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Abstract. Breast cancer is the most common type of malig-
nancy in women, which remains a significant health concern 
worldwide. Gemcitabine is a frequently applied anticancer 
pharmacological agent. However, the efficacy of gemcitabine 
is limited by chemoresistance. In the present study, a combina-
tion of reverse transcription quantitative-PCR, cell viability, 
flow cytometry, luciferase reporter assay and western blot 
analysis were performed to elucidate the potential effects of 
miR-187-3p on gemcitabine sensitivity in the breast cancer 
cell line, MDA-MB-231. The results revealed that miR-187-3p 
was significantly decreased in the breast cancer tumor tissues. 
Moreover, the overexpression of miR‑187‑3p significantly inhib-
ited cell viability and promoted apoptosis in MDA-MB-231 
cells. In addition, miR-187-3p overexpression enhanced the 
anti-proliferative and pro-apoptotic effects of gemcitabine, 
indicating that miR-187-3p regulated gemcitabine sensitivity 
in breast cancer cells. Mechanistically, miR-187-3p negatively 
regulated the expression of fibroblast growth factor 9 (FGF9) 
by binding to its 3'-untranslated region. Overexpression of 
FGF9 reversed the aforementioned effects of miR‑187‑3p 
overexpression on cell viability and apoptosis in the presence 
of gemcitabine. In conclusion, the present study indicated that 
miR-187-3p increased gemcitabine sensitivity in breast cancer 
cells by targeting FGF9 expression.

Introduction

Breast cancer is one of the most diverse and complex types 
of human malignancy, which is a leading cause of mortality 
among women worldwide (1). In the USA, breast cancer 
diagnoses are particularly common, accounting for ~30% of 

all newly diagnosed malignancies; it was reported that breast 
cancer led to various malgnancies, which seriously affected 
patients' quality of life (1‑3).

Gemcitabine (2',2'‑difluorodeoxycytidine, dFdC) is a 
pyrimidine nucleoside analog that inhibits DNA replication 
and transcription, leading to cell apoptosis (4). It is frequently 
applied as a single agent as salvage chemotherapy following 
several lines of treatment (5). Considering prior treatment, 
dose and schedule, response rates to gemcitabine were typi-
cally 14‑42% (5). The combined use of gemcitabine with 
capecitabine, vinorelbine, platinum and other chemothera-
peutic agents can enhance the anticancer effects of the overall 
chemotherapy (6). Since Gemcitabine has been recommended 
by Chinese breast cancer diagnosis and treatment guide (2017) 
as an effective method in treating advanced breast cancer (7). 
Enhancing the therapeutic effects gemcitabine would be of 
great significance for the treatment of this disease.

MicroRNAs (miRNAs or miRs) are a class of evolution-
arily conserved non-coding RNAs that typically consist of ~22 
nucleic acids (8). They normally serve as post‑transcriptional 
regulators of gene expression by binding to the 3'untrans-
lated regions (3'UTRs) of target mRNAs to either inhibit 
translation or promote degradation (8). miRNAs have been 
reported to participate in a number of physiological processes, 
including proliferation, apoptosis, cell movement and stem 
cell renewal (8). Accumulating evidence has revealed that a 
wide variety of miRNAs are involved in oncogenesis (9). 
Of note, miR-187-3p has been revealed to be downregulated 
in colorectal cancer (10), renal cell carcinoma (11), prostate 
cancer (12), lung cancer (13) and breast cancer (14). In addition, 
miR-187-3p expression has also been previously associated with 
patient prognosis in breast cancer (14). However, the precise 
function of miR-187-3p in the pathophysiology of cancer 
remain controversial, as a previous study has demonstrated 
that miR-187 overexpression promotes lymphoma progression 
and enhances resistance to chemotherapy in peripheral T-cell 
lymphoma (15).

Fibroblast growth factor 9 (FGF9) is a member of the FGF 
family, which includes 23 family members each serving key 
functions including cellular differentiation, proliferation and 
tumorigenesis (16). FGFs bind to and activate FGF receptors, 
leading to the further activation of developmental signaling 
pathways that are responsible for a variety of biological 
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functions (17). The overexpression of FGF9 has been previ-
ously identified as a novel unfavorable prognostic indicator in 
lung cancer (18). Intracellular signaling pathways activated by 
FGF serve important roles in a wide range of malignancies, 
including breast cancer (17,19). Fillmore et al (20) revealed 
that estrogen could activate FGF9/FGFR3/T box transcrip-
tion factor 3 signaling to increase the numbers of breast 
cancer stem-like cells, whilst Yin et al (21) have previously 
reported that the miRNA‑FGF9 pathway is important for pleu-
ropulmonary blastoma development.

