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MicroRNA-889-3p targets FGFR2 to inhibit
cervical cancer cell viability and invasion

YU SUN, YAN CHENG, YAN ZHANG and KUN HAN

Department of Obstetrics and Gynecology, Weifang People's Hospital, Weifang, Shandong 261041, PR. China

Received September 8, 2018; Accepted May 2, 2019

DOI: 10.3892/etm.2019.7675

Abstract. MicroRNAs (miRNAs) are frequently dysregulated
in cervical cancer, and the aberrant regulation of miRNAs
may be involved in the regulation of various cancer-associated
biological processes. Therefore, further exploration of the
specific roles of dysregulated miRNAs in cervical cancer and
their associated mechanism may promote the development of
effective therapeutic approaches. miRNA-889-3p (miR-889)
serves crucial roles in esophageal squamous cell carcinoma
and hepatocellular carcinoma. However, to the best of our
knowledge, no studies concerning the relationship between
miR-889 and cervical cancer were performed. The aims of
this study were to measure miR-889 expression in cervical
cancer and to examine the potential effects of miR-889 in
cervical cancer development on a molecular level to provide
potential clinical insight. The present study revealed that
miR-889 was downregulated in cervical cancer tissues and
cell lines. Reduced miR-889 expression was significantly
associated with International Federation of Gynecology and
Obstetrics cancer staging and with lymph node metastasis. In
addition, miR-889 overexpression reduced cervical cancer cell
viability and invasive ability. Using bioinformatics analysis,
fibroblast growth factor receptor 2 (FGFR?2) was predicted to
be a potential target of miR-889, which was confirmed using
luciferase reporter assay. Reverse transcription-quantitative
PCR and western blot analysis results suggested that miR-889
overexpression decreased FGFR2 expression in cervical
cancer cells at the mRNA and the protein level, respectively.
Conversely, FGFR2 silencing using small interfering RNA
imitated the tumor suppressive effects of miR-889 overexpres-
sion in cervical cancer cells, which was successfully reversed
by plasmid-facilitated FGFR?2 overexpression. These observa-
tions demonstrated that miR-889 may serve tumor suppressive
roles in cervical cancer by directly targeting FGFR2, which
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indicated that this miRNA may be a promising therapeutic
target for patients with cervical cancer.

Introduction

Cervical cancer is one of the most common gynecological
malignancies and is currently the fourth most common cause
of cancer-associated mortality worldwide (1). According to
data obtained from Global cancer statistics (2), it is estimated
that there were 569,847 new cases and 311,365 mortalities in
2018 as a result of cervical cancer.

Although human papillomavirus (HPV) infection has been
demonstrated to be closely associated with the pathogenesis
of cervical cancer, HPV alone cannot be accounted for as
the sole cause of this disease (3,4). Clinical outcomes for
cervical cancer remain unsatisfactory despite improvements
in diagnostic techniques and therapeutic approaches, including
surgery, radiotherapy and chemotherapy (5). The primary
reasons for poor prognosis in patients with cervical cancer
include recurrence, invasion and metastasis (6). Therefore, it is
of urgent concern to fully elucidate the mechanism underlying
the aggressive pathophysiology of this disease, to identify
effective therapeutic interventions and to improve patient
prognosis.

In the past few decades, microRNAs (miRNAs) have been
implicated in tumorigenesis and tumor development (7-9).
miRNAs are a class of non-coding short RNA molecules,
18-24 nucleotides in length (10) that regulate gene expres-
sion by binding to target sites in the 3'-untranslated regions
(3'-UTRs) of target mRNAs, resulting in translation suppres-
sion and/or mRNA degradation (11). To date, >2,500 miRNAs
have been identified in the human genome (12), with ~60% of
protein-coding genes reported to be targeted by miRNAs (13).
Dysregulation of miRNA function has been documented in
nearly all types of human malignant tumors such as cervical
cancer (14-16). miRNAs may be involved in the modulation
of cervical carcinogenesis and progression by acting as either
oncogenes or tumor suppressors (17-19). Therefore, unravel-
ling the downstream consequences of miRNA dysregulation
in cervical cancer is of clinical importance for the identifica-
tion of effective biomarkers for the diagnosis and prognosis
of cervical cancer in addition to the development of novel
therapeutic approaches for patients with this malignancy.

