
EXPERIMENTAL AND THERAPEUTIC MEDICINE  18:  1005-1012,  2019

Abstract. Recently, microRNA (miR)‑628 was identified as 
a potential biomarker for several types of cancer, including 
prostate cancer (PCa). The aim of the present study was to 
investigate miR‑628 expression and its underlying mechanism 
in PCa cell proliferation and invasion and the fibroblast 
growth factor receptor 2 (FGFR2) signaling pathway. The 
serum expression levels of miR‑628, prostate‑specific 
antigen, fibroblast growth factor  1, and FGFR2 were 
examined in patients with PCa. The relative expression 
levels of miR‑628 and FGFR2 were determined by reverse 
transcription‑quantitative polymerase chain reaction in 
PCa cells following transfection with miR‑628‑5p mimic or 
inhibitor. In addition, the protein expression level of FGFR2 
was examined by western blot analysis following transfection 
with miR‑628‑5p mimic or inhibitor. Following bioinformatics 
analysis, dual‑luciferase reporter assay was used to confirm 
the direct interaction between miR‑628 and FGFR2. The 
current study demonstrated that the protein expression level 
of FGFR2 decreased following transfection with miR‑628‑5p 
mimic and increased following transfection with miR‑628‑5p 
inhibitor. Similarly, the proliferation and invasion of PCa 
cells were significantly enhanced following transfection 
with miR‑628‑5p inhibitor. By contrast, the proliferation and 
invasion of PCa cells were significantly inhibited following 
transfection with miR‑628 mimic. Therefore, downregulating 
the expression level of miR‑628 may increase the expression 
level of FGF in PCa, thereby promoting tumor proliferation 
and invasion. In conclusion, the FGF signaling pathway may 
be involved in promoting PCa cell proliferation and invasion. 
miR‑628 may be a potential therapeutic target for patients with 
PCa.

Introduction

Prostate cancer (PCa) is the most common malignancy and 
the leading cause of cancer mortality among men in the USA 
and Europe (1,2). The male population with a median age 
>60 years is more susceptible to PCa (3,4). In total, there are 
>1 million newly diagnosed cases of PCa identified each year 
and ~300,000 cases succumb to the disease (5). The incidence 
and mortality rates of PCa vary due to genetic variation and 
environmental changes between different age and ethnic 
groups (3,5‑7). Exercise, obesity, smoking, vitamins, micro-
nutrients, metformin, statins and other medications are all 
considered to be critical factors, which can affect the incidence 
and mortality rates of PCa (5,6). In addition, the incidence rate 
increases significantly in urban areas of China, South Korea 
and other countries (1,3,6).

Testosterone serves a key role in the development, growth 
and maintenance of the prostate (8,9) and abnormal prostate 
cell proliferation and differentiation caused by hormonal 
regulation may be involved in the initiation of hypertrophy, 
hyperplasia and malignancy  (8,9). Many growth factors, 
including epidermal growth factor, fibroblast growth factor 
(FGF), insulin‑like growth factor, transforming growth factor 
β1 and keratinocyte growth factor are also involved (8,10). 
FGFs can activate FGF receptors (FGFRs), which can lead 
to wound repair and neovascularization, as well as tumor 
growth and differentiation, thereby making FGF a potential 
therapeutic target in the development of novel anti‑cancer 
treatments (11,12).

Early diagnosis of PCa is key to reducing morbidity and 
mortality  (8). The main treatment options for early‑stage 
PCa involve monitoring the prostate, whereas late‑stage PCa 
requires radiation, surgery and other treatments, such as 
systemic chemotherapies or targeted therapies (8). Radical 
prostatectomy followed by radiotherapy in combination with 
hormonal treatment is widely used to treat patients with 
recurrent PCa (8,13). Furthermore, treatment outcome varies 
dramatically as clinical heterogeneity is another feature asso-
ciated with PCa (8,13).