In the present study, it was revealed that the overexpres-
sion of miR-187-3p inhibited MDA-MB-231 cell proliferation, 
promoted apoptosis and reduced resistance to gemcitabine. 
Mechanistically, miR-187-3p overexpression resulted in the 
downregulation of FGF9 expression to regulate gemcitabine 
sensitivity in breast cancer cells, implicating miR-187-3p as a 
promising therapeutic target in the treatment of breast cancer.

Materials and methods

Clinical patient tissue samples. A total of 30 breast cancer 
tumor tissue samples and matched adjacent non-tumor tissue 
samples, 5 cm away from the tumors, were collected at 
Chifeng Municipal Hospital (Chifeng, China) from June 2015 
to July 2017. All samples were collected from women aged 
between 27 and 65 years with an average age of 48±11 years. 
Patients who have received any chemo- or radio- therapies 
were excluded from the study. Written informed consent was 
provided by all participants prior to enrollment. The present 
study was approved by the Ethics Committee of Chifeng 
Municipal Hospital (approval no. 20150602CFMH; Chifeng, 
China). All tissue samples were immediately frozen in liquid 
nitrogen following surgery and stored in a ‑80˚C refrigerator 
prior to use.

Cell culture and reagents. MDA-MB-231 human breast cancer 
cell line was purchased from the American Type Culture 
Collection and was subsequently cultured in DMEM (Life 
Technologies; Thermo Fisher Scientific, Inc.) supplemented 
with 10% FBS (HyClone; GE Healthcare Life Sciences) and 1% 
penicillin‑streptomycin solution (Life Technologies; Thermo 
Fisher Scientific, Inc.) in a humidified atmosphere at 37˚C and 
5% CO2. Gemcitabine was purchased from Sigma-Aldrich 
(Merck KGaA).

Transient transfection. miR‑187‑3p mimic (50 nM, 5'‑GGC 
CGA CGU UGU GUU CUG UGC U‑3') and miR‑NC mimic 
(50 nM, 5'‑UCG CUU GGU GCA GGU CGG GAA‑3') were 
purchased from Shanghai GenePharma Co., Ltd., pcDNA3.1 
(2 µg) and pcDNA‑FGF9 (2 µg) were purchased from Addgene, 
Inc. All transfections were performed into MDA-MB-231 
using Lipofectamine® 2000 transfection reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). After incubation for 48 h, cells 
were collected for the subsequent studies.

RNA extraction and reverse transcription‑quantitative 
PCR (RT‑qPCR. Total RNA was extracted from cultured 
MDA-MB-231 cells and tissues using TRIzol® (Invitrogen; 
Thermo Fisher Scientific, Inc.) and cDNA synthesis was 
performed at 37˚C for 15 min and 85˚C for 5 sec using a 

PrimeScript™ RT reagent kit (Takara Bio, Inc.) according to 
the manufacturer's protocols. RT-qPCR was performed in trip-
licate using SYBR® Premix Ex Taq™ (Takara Bio, Inc.) in a 
Bio‑Rad CFX96 Real‑Time PCR System (Bio‑rad Laboratories 
Inc.). The thermocycling conditions were as follows: 95˚C 
for 30 sec, followed by 35 cycles of 95˚C for 5 sec and 60˚C 
for 30 sec. Relative levels of miR-187-3p were normalized to 
that of U6 small nucleolar RNA, whereas those of FGF9 were 
normalized to GAPDH. The 2‑ΔΔCq method was used to quantify 
relative gene expression (22). The primer sequences used were 
listed as follows: Stem loop primer, 5'-CTC AAC TGG TGT CGT 
GGA GTC GGC AAT TCA GTT GAG CCG GCT-3'; miR-187-3p 
forward, 5'-GCC GAG TCG TGT CTT GTG TT-3' and reverse, 
5'-CTC AAC TGG TGT CGT GGA-3'; U6 forward, 5'-CTC AAC 
TGG TGT CGT GGA-3' and reverse, 5'-CTC AAC TGG TGT 
CGT GGA‑3'; FGF9 forward, 5'‑ATG GCT CCC TTA GGT GAA 
GTT-3' and reverse, 5'-CCC AGG TGG TCA CTT AAC AAA 
AC-3'; GAPDH forward, 5'-CAA TGA CCC CTT CAT TGA CC-3' 
and reverse, 5'-GAC AAG CTT CCC GTT CTC AG-3'.

