,
phycoerythrin; 7-AAD, 7-aminoactinomycin D; OD, optical density.
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Figure 2. Knockdown of miR-1246 inhibits xenograft tumor growth. (A) Images of xenograft tumors following surgical removal. Top row: Tumors formed
following injection of untreated cells (NC). Middle row: Tumors formed after injection of LV-NC-infected cells. Bottom row: Tumors formed subsequent to
injection of LV-miR-1246-Inh-infected cells. (B) Growth curve of SiHa xenografts in athymic BALB/c nude mice. ‘P<0.05, “"P<0.001 vs. NC and LV-NC
groups. miR-1246, microRNA-1246; LV, lentivirus; Inh, inhibitor; NC, negative control.

cycle distribution of SiHa cells indicated that the average
number of cells in G1 phase increased in cells infected with
LV-miR-1246-Inh (78.59%) compared with LV-NC (71.52%,
P=0.042) and NC (61.79%, P=0.042; Fig. 1E). Additionally,
the cell population in the S phase was reduced sharply in the
LV-miR-1246-Inh group (10.48%) compared with the LV-NC
(24.21%,P=0.027) and NC groups (15.49%, P=0.027; Fig. 1F).

Downregulation of miR-1246 inhibits tumor growth. To
elucidate the role of miR-1246 in tumor growth, SiHa cells
of each treatment group (NC, LV-NC and LV-miR-1246-Inh)
were injected into nude mice, and the growth of the xenograft
tumors was monitored. Each subgroup contained 5-6 mice,
and the experiment was repeated three times (n=16) for each
group. Mice were euthanized when the average tumor volume
was >500 mm’. During the four weeks of observation, three
mice in the NC group and one mouse in the LV-NC group
<5 weeks old died of anorexia and injury in the third week,
although the skin was disinfected and the mice were shifted
to another cage to ensure sufficient access to food. The tumor
volume in the NC group was lower on day 17 following
inoculation compared with that in the LV-miR-1246-Inh group
(Fig. 2B; P<0.05). The xenograft tumors derived from cells
with miR-1246 downregulation grew slowly compared with
those in the two control groups, indicating that downregula-
tion of miR-1246 markedly inhibited tumor development
(Fig. 2A and B).

Antiproliferative and antiangiogenic effect of miR-1246
downregulation in xenograft tumors. To investigate the growth
of the xenograft tumors from the different groups, the Ki-67
proliferative index was used as a measure of the proliferative
activity. Fig. 3A shows representative immunostaining images
for the three groups. In the LV-miR-1246-Inh group, Ki67 level
(60.93+13.36%) was significantly lower compared with that in
the control groups (NC, 89.8+2.76%; LV-NC, 86.54+6.03%;
P<0.001).

To investigate the effect of miR-1246 downregulation on
angiogenesis, MVD was assessed following CD31 staining. The
MVD of the NC and LV-NC group were similar (3.95+1.48 and
3.58+1.19 microvessels/HPF, respectively; Fig. 3B). However,
the MVD was significantly lower in the LV-miR-1246-Inh
group (2.08+1.20 microvessels/HPF; P<0.001) than in the NC
and LV-NC groups.

Downregulation of miR-1246 increases THBS2 protein
expression and induces changes in the THBS2/MMP signaling
pathway. THBS2 is a predicted miR-1246 target gene (10). To
evaluate whether THBS2 was affected by miR-1246 down-
regulation, the protein level of THBS2 was examined by
western blotting. THBS2 protein expression in cells infected
with LV-miR-1246-Inh was significantly higher than that
observed in the control groups (Fig. 4A). These data suggest
that downregulation of miR-1246 leads to increased expression
of THBS2 in SiHa cells.

The expression levels of ECM, MMP2 and MMP9 proteins
were also examined to further investigate the role of miR-1246
in regulating THBS?2 signaling (Fig. 4). The expression of
ECM components was increased following miR-1246 knock-
down compared with that in the LV-NC and NC groups. In
contrast, MMP2 and MMP9 levels were decreased in the
miR-1246-silenced cells compared with the LV-NC and NC
groups. There were no significant differences in the expression
levels of these proteins between the NC and LV-NC groups.
Thus, downregulation of miR-1246 in SiHa cervical cancer
cells significantly elevated the expression of THBS2 and ECM,
and decreased expression of MMP2 and MMP?9, suggesting
that miR-1246 inhibits the THBS2 signaling pathway.

Discussion
A number of tumor-suppressor genes and oncogenes are aber-

rantly expressed in CSCC, including the pro-apoptotic protein
Bax, which is frequently inactivated in carcinoma, and tumor
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protein p53, which serves a key role in cervical cancer (19).
Previous studies (20-22) have provided significant new infor-
mation concerning the function of noncoding RNAs, including
miRNAs, in cervical cancer pathogenesis. In the present study,
the role of miR-1246 in SiHa cervical cancer cells and tumor
xenografts was investigated. Lentiviruses expressing shRNA
against miR-1246 were used to downregulate miR-1246 expres-
sion, and the effects of miR-1246 downregulation on cellular
processes and tumor growth were evaluated, with particular
emphasis on the THBS2/ECM/MMP signaling pathway.
miR-1246 wasidentified in 2008 during microRNA profiling
of human stem cells (23).In 2015, Krissansen et al (24) revealed
that miR-1246 was significantly upregulated in the sera of
patients with inflammatory bowel disease, Crohn's disease
and ulcerative colitis compared with healthy individuals.