microRNA-889-3p (miR-889) has been previously demon-
strated to serve crucial roles in esophageal squamous cell
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carcinoma (20) and hepatocellular carcinoma (21). However,
to the best of our knowledge, no studies concerning the
relationship between miR-889 and cervical cancer have been
performed. Therefore, the aim of this study was to investigate
miR-889 expression in cervical cancer and its clinical signifi-
cance, and to examine the potential effects of miR-889 in
cervical cancer development on a molecular level. Expression
and functions of fibroblast growth factor receptor 2 (FGFR?2)
have been extensively studied in multiple human cancer
types (22-25). FGFR2 is highly expressed in cervical cancer
tissues (26). In the present study, FGFR2 was predicted as
a potential target of miR-889. A series of experiments were
performed to validate whether FGFR2 was a direct target
gene of miR-889 in cervical cancer, and whether a decrease
of FGFR2 was responsible for the activity of miR-889 overex-
pression in cervical cancer cells.

Materials and methods

Ethical approval and collection clinical tissues. This study
was approved by the Ethics Committee of Weifang People's
Hospital (Weifang, China), and written informed consent was
provided by all individuals who participated in the present
study. In total, 49 pairs of cervical cancer tissues and matched
non-cancerous tissues were obtained from patients with
cervical cancer (age range, 46-71 years) following surgical
resection at Weifang People's Hospital between June 2015 and
August 2017. The inclusion criteria were patients diagnosed
with cervical cancer and treated with surgical resection. In
addition, none of the patients received radiotherapy or chemo-
therapy prior to surgery. Patients treated with preoperative
radiotherapy or chemotherapy were excluded from this study.
All tissues were promptly snap-frozen in liquid nitrogen
following surgical resection and stored at -80°C until further
use.

Cell lines and culture conditions. A total of four human
cervical cancer cell lines (HeLa, C-33A, CaSki and SiHa) and
a normal human cervical epithelial cell line (Ectl/E6E7) were
purchased from American Type Culture Collection. All cell
lines were maintained in Dulbecco's modified Eagle's medium
(DMEM) supplemented with 10% FBS, 100 U/ml penicillin
and 100 pg/ml streptomycin (all from Invitrogen; Thermo
Fisher Scientific, Inc.) in a humidified atmosphere at 37°C
under 5% CO,.

Cell transfection. The miR-889 mimic and negative control
miRNA mimic (miR-NC) were chemically constructed by
Guangzhou RiboBio Co., Ltd. The miR-889 mimics sequence
was 5'-UUAAUAUCGGACAACCAUUGU-3' and the miR-NC
sequence was 5-UUCUCCGAACGUGUCACGUTT-3'. Small
interfering RNA (siRNA) targeting FGFR2 and negative
control siRNA (NC siRNA) were purchased from Shanghai
GenePharma Co., Ltd. The FGFR2 siRNA sequence was
5'-GGAGGUGCUUCACUUAAGATT-3' and the NC siRNA
sequence was 5-UUCUCCGAACGUGUCACGUTT-3" The
pcDNA3.1-FGFR2 overexpression vector (pc-FGFR?2) lacking
its 3'-UTR, and the empty pcDNA3.1 vector were purchased
from the Chinese Academy of Sciences. Cells were seeded
(6x10° cells/well) into 6-well plates 24 h prior to transfection
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and subsequently transfected with miR-889 mimic (100 pmol),
miR-NC (100 pmol), FGFR2 siRNA (100 pmol), NC siRNA
(100 pmol), pc-FGFR2 (4 ug) or empty pcDNA3.1 vector
(4 ug) using Lipofectamine® 2000 reagent (Invitrogen; Thermo
Fisher Scientific, Inc.). Transfection was performed at room
temperature according to manufacturer's protocols. Reverse
transcription-quantitative PCR (RT-qPCR) and western blot
analysis were conducted 48 and 72 h following transfec-
tion, respectively. Cell Counting Kit-8 (CCK-8) assay was
performed on transfected cells 24 h after transfection, whereas
invasion assay was conducted 48 h following transfection.