Cell viability. Cell viability was assessed by performed 
a cell counting kit‑8 assay (CCK‑8; Dojindo Molecular 
Technologies, Inc.) according to the manufacturer's protocol. 
Cells (~5x103/well) were seeded into 96‑well plates. Following 
treatment with ascending concentrations of Gemcitabine 
(0.25, 0.5, 1, 2 and 4 nM) for 24 h at 37˚C and co‑transfection 
with miR‑187‑3p or miR‑NC mimic and pcDNA3.1‑FGF9 or 
pcDNA3.1 plasmid for 48 h, 10 µl CCK‑8 solution was added 
into each well and incubated at 37˚C for 2 h. Absorbance at 
450 nm was subsequently measured in each well using a spec-
trophometer to determine cell viability.

Apoptosis assay. An Annexin-V/Dead Cell Apoptosis kit 
(Invitrogen; Thermo Fisher Scientific, Inc.) was used to 
perform cell apoptosis assay according to manufacturer's 
protocol. Cells were harvested and washed in cold PBS, 
after which they were then diluted to ~1x106 cells/ml using 
1X Annexin‑binding buffer in 100 µl per assay. Cells were 
subsequently treated with 5 µl Alexa Fluor® 488 annexin V 
and 1 µl 100 µg/ml PI per assay suspension. A total of 400 µl 
annexin-binding buffer was added and samples were incubated 
at room temperature for 15 min. Stained cells were analyzed 
using BD FACSCaliburTM flow cytometer (BD Biosciences) 
coupled with FlowJo software (version 10.2; FlowJo LLC).

Western blot analysis. Antibodies against FGF9 (cat. 
no. PA5‑23719; 1:1,000) and β‑catenin (cat. no. 71‑2700; 1:1,000) 
were obtained from Thermo Fisher Scientific, Inc. Anti‑c‑Myc 
(cat. no. 5605; 1:1,000) and Cyclin D1 (cat. no. 2978; 1:1,000) 
antibodies were purchased from Cell Signaling Technology, 
Inc. GAPDH mouse monoclonal antibodies (cat. no. ab8245; 
1:10,000) was obtained from Abcam. Anti‑mouse (cat. 
no. CW0221S; 1:10,000) and anti‑rabbit (cat. no. CW0234S; 
1:10,000) secondary antibodies were purchased from Beijing 
ComWin Biotech Co., Ltd.

Following collection, cells were washed twice with cold 
PBS and lysed in cold RIPA buffer (Beyotime Institute of 
Biotechnology) supplemented with protease inhibitor cocktail 
(Sigma‑Aldrich, Merck KGaA). Samples were then incubated 
on ice for 30 mins. Lysates were subsequently centrifuged at 
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12,000 x g at 4˚C for 15 min and protein concentration was 
measured using Bicinchoninic Acid Protein Assay kit (Thermo 
Fisher Scientific, Inc.). Equal quantities (20 µg/well) of protein 
were separated by 8% SDS-PAGE, transferred to polyvi-
nylidene fluoride membranes (EMD millipore) and incubated 
with the respective aforementioned antibodies. Membranes 
were developed using SuperSignal™ West Femto Maximum 
Sensitivity Substrate (Thermo Fisher Scientific, Inc.) and 
image analysis was performed using the ImageQuant™ LAS 
4000 software (GE Healthcare Life Sciences).