Furthermore, in a study evaluating 168 patients with cancer and
65 healthy controls, Todeschini e al (25) identified miR-1246
as a potential diagnostic biomarker for high-grade serous
ovarian carcinoma, with a sensitivity of 87%, a specificity of
77%, and an accuracy of 84%. The link between miR-1246
and cancer pathogenesis has been investigated in other studies.
Zhang et al (26) showed that miR-1246 confers tumorigenicity
and is required for lung cancer metastasis in non-small cell
lung cancer (NSCLC) via the tumor-initiating cell model.
Inhibition of miR-1246 appeared to decrease stemness and
epithelial-mesenchymal transition in NSCLC, in addition to
suppressing proliferation, sphere-formation, colony formation
and invasion (27). Additionally, Hasegawa et al (28) demon-
strated that miR-1246 increased the tumor-initiating potential
of cells and induced drug resistance in vivo, and it was showed
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that high miR-1246 expression correlated with poor prognosis
in patients.

Notably, the present study is not the first to investigate
the molecular mechanism of miR-1246 in cervical cancer. In
our own laboratory, the full miRNA profile of patients with
CSCC was screened and it was demonstrated that miR-1246
is expressed at similar levels in the serum and cervical tumor
tissues of patients with lymph node metastasis (10). These data
are consistent with the study by Takeshita er al (29), which
reported that miR-1246 expression can be used to differen-
tiate patients with esophageal squamous cell carcinoma from
healthy individuals, indicating that this miRNA may also have
applications as a marker for lymph node metastasis in CSCC.
Despite significant efforts to understand miR-1246 function in
CSCC and other type of cancer, its mechanism remains unclear.

In the present study, miRNA knockdown was performed
to evaluate the role of miR-1246 in CSCC tumorigenesis and
progression. The role of miR-1246 in these processes has
been previously investigated in a similar study using the same
cell line. The expression of miR-1246 has been transiently
upregulated or downregulated by transfection of analogs and
antagonists with Lipofectamine® 2000 (11). THBS2 has been
characterized as a functional target of miR-1246 by luciferase
reporter gene assays and western blot analysis (11). However,
in the present study, the effects of LV-miR-1246-Inh infection
in SiHa cells were evaluated in more depth, focusing on cell
proliferation, apoptosis and invasion following stable miR-1246
knockdown. Additionally, the present study investigated the
role of the THBS2/ECM signaling pathway in cervical cancer
using a tumor xenograft model. The results of the current
study indicated that, compared with control cells, the growth
rate of cells infected with LV-miR-1246-Inh was reduced, as
was the capacity for invasion. Apoptosis of the cervical cells
was increased when miR-1246 was knocked down. Moreover,
downregulation of miR-1246 arrested the cell cycle in the G,
phase. Further studies of the molecular mechanisms under-
lying this phenomenon are required to identify the changes
in regulatory proteins that control the G,/S transition. These
results indicate that miR-1246 may function as an oncogene
in CSCC development and progression, and that miR-1246
downregulation inhibits tumor growth and impairs cervical
cancer cell invasion.

Notably, the identification of miR-1246-specific target
genes has provided new insights into the mechanisms under-
lying its role in cancer development. THBS2 (also called
TSP2) is an miR-1246 target gene (11). THBS gene and/or
protein expression is significantly correlated with decreased
microvessel count in oral cancer (30), gastric cancer (31),
colorectal cancer (32), NSCLC (33), glioma (34) and pancre-
atic cancer (35). In cervical cancer, the microvessel count
in patients lacking THBS2 expression is higher than that
observed in patients expressing it, although this difference is
not statistically significant (36). In the present study, inhibition
of miR-1246 was associated with THBS2 upregulation. The
tumor growth index was decreased in the xenograft tumors
of the LV-miR-1246-Inh group, consistent with the in vitro
results showing increased apoptosis and cell cycle arrest in
SiHa cells with miR-1246 knocked down. In addition, in the
LV-miR-1246-Inh group, MVD was decreased and THBS2
expression was increased. It has been suggested that THBS2
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serves a unique role in the control of angiogenesis, as well as
tumor growth and metastasis, and downregulation of THBS2
has been associated with tumor progression and poor prog-
nosis in cervical cancer (36). In the present study, miR-1246
downregulation resulted in increased expression of THBS2,
but decreased expression of MMP2 and MMPO. These data
are consistent with a previous study showing that THBS2
overexpression downregulated MMP2 and MMP9 expres-
sion in a human colon carcinoma cell line (37). However, a
study by Chen et al (38) found conflicting results, as THBS2
was observed to promote prostate cancer bone metastasis
via MMP?2 upregulation. These data suggest that the role of
THBS2 may differ among different cancer types.

Degradation of the basement membrane and remodeling
of the ECM by matrix metalloproteinases, including MMP2
and MMPD9 is essential in tumor invasion and metastasis (39).
Hirose et al (40) previously demonstrated that decreased
THBS?2 affects the levels of MMP2 and MMP9, and the
THBS2/MMP interaction directly modulates the metabolism
of the ECM. This observation was supported by the results of
the present study, as ECM proteins levels, potentially upregu-
lated due to THBS2/MMP interaction, were altered with
miR-1246 downregulation. Taken together, these data show
that miR-1246 may serve a distinct role in cervical cancer cell
growth and tumor pathogenesis by regulating THBS2 expres-
sion, which subsequently alters the expression and function of
MMPs. These changes have a profound impact on the ECM
and ECM-related processes, including invasion, proliferation
and apoptosis.

In summary, the present study provides evidence of the
essential biological role of miR-1246 in cervical cancer
pathogenesis and identifies the THBS2/MMP/ECM pathway
as a potential target in cervical cancer cells. These findings
provide a hypothesis for the future use of miR-1246 suppres-
sion in the treatment of cervical cancer. Although large-scale
and long-term follow-up studies are needed to confirm the role
of miR-1246 and THBS2 in cervical cancer, the present study
firmly supports the essential role of miR-1246 in cervical
cancer cell invasion and metastasis.
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