RT-qPCR. For the measurement of miR-889 and FGFR2
mRNA expression, total RNA was isolated from tissues (50 mg)
or cells (1x10% using TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) according to manufacturer's protocol. A
Nanodrop 2000 spectrophotometer (Thermo Fisher Scientific,
Inc.) was utilized to assess the concentration and quality of
total RNA. For the detection of miR-889 expression, total RNA
was reverse-transcribed into cDNA using miScriptIl Reverse
Transcription Kit (Qiagen China Co., Ltd.) according to the
manufacturer's protocol. The cDNA was subsequently subjected
to qPCR using miScript SYBR® Green PCR Kit (Qiagen China
Co., Ltd.) according to manufacturer's protocol. The thermocy-
cling conditions for gPCR were as follows: 95°C for 2 min, 95°C
for 10 sec, 55°C for 30 sec and 72°C for 30 sec, for 40 cycles.

For the measurement of FGFR2 mRNA expression,
cDNA was generated from RNA using Prime-Script Reverse
Transcription Reagent Kit (Takara Biotechnology Co., Ltd.)
according to the manufacturer's protocol. qPCR was performed
using SYBR Premix Ex Tag™ Kit (Takara Biotechnology Co.,
Ltd.) according to the manufacturer's protocol. The thermo-
cycling conditions for gPCR were as follows: 5 min at 95°C,
followed by 40 cycles of 95°C for 30 sec and 65°C for 45 sec.
U6 small nuclear RNA and GAPDH served as loading controls
and for normalization of miR-889 and FGFR2 mRNA expres-
sion, respectively. The 224% method was applied to quantify
relative gene expression (27). The following primer pairs
were used for the qPCR: miR-889, forward 5-ACACTCCAG
CTGGGTTAATATCGGACAAC-3' and reverse 5-TGGTGT
CGTGGAGTCG-3'; U6, forward 5'-CTCGCTTCGGCAGCA
CA-3" and reverse 5'-AACGCTTCACGAATTTGCGT-3";
FGFR2, forward 5-CGCTGGTGAGGATAACAACACG-3'
and reverse 5"-TGGAAGTTCATACTCGGAGACCC-3"; and
GAPDH, forward 5-AACGGATTTGGTCG-TATTG-3' and
reverse 5-GGAAGATGGTGATGGGATT-3".

CCK-8 assay. A total of 100 pl culture medium containing
~3,000 cells were seeded into each well of 96-well plates
24 h after transfection. Five replicates were set for every
group. The culture plates were incubated at 37°C under 5%
CO, for 0, 24, 48 and 72 h before 10 ul of CCK-8 solution
(Dojindo Molecular Technologies, Inc.) was added into each
well. Following a further 2 h of incubation, absorbance was
measured at 450 nm using a microplate reader (Bio-Rad
Laboratories, Inc.) to determine cell viability.

Invasion assay. The invasive ability of the cells was examined
using 24-well Transwell® chambers (pore size, 8 pm; Corning
Inc.) pre-coated with Matrigel (BD Biosciences). Cells were
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serum-starved for 12 h then harvested and resuspended in
FBS-free DMEM prior to being seeded into the upper cham-
bers at a density of 5x10* cells/well 48 h following transfection.
A total of 500 pl DMEM supplemented with 10% FBS was
added into the lower chambers, which served as the chemoat-
tractant. Following 24 h of incubation, cells remaining on the
upper side of the chambers were mechanically removed using
a cotton swab. Cells that successfully invaded were fixed with
4% paraformaldehyde at room temperature for 30 min, stained
with 0.1% crystal violet at room temperature for 30 min
and washed with PBS. The average number of invaded cells
was counted using a light microscope (magnification, x200;
Olympus Corporation) from five randomly chosen microscopic
fields of view for each membrane.