Dual‑luciferase reporter gene assay. The TargetScan miRNA 
target database (http://www.targetscan.org/) predicted that a 
putative miR-187-3p binding site was present on the 3'-UTR 
of FGF9. Therefore, the FGF9 3'‑UTR region was amplified 
from cDNA isolated from MDA-MB-231 cells and inserted 
into the XbaI restriction site of pGL3 Luciferase Reporter 
vector (Promega Corporation) with the primer pairs as listed: 
WT FGF9, forward, 5'‑GCT CTA GAC AAA GAC AGT TTC 
TTC AC-3', reverse, 5'-GCT CTA GAT TTT CAA AAC TCT 
GTA AT-3'. In addition, two site mutations were introduced 
into the wild‑type (WT) pGL3‑FGF9 3'UTR WT to construct 
the mutant (Mut) FGF9 3'UTR plasmid using the Quicksite 
mutation kit (Agilent Technologies, Inc.) with the listed 
primer pairs: MT FGF9, forward, 5'‑CGG AAA AAG ACG 
GGC CAC GAC AGG-3', reverse, 5'-CCT GTC GTG GCC CGT 
CTT TTT CCG-3'. MDA-MB-231 cells were co-transfected 
with 100 nM FGF9 3'UTR‑WT or FGF9 3'UTR‑Mut plasmids 
and 100 nM miR-187-3p mimic or negative mimic control 
using Lipofectamine® 2000 transfection reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to manufacturer's 
protocol for 48 h. Luciferase activity was evaluated using the 
Dual-Glo® Luciferase assay system according to manufac-
turer's protocol (Promega Corporation). The luciferase activity 
was normalized to Renilla luciferase activity.

Statistical analysis. All experiments in the present study were 
performed three times independently. GraphPad Prism 5.0 
software (GraphPad Software, Inc.) was used for statistical 
analysis and all data were presented as mean ± standard 
deviation. Student's t-test was used for all comparisons 
between two groups whereas one-way ANOVA followed 
by Student‑Newman‑Keuls test was used for comparison 
of differences between ≥3 groups. Pearson's correlation 
analysis was performed to analyze the correlation between 
FGF mRNA and miR‑187‑3p expression in the 30 pairs of 
breast cancer tumor and corresponding matched adjacent 
non-tumor tissue samples collected from patients with breast 
cancer. P<0.05 was considered to indicate a statistically 
significant difference.

Results

miR‑187‑3p expression is lower in breast cancer tumor tissues. 
To investigate the potential role of miR-187-3p in breast cancer, 
miR-187-3p expression was measured in 30 pairs of breast 
cancer tumor and corresponding matched adjacent non-tumor 
tissue samples collected from patients with breast cancer. 
RT-qPCR analysis revealed that miR-187-3p expression was 
significantly reduced in breast cancer tumor tissues compared 

with non‑tumor tissues (Fig. 1), indicating that miR‑187‑3p 
may serve a role in the development of breast cancer.

Overexpression of miR‑187‑3p inhibits cell viability and 
promotes apoptosis in MDA‑MB‑231 cells. The physi-
ological function and underlying mechanism of miR-187-3p 
in breast cancer remain poorly understood. Therefore, 
MDA-MB-231 cells were successfully transfected with the 
miR-187-3p mimic to overexpress miR-187-3p compared with 
the miR‑NC mimic (Fig. 2A). Compared with the miR‑NC 
mimic, miR-187-3p overexpression was subsequently revealed 
to significantly inhibit MDA‑MB‑231 cell viability (Fig. 2B). 
Additionally, compared with the miR-NC mimic, overexpres-
sion of miR-187-3p significantly promoted MDA-MB-231 
cell apoptosis (Fig. 2C and D). The results indicated that 
miR-187-3p overexpression reduced MDA-MB-231 cell 
viability and promoted apoptosis.

Overexpression of miR‑187‑3p enhances gemcitabine sensi‑
tivity in MDA‑MB‑231 cells. Liang et al (23) discovered that 
miR‑187‑3p was one of the most significantly downregulated 
miRNAs in multidrug‑resistant MCF7 cells compared to 
parental MCF7 cells. Although gemcitabine is frequently 
applied as a therapeutic agent for advanced breast cancer, 
it remains associated with limited efficacy (7,24). In this 
present study, it was determined that, compared to the 
control, gemcitabine (2 nM) treatment did not significantly 
alter miR‑187‑3p expression in MDA‑MB‑231 cells (Fig. 3A). 
However, compared with the miR-NC mimic, overexpression 
of miR‑187‑3p significantly enhanced the gemcitabine‑medi-
ated (1, 2, 3 and 4 nM) reduction of cell viability in 
MDA‑MB‑231 cells (Fig. 3B) whilst significantly potentiating 
gemcitabine‑induced MDA‑MB‑231 cell apoptosis (Fig 3C 
and D). These results indicated that miR‑187‑3p overexpres-
sion removed gemcitabine resistance in breast cancer cells.

miR‑187‑3p regulates FGF9 expression by binding to its 
3'‑UTR. Following the indication that miR‑187‑3p enhanced 
the efficacy of gemcitabine, the underlying mechanism was 

Figure 1. miR‑187‑3p expression was reduced in breast cancer tumor 
tissues. Compared with matched non-tumor tissues, miR-187-3p expression 
was significantly reduced in breast cancer tumor tissues collected from 
30 patients with breast cancer. Data were presented as mean ± standard 
deviation. ***P<0.001 as indicated. miR, microRNA.
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elucidated. According to the TargetScan database, FGF9 was 
predicted to be a potential target gene of miR-187-3p, as a 
putative miR-187-3p binding site was observed on the 3'-UTR 
of FGF9 (Fig. 4A). WT FGF9 3'‑UTR and Mut FGF9 3'‑UTR 
luciferase reporter gene plasmids were constructed to verify 
this potential association. Dual-luciferase reporter gene assay 
data demonstrated that, compared with the miR-NC mimic, 
transfection with the miR‑187‑3p mimic significantly reduced 
relative luciferase activity in MDA-MB-231 cells co-trans-
fected with the WT FGF9 3'‑UTR plasmid (Fig. 4B).

miR‑187‑3p overexpression negatively regulates FGF9 
expression and the associated downstream Wnt pathway. 
To investigate the regulatory effects of miR-187-3p on 
FGF9, RT‑qPCR and western blot analysis were performed 
to measure FGF9 mRNA and protein expression in 
MDA-MB-231 cells following miR-187-3p overexpression. 
It was revealed that, compared with the miR-NC mimic, 
miR‑187‑3p overexpression significantly reduced FGF9 
mRNA and protein expression (Fig. 5A‑C). A previous 

study demonstrated that FGF9 can regulate Wnt/β-catenin 
signaling and that deficiencies in this pathway have resulted 
in reduced mesenchymal proliferation (25). In addition, 
FGF9 has been reported to be a target for the Wnt/β-catenin 
pathway in ovarian endometrioid adenocarcinomas (26). 
Following miR‑187‑3p overexpression, β-catenin, c-Myc and 
Cyclin D1 protein expression were revealed to be signifi-
cantly reduced compared with the miR‑NC mimic (Fig. 5D 
and E). In addition, compared with the control, gemcitabine 
treatment did not significantly alter FGF9 expression in 
MDA‑MB‑231 cells (Fig. 5F and G). The results indicated 
that miR-187-3p regulated breast cancer progression by nega-
tively regulating FGF9 expression, which in turn inactivated 
the Wnt signaling pathway.

Overexpression of FGF9 reverses gemcitabine‑ and 
miR‑187‑3p‑mediated cell viability inhibition and promotion 
of MDA‑MB‑231 cell apoptosis. To explore the functional 
association of miR‑187‑3p and FGF9 on gemcitabine sensi-
tivity in breast cancer cells, a pcDNA3.1‑FGF9 recombinant 

Figure 2. miR‑187‑3p overexpression reduced cell viability and increased cell apoptosis in MDA‑MB‑231 cells. (A) Transfection with miR‑187‑3p mimic signifi-
cantly increased miR-187-3p expression compared with those transfected with miR-NC mimic in MDA-MB-231 cells. ***P<0.001 as indicated. (B) Compared 
with miR‑NC mimic, transfection with miR‑187‑3p mimic significantly reduced MDA‑MB‑231 cell viability and (C) increased cell apoptosis in MDA‑MB‑231 
cells. **P<0.01 as indicated. (D) Quantified data from (C) demonstrating that transfection with miR‑187‑3p mimic significantly increased MDA‑MB‑231 cell 
apoptosis. Data are presented as the mean ± standard deviation. *P<0.05 as indicated. miR, microRNA; NC, negative control.
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plasmid was constructed, which was co-transfected with 
the miR-187-3p mimic into MDA-MB-231 cells. Compared 
with the pcDNA3.1, transfection with the pcDNA3.1‑FGF9 
plasmid increased FGF9 expression in MDA‑MB‑231 cells 
(Fig. 6A and B). Compared with the miR‑NC mimic and 
pcDNA3.1, overexpression of miR-187-3p significantly 
reduced the FGF9 protein expression, which was significantly 
reversed by co‑transfection with the FGF9 plasmid (Fig. 6C 
and D). Cell viability and apoptosis assays were performed to 