Bioinformatics prediction. TargetScan (Release 7.2;
http://www.targetscan.org/vert_72/) and miRDB (www.
mirdb.org) were used to search for potential miR-889 targets.
Hsa-miR-889-3p was entered into the searching bar and a list
of potential target genes were obtained.

Dual-luciferase reporter assay. The wild-type (WT) miR-889
target site in the 3'-UTR of FGFR2 or a mutant (MUT) 3'-UTR
were amplified by Shanghai GenePharma Co., Ltd. and
inserted into the pMIR-GLO™ Luciferase vector (Promega
Corporation) downstream of the firefly luciferase coding region.
The generated luciferase reporter plasmids were defined as
pMIR-FGFR2-3-UTR WT and pMIR-FGFR2-3'-UTR MUT
thereafter. Cells were seeded into 24-well plates at a density of
1x10° cells/well one day prior to transfection. miR-889 mimic
(20 pmol) or miR-NC (20 pmol) were co-transfected with
pMIR-FGFR2-3'-UTR WT (0.2 ug) or pMIR-FGFR2-3'-UTR
MUT (0.2 ug) using Lipofectamine 2000, in accordance with
the manufacturer's protocol. Co-transfection was performed at
room temperature then co-transfected cells were incubated at
37°C under 5% CO, for 48 h. Using a Dual-Luciferase Reporter
Assay System (Promega Corporation), luciferase activity was
assessed 48 h after incubation according to the manufacturer's
protocol. Firefly luciferase activity was normalized to Renilla
luciferase activity.

Western blot analysis. Cells (1x10%) and tissues (100 mg)
were washed with PBS prior to protein extraction using
radioimmunoprecipitation assay buffer (Sigma-Aldrich;
Merck KGaA). Protein concentration was measured using
Bicinchoninic Acid protein assay kit (Sigma-Aldrich; Merck
KGaA). Equal amounts of protein (30 pg) were separated
by 10% SDS-PAGE, transferred to polyvinylidene difluoride
membranes and blocked at room temperature for 2 h with 5%
non-fat milk powder diluted in Tris-buffered saline containing
0.1% Tween-20 (TBST). Following incubation overnight at
4°C with primary antibodies, the membranes were washed
with TBST and incubated at room temperature for 1 h with
horseradish peroxidase-conjugated goat anti-mouse secondary
antibody (1:5,000 dilution; cat. no. ab205719; Abcam). To
visualize the protein bands ECL™ Western Blotting Detection
Reagents (GE Healthcare) was used. The primary antibodies
used in this study were as follows: FGFR2 (1:1,000 dilution;
cat. no. ab58201; Abcam) and GAPDH (1:1,000 dilution; cat.
no. ab9482; Abcam). Quantity One software version 4.62
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Table I. Association between miR-889 expression and clinico-
pathological features of patients with cervical cancer.

miR-889 expression

Clinicopathological feature Low High P-value

Age (years) 0.444
<55 11 8
=55 14 16

Tumor size (cm) 0.588
<4 8 6
=4 17 18

Family history of cancer 0413
Yes 4 2
No 21 22

FIGO stage 0.030
I-II 10 17
HI-1v 15 7

Lymph node metastasis 0.012
No 11 19
Yes 14 5

miR, microRNA; FIGO, International Federation of Gynecology and
Obstetrics.

(Bio-Rad Laboratories, Inc.) was employed for performing
densitometric analysis to quantify protein expression.

Statistical analysis. All data were presented as the
mean + standard deviation from at least three separate experi-
ments. SPSS software version 16.0 (SPSS, Inc.) was used to
perform all statistical analyses. y* test was applied to determine
the association between miR-889 expression and clinicopatho-
logical factors in patients with cervical cancer. Student's t-test
was used to analyze differences between two groups. Differences
between multiple groups were compared using one-way analysis
of variance followed by Tukey's post-hoc test. P<0.05 was
considered to indicate a statistically significant difference.

Results

miR-889 expression is reduced in cervical cancer tissues
and cell lines. RT-qPCR analysis was performed to measure
miR-889 expression levels in 49 pairs of cervical cancer
tissues and matched non-cancerous tissues. A significantly
lower level of miR-889 expression was observed in cervical
cancer tissues compared with their corresponding matched
noncancerous tissues (P<0.05; Fig. 1A). Subsequently, the asso-
ciation between miR-889 and a number of clinicopathologic
factors were investigated in patients with cervical cancer. All
patients were divided into either low or high miR-889 expres-
sion groups using the median value of miR-889 in cervical
cancer tissues as the cutoff value. Low miR-889 expression
was demonstratively associated with International Federation
of Gynecology and Obstetrics (FIGO) stages (P=0.030) and
increased lymph node metastasis (P=0.012; Table I).
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Figure 1. miR-889 expression levels are reduced in cervical cancer tissues and cell lines. (A) RT-qPCR was performed to measure and compare miR-889
expression levels in 49 pairs of cervical cancer tissues and matched noncancerous tissues. "P<0.05 vs. non-cancerous. (B) Expression of miR-889 levels
was determined in four human cervical cancer cell lines (HeLa, C-33A, CaSki and SiHa) and a normal human cervical epithelial cell line (Ectl/E6E7) by
RT-qPCR. "P<0.05 vs. Ectl/E6E7. miR, microRNA; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

To support this observation, the level of miR-889 mRNA
expression was measured and assessed in four human cervical
cancer cell lines (HeLa, C-33A, CaSki and SiHa) and a
normal human cervical epithelial cell line (Ectl/E6E7) using
RT-qPCR. miR-889 was demonstrated to be significantly
lower in all four of the cervical cancer cell lines compared
with expression in Ectl/E6E7 cells (P<0.05; Fig. 1B). These
results suggested that miR-889 expression is downregulated
in cervical cancer, and may be linked with the development of
this malignancy.

miR-889 inhibits cervical cancer cell viability and inva-
sion. HeLa and SiHa cells exhibited the lowest expression
levels of miR-889 among the four cervical cancer cell lines
(Fig. 1B); therefore, these two cervical cancer cell lines were
chosen for subsequent experiments. To assess the role of
miR-889 in cervical cancer malignant phenotype, HeLa and
SiHa cells were transfected with either the miR-889 mimic
or miR-NC. Successful upregulation of miR-889 expression
after miR-889 mimic transfection was verified in the two
cell lines using RT-qPCR (P<0.05; Fig. 2A). The effect of
miR-889 upregulation on HeLa and SiHa cell viability was
investigated using CCK-8 assay; miR-889 mimic transfection
significantly inhibited HeLLa and SiHa cell viability compared
with cells transfected with miR-NC at 48 and 72 h post-trans-
fection (P<0.05; Fig. 2B). The role of miR-889 transfection on
cervical cancer cell invasion was also examined. HeLa and
SiHa cells transfected with the miR-889 mimic exhibited a
significantly reduced number of invading cells compared with
miR-NC-transfected cells (P<0.05; Fig. 2C). These results
suggested that miR-889 may serve a tumor suppressive role in
cervical cancer.

FGFR?2 is a direct target of miR-889 in cervical cancer
cells. To decipher the mechanism of involvement in cervical
cancer tumorigenesis, bioinformatic screens were used
to predict the putative targets of miR-889. In particular,

FGFR2 was predicted to be a potential target of miR-889
according to TargetScan and miRDB (Fig. 3A). Since
FGFR2 has been previously reported to be closely associ-
ated with cervical cancer tumorigenesis in addition to
being directly targeted by a number of miRNAs in other
malignancies (23,26,28-30), it was chosen for further study.
Luciferase reporter assay was used to determine if miR-889
can directly bind to the 3'-UTR of FGFR2 in cervical cancer
cell lines. Compared with cells transfected with the miR-NC,
miR-889 mimic overexpression significantly reduced lucif-
erase activity in HeLa and SiHa cells transfected with the
pMIR-FGFR2-3'-UTR WT plasmid (P<0.05), but exerted no
significant effects on luciferase activity in cells transfected
with the p-MIR-FGFR2-3'-UTR MUT plasmid (Fig. 3B).
RT-qPCR and western blot analysis were subsequently
performed to evaluate the effects of miR-889 mimic trans-
fection on endogenous FGFR2 expression in cervical cancer
cells. The levels of FGFR2 mRNA (P<0.05; Fig. 3C) and
protein (P<0.05; Fig. 3D) expression were significantly
reduced in HeLa and SiHa cells following miR-889 mimic
transfection compared with cells transfected with miR-NC.
These results suggested that FGFR2 is a direct target of
miR-889 in cervical cancer cells.