measure the effect of miR‑187‑3p and FGF9 overexpression 
on gemcitabine sensitivity in breast cancer cells. In the pres-
ence of gemcitabine, co‑transfection with the FGF9 plasmid 
significantly reversed miR‑187‑3p overexpression‑mediated 
reduction in cell viability (Fig. 6E) and promotion of apop-
tosis (Fig. 6F and G). Taken together, the results indicated 
that overexpression of miR-187-3p increased gemcitabine 
sensitivity in MDA‑MB‑231 cells by suppressing FGF9 
expression.

Figure 4. miR‑187‑3p regulated FGF9 expression by binding to its 3'‑UTR. (A) Bioinformatics database prediction of the putative binding site of miR‑187‑3p 
on the 3'‑UTR of FGF9. A mutant 3'UTR sequence was constructed by the introduction of two site mutations. (B) Luciferase activity was significantly 
decreased in MDA‑MB‑231 cells co‑transfected with miR‑187‑3p mimic and FGF9 3'UTR-WT reporter plasmid compared with those transfected with the 
miR‑NC mimic. However, luciferase activity was not altered following co‑transfection with miR‑187‑3p mimic and FGF9 3'UTR‑Mut reporter plasmid. Data 
are presented as the mean ± standard deviation. **P<0.01 as indicated. FGF9. Fibroblast growth factor 9; 3'UTR, 3' untranslated region; miR, microRNA; NC, 
negative control; WT, wild type, Mut, mutant.

Figure 3. miR‑187‑3p enhanced the gemcitabine‑mediated reduction in cell viability and induction of MDA‑MB‑231 cell apoptosis. (A) Gemcitabine treatment 
(2 nM) did not alter miR‑187‑3p expression in MDA‑MB‑231 cells. (B) Transfection with miR‑187‑3p mimic significantly enhanced gemcitabine‑mediated 
reduction in MDA-MB-231 cell viability compared with those transfected with miR-NC mimic. ***P<0.001 as indicated. (C) Treatment with 2 nM gemcitabine 
significantly increased MDA‑MB‑231 cell apoptosis compared with the control, which was in turn, significantly potentiated following transfection with the 
miR-187-3p mimic. **P<0.01 as indicated. (D) Representative flow cytometry dot plots complementing the quantified data from (C)  Data are presented as the 
mean ± standard deviation. miR, microRNA; NC, negative control.
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miR‑187‑3p expression negatively correlates with that of 
FGF9 mRNA in breast tumor tissues. Following observations 
that miR‑187‑3p negatively regulates FGF9 in breast cancer 
cells, the potential correlation between miR‑187‑3p and FGF9 

mRNA expression was determined in 30 breast cancer tumor 
and their matched adjacent non-tumor tissue samples. The 
results revealed that FGF9 mRNA expression was negatively 
correlated with miR‑187‑3p expression (Fig. 7), indicating that 

Figure 6. Overexpression of FGF9 reversed the inhibitory effects of gemcitabine and miR‑187‑3p on MDA‑MB‑231 cells. (A) Representative western blotting 
images revealed that compared with pcDNA3.1, transfection with pcDNA3.1‑FGF9 increased FGF9 expression in MDA‑MB‑231 cells. (B) Quantified data 
from (A)  demonstrating that compared with pcDNA3.1, pcDNA3.1‑FGF9 transfection significantly increased FGF9 protein expression. (C) Compared with 
cells co‑transfected with miR‑NC mimic and pcDNA3.1 plasmid, cells co‑transfected with miR‑187‑3p mimic and pcDNA3.1 plasmid exhibited reduced FGF9 
protein expression, which was reversed by co‑transfection with miR‑187‑3p mimic and pcDNA3.1‑FGF9 plasmid. (D) Quantified data from (C)  demonstrating 
that the differences observed in (C) were statistically significant. (E) Compared with the miR‑NC mimic and pcDNA3.1 group, co‑transfection with the 
miR‑187‑3p mimic and pcDNA3.1 plasmid significantly reduced MDA‑MB‑231 cell viability at each concentration of gemcitabine (0.25, 0.5, 1, 2 and 4 nM), 
which was reversed by co‑transfection with the recombinant FGF9 plasmid. (F) Compared with the control group, co‑transfection with the miR‑187‑3p mimic 
and pcDNA3.1 plasmid significantly enhanced gemcitabine (2 nM)‑induced MDA‑MB‑231 cell apoptosis, which was reversed by co‑transfection with the 
recombinant FGF9 plasmid. (G) Quantified data from (F)  demonstrating that the differences observed in (F) were statistically significant. Data are presented 
as the mean ± standard deviation. **P<0.01, ***P<0.001 as indicated. FGF9. Fibroblast growth factor 9; miR, microRNA; NC, negative control.

Figure 5. miR‑187‑3p negatively regulated FGF9 expression and the Wnt signaling pathway downstream. (A) Compared with those transfected with the 
miR‑NC mimic, miR‑187‑3p mimic transfection significantly reduced FGF9 mRNA expression in MDA‑MB‑231 cells. ***P<0.001 as indicated. (B) Compared 
with those transfected with the miR‑NC mimic, miR‑187‑3p mimic transfection reduced FGF9 protein expression in MDA‑MB‑231 cells. (C) Quantified data 
from (B) demonstrating that miR‑187‑3p mimic transfection significantly reduced FGF9 protein expression in MDA‑MB‑231 breast cancer cells. (D) β-catenin, 
c-Myc and Cyclin D1 protein expression were all lower in MDA-MB-231 cells transfected with miR-187-3p mimic compared with those transfected with the 
miR‑NC mimic. (E) Quantified data of (D)  demonstrating that miR‑187‑3p mimic transfection significantly reduced β-catenin, c-Myc and Cyclin D1 expres-
sion in MDA‑MB‑231 breast cancer cells. (F) Gemcitabine treatment did not alter FGF9 protein expression in MDA‑MB‑231 cells. (G) Quantitative analysis 
of FGF9 protein expression displayed in (F)  Data are presented as the mean ± standard deviation. *P<0.05, **P<0.01, ***P<0.001. FGF9. fibroblast growth factor 
9; miR, microRNA; NC, negative control.
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miR‑187‑3p may regulate FGF9 during breast cancer patho-
genesis.

Discussion

Breast cancer is the most commonly diagnosed type of cancer in 
women, with its incidence ranking the highest among all malig-
nancies (27). Accumulating evidence has demonstrated that 
targeted therapies offer superior therapeutic efficacy compared 
with conventional approaches (28). Recently, miRNAs have been 
widely demonstrated to be associated with a variety of diseases 
including breast cancer (29). Gasparini et al (30) reported that 
the downregulation of miR-27a and miR-30e in patients with 
breast cancer correlated with poor patient outcomes, whereas 
the overexpression of miR‑155 and miR‑493 correlated with 
good patient outcomes. In addition, Kumaraswamy et al (31) 
revealed that miR‑146a expression correlated positively with 
that of breast cancer gene 1, which in turn negatively regulated 
epidermal growth factor receptor expression in breast cancer. 
The miR-200 family has previously been demonstrated to serve 
important roles in the cell migration, metastasis, prolifera-
tion and invasion of breast cancer (32,33). miRNA expression 
profiles may influence responses to cancer chemotherapy (34). 
miRNAs regulate cancer drug resistance via a number of 
methods, including the expression of specific drug targets, 
survival and/or apoptosis signaling, cell proliferation and cell 
cycle progression (35). Furthermore, miR‑200c was revealed 
to be reduced in the doxorubicin‑resistant MCF7 breast cancer 
cell line (MCF7/ADR), where the overexpression of miR‑200c 
increased MCF7/ADR sensitivity to epirubicin (36). In addition, 
the expression of miR‑7, miR‑326 and miR‑345 were revealed 
to be markedly lower in the MCF7 the cisplatin‑resistant cell 
line in comparison with the MCF7 cell line (37). The function 
of miR-187-3p in cancer remains controversial, as it has been 
previously reported to be downregulated in many diseases, 
including prostate cancer (38), retinal ganglion (39), type 2 
diabetes (40), non‑small cell lung cancer (13) and breast 