FGFR2 knockdown mimics the suppressive effects of miR-889
overexpression on cervical cancer cell lines. Since FGFR2
was identified as a direct target of miR-889, the physiological
function of FGFR2 was investigated in cervical cancer cell
lines. FGFR2 siRNAs were chemically synthesized and
transfected into HeLa and SiHa cells to suppress endog-
enous FGFR2 expression. Western blot analysis verified the
efficiency of FGFR2 knockdown in HeLa and SiHa cells
following FGFR2 siRNA transfection (P<0.05; Fig. 4A).
FGFR2 knockdown resulted in a significant reduction in
HeLa and SiHa cell viability (P<0.05; Fig. 4B) and invasive
ability (P<0.05; Fig. 4C), an observation that was similar to
that caused by miR-889 overexpression (Fig. 2). These results
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further suggested that FGFR2 may be a functional target of
miR-889 in cervical cancer cells.

FGFR?2 overexpression rescues miR-889-mediated suppres-
sion of cervical cancer cell viability and invasion. To explore
whether FGFR2 is a direct downstream mediator of miR-889,
rescue experiments were performed in HeLa and SiHa cells by
co-transfecting cells with pc-FGFR2 overexpression plasmids.
First, western blot analysis confirmed that FGFR2 protein
expression was significantly upregulated in HeLa and SiHa
cells transfected with pc-FGFR2 compared with pcDNA3.1
empty vector (P<0.05; Fig. 5A). Subsequently, HeLa and SiHa
cells were co-transfected with miR-889 mimic and either
pc-FGFR2 or empty pcDNA3.1 vector. Western blot analysis
demonstrated that miR-889 mimic-induced suppression
of FGFR2 expression was rescued in HeLa and SiHa cells
co-transfected with pc-FGFR2, but not in those transfected
with pcDNA3.1 (P<0.05; Fig. 5B). Similarly, FGFR2 overex-
pression reversed the suppressive effects of miR-889 mimic
on HeLa and SiHa cell viability (P<0.05; Fig. 5C) and invasive
ability (P<0.05; Fig. 5D). Taken together, these results further

suggested that FGFR2 may be at least partially involved in
the miR-889-mediated suppression of cervical cancer cell
viability and invasion.

Discussion

miRNAs have regularly been found to be dysregulated in
cervical cancer (31). Indeed, the dysregulation of miRNAs
has been reported to contribute to a number of processes
associated with cancer pathophysiology, including cell
proliferation, cell cycle, apoptosis, epithelial-mesenchymal
transition, metastasis, angiogenesis and resistance to chemo-
and radiotherapy (32-34). Therefore, a thorough understanding
of the mechanism underlying cervical cancer carcinogenesis
and progression is crucial for early diagnosis and improving
patient outcome (14). In particular, further exploration on the
specific roles of dysregulated miRNAs in cervical cancer and
their associated mechanism may provide an avenue for the
development of effective therapeutic approaches.