cancer (14). miR‑187‑3p has been previously associated with 
a number of different malignancies (13,14). Using a miRNA 
microarray, Liang et al (23) determined that miR‑187‑3p was 
one of the most significantly downregulated miRNAs in the 
chemotherapy‑resistant MCF7 cells compared with parental 
MCF7 cells. However, the function of miR‑187‑3p on breast 
cancer drug resistance has yet to be clearly elucidated. In the 
present study, it was revealed that miR-187-3p expression was 
significantly lower in breast cancer tumor tissue compared 
with matched non-tumor tissues collected from patients with 
breast cancer. miR‑187‑3p overexpression significantly reduced 
cell viability and promoted cell apoptosis, indicating that 
miR-187-3p is a tumor suppressor in breast cancer. Although 
gemcitabine has been used for the treatment of metastatic 
breast cancer since 2004 (41), its therapeutic use in cancer 
chemotherapy has been impeded at least in part by drug resis-
tance (42). Chaudhari et al (43) performed miRNA microarray 
analysis, which determined that doxorubicin treatment increased 
miR-187-3p expression in human cardiomyocytes. In the present 
study, cell viability and cell apoptosis assays revealed the effect 
of miR-187-3p on breast cancer gemcitabine sensitivity. Data 
from these analyses, it was indicated that miR-187-3p overex-
pression increased gemcitabine sensitivity in breast cancer cells.

Although Fillmore et al (20) have previously explored the 
role of FGF9 signaling in breast cancer cells, the association 
between miRNA expression and FGF9 in breast cancer remain 
unclear. According to the TargetScan database, FGF9 was 
predicted to be a potential target gene of miR-187-3p, which 
was subsequently confirmed by luciferase assays and observa-
tions that miR‑187‑3p negatively regulated FGF9 expression.

Target genes of miR-187-3p were involved in the regula-
tion of signaling pathways, including phosphatidylinositol 
3‑kinase‑AKT and hypoxia‑inducible factor 1 signaling path-
ways in epileptic rats (44). Hendrix et al (45) revealed that FGF9 
was a downstream target of the Wnt signaling pathway, which 
may be an indirect transcription target of β-catenin in ovarian 
endometrioid adenocarcinomas. Abdel-Rahma et al (46) 
demonstrated that 80% FGF9 mutations were associated with 
membranous β-catenin expression in colorectal and endome-
trial carcinomas. In addition, FGF9 has been reported as a 
target for the Wnt/β-catenin pathway in ovarian endometrioid 
adenocarcinomas (26). Interestingly, FGF9 interacted with 
Wnt/β-catenin signaling in a feed-forward loop in lung develop-
ment, as determined by Yin et al (25). Wnt signaling is associated 
with drug resistance in cancer (47). In addition, Shi et al (48) 
elucidated that LGR5 suppressed docetaxel resistance in breast 
cancer through the inactivation of the Wnt/β-catenin signaling. 
However, information on the association between miR-187-3p 
and Wnt/β-catenin in breast cancer pathophysiology remains 
unclear. In the current study, overexpression of miR-187-3p 
in MDA-MB-231 cells significantly reduced the protein 
expression of β-catenin, c-Myc and Cyclin D1. In conclusion, 
miR‑187‑3p negatively regulated FGF9 expression, which inac-
tivated Wnt/β-catenin signaling and increased breast cancer 
sensitivity to gemcitabine-mediated toxicity.

Taken together, the results of the present study suggested 
that miR-187-3p increased gemcitabine sensitivity by targeting 
FGF9 expression in breast cancer cells, indicating that 
miR-187-3p may be a therapeutic target for patients with breast 
cancer.

Figure 7. miR‑187‑3p expression negatively correlated with FGF9 mRNA 
expression in breast cancer tissues. FGF9 expression was measured via 
reverse transcription-quantitative PCR. Pearson correlation analysis deter-
mined that FGF9 mRNA expression negatively correlated with miR‑187‑3p 
expression in tumor tissues obtained from 30 patients with breast cancer. 
r=‑0.444 and P=0.014. FGF9, fibroblast growth factor 9; miR, microRNA.
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