miR-889 is upregulated in esophageal squamous cell
carcinoma tissues and cell lines (20). Upregulation of miR-889
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Figure 5. FGFR2 overexpression rescues miR-889-mediated suppression of cervical cancer cell viability and invasion. (A) pc-FGFR2 or empty pcDNA3.1
plasmid was transfected into HeLa and SiHa cells, and FGFR2 protein expression was determined using western blot analysis. "P<0.05 vs. pcDNA3.1.
(B) pc-FGFR2 or pcDNA3.1 was co-transfected with miR-889 mimic in HeLa and SiHa cells. Western blot analysis was used to measure FGFR2 protein
expression 72 h following transfection. ‘P<0.05 vs. miR-NC; "P<0.05 vs. miR-889 mimic + pcDNA3.1. (C) Cell viability and (D) invasive ability of HeLa and
SiHa cells were assessed using Cell Counting Kit-8 and Matrigel invasion assays, respectively. P<0.05 vs. miR-NC; "P<0.05 vs. miR-889 mimic + pcDNA3.1.
FGFR?2, fibroblast growth factor receptor 2; miR, microRNA; NC, negative control; pc-FGFR2, pcDNA3.1-FGFR2; siRNA, small interfering RNA.

expression prohibits esophageal squamous cell carcinoma
cell growth in vitro and in vivo by directly targeting disabled
homolog-2 interactive protein (20). miR-889 is also down-
regulated by histone deacetylase inhibitors in hepatocellular
carcinoma cells (21). miR-889 overexpression attenuates
hepatocellular carcinoma cell susceptibility to natural killer
cell-mediated lysis by downregulating major histocompat-
ibility complex class I chain-related gene B (21). However,
the role of miR-889 in cervical cancer remains unclear. The
present study revealed that miR-889 expression was lower in
cervical cancer tissues and was found to be negatively associ-
ated with FIGO stages and lymph node metastasis. miR-889
overexpression inhibited viability and invasive ability of
cervical cancer cell lines. These results suggested that
miR-889 may be an attractive therapeutic target for patients
with this malignancy.

miRNAs exert their functions by directly targeting
different genes to regulate cellular processes (11). Specifically,
identifying the direct targets of miR-889 in cervical cancer
is important for elucidating their action on the malignant
signatures, which may be useful for the development of novel
therapeutic interventions. Therefore, to explore the mechanism
in which miR-889 attenuated the malignant phenotype of
cervical cancer cells, a bioinformatics screen was performed
to search for genes directly targeted by miR-889. This screen
identified FGFR2 as a potential miR-889 target, which was
subsequently validated using luciferase reporter assay.
Expression analysis of mRNA and protein levels found that

miR-889 upregulation markedly suppressed FGFR2 expres-
sion in cervical cancer cell lines. Supporting this, the effects
of miR-889 overexpression on the same cell lines could
be successfully mimicked by FGFR2 knockdown. Finally,
FGFR?2 overexpression abrogated the suppressive effects of
miR-889 on cervical cancer cell viability and invasion. These
findings strongly suggested that FGFR2 is a direct and func-
tional downstream target of miR-889 in cervical cancer cells.

The FGFR2 gene, located on human chromosome 10q26,
is a member of the FGF2/FGFR2 signaling pathway (35).
Previous studies have reported that FGFR2 is highly expressed
in a number of human cancers, including gastric (22),
thyroid (23), bladder (24) and breast cancer (25). FGFR2
serves a role in tumorigenesis by regulating a number of
physiological processes, including cell growth, apoptosis,
survival, metastasis, motility and angiogenesis (36). FGFR2
is expressed strongly in cervical cancer tissues and cell lines
in addition to associating with lymph node metastasis in
previous studies (26,28). Results from the present study indi-
cated that miR-889 directly targeted FGFR2 to suppress the
malignant phenotype of cervical cancer. Based on these data,
the miR-889/FGFR2 axis may serve as a potential therapeutic
target for patients with cervical cancer in the future.

In conclusion, to the best of our knowledge, this was the
first study to demonstrate the reduction of miR-889 expression
in cervical cancer tissues and cell lines, which was associated
with FIGO stages and lymph node metastasis. miR-889 overex-
pression suppressed cervical cancer cell viability and invasion
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by directly targeting FGFR2. Therefore, miR-889 may serve
important roles in cervical cancer physiology, suggesting this
miRNA to be a potentially novel therapeutic target. However,
the correlation between miR-889 and the prognosis of patients
with cervical cancer was not analyzed in this study; which is a
limitation of this study. In future investigations, prognosis data
of patients with cervical cancer will be collected to explore the
association between miR-889 expression and prognosis.
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