microRNAs (miRNAs or miRs) are single‑stranded small 
RNAs, 18‑23 nucleotides in length which can regulate gene 
expression through mRNA degradation or protein synthesis 
inhibition  (14,15). miRNAs can regulate several physi-
ological or pathological processes including cell proliferation, 
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differentiation, stress and death (14,15). miRNAs have been 
identified in several types of cancer and can function as positive 
or negative regulators, depending on their target gene (16,17). 
miR‑628, which is located at 15q21.3, was initially identified 
in acute myeloid leukemia and is regulated by interleukin‑3, 
granulocyte‑macrophage colony‑stimulating factor and 
granulocyte colony‑stimulating factor (15). A previous study 
demonstrated that miR‑628 is an endotoxin‑responsive gene 
induced by lipopolysaccharide as well as a nuclear factor 
κB‑dependent gene (18). miR‑628 can regulate inflammatory 
responses by targeting a key adapter molecule downstream of 
toll‑like receptors (TLRs) to suppress TLR signaling (18).

In addition, miR‑628 mediates burn‑induced skeletal 
muscle atrophy through regulation of the insulin receptor 
substrate 1/protein kinase B serine/threonine kinase 1/fork-
head box protein O 3a signaling pathway (19). miR‑628‑3p is 
upregulated in patients with bone fractures and miR‑628‑3p 
can exert an inhibitory effect on osteogenesis via the suppres-
sion of runt related transcription factor 2 leading to atrophic 
non‑union, a complication associated with bone fractures (20). 
Furthermore, miR‑628‑3p is involved in rifampin‑mediated 
cytochrome P450 family 3 subfamily A member 4 (CYP3A4) 
induction as it is thought to directly target CYP3A4  (21). 
miR‑628‑5p has previously been demonstrated to decrease the 
stem‑like cell percentage of epithelial ovarian cancer (EOC) 
cells by inducing their apoptosis as well as decreasing the 
tumorigenicity of EOC cells by targeting FGFR2 (11).

A previous study identified miR‑628 as a potential 
non‑invasive biomarker for PCa  (14), however whether 
miR‑628 serves a tumor suppressing role in PCa remains 
unknown. In addition, whether FGFR2 is a direct target of 
miR‑628 in PCa remains unknown. Therefore, the aim of the 
present study was to investigate miR‑628 expression and its 
underlying mechanism in PCa cell proliferation and invasion 
and the FGFR2 signaling pathway.

Materials and methods

PCa and healthy control patients. A total of 33 patients with 
PCa (males; age range, 55‑89 years; average age, 70 years) were 
recruited in Wuhan Fourth Hospital, Puai Hospital (Wuhan, 
China)�������������������������������������������������� �������������������������������������������������between January 2016 and December 2017 for inclu-
sion in the current study. Patients were diagnosed following 
prostate biopsy or postoperative pathological examination. 
Patients with PCa with a Gleason score range from 4‑10 were 
included in the study. In total, 12 patients had a Gleason score 
of 4‑6 (well differentiated), 9 patients had a Gleason score of 7 
(medium differentiated) and 12 patients had a Gleason score of 
8‑10 (low differentiated). A summary of the cancer staging and 
Gleason score for patients with PCa is presented in Table I. In 
addition, 26 healthy control patients (age range, 62‑82 years; 
average age, 79 years) were recruited following admittance 
to the hospital physical examination center of Wuhan Fourth 
Hospital, Puai Hospital (Wuhan, China) for a health check‑up 
between January 2016 and December 2017. Blood pressure, 
urine routine test, and liver and kidney function were all within 
the normal range. Patients with other diseases affecting heart, 
lungs or other vital organs, such as benign prostatic hyper-
plasia and other prostate‑associated diseases were excluded. 
The current study was approved by the Ethics Committee of 

Wuhan Fourth Hospital, Puai Hospital (Wuhan, China) and 
written informed consent was obtained from all participants.

Specimen collection. Venous blood samples (4  ml) were 
collected from all participants (PCa and control) in the 
fasting state prior to any treatment, which included medi-
cation, hormonal treatment, surgery, as well as rectal 
examination, prostate massage and puncture within 1 week 
before blood extraction. Blood was centrifuged at 1,200 x g 
at room temperature for 12  min to collect serum. Serum 
prostate‑specific antigen was measured immediately using 
an ADVID Centaur CP analyzer (Siemens Healthineers, 
Erlangen, Germany). The remaining serum was stored at ‑20˚C 
and used to determine serum expression levels of miR‑628, 
FGF‑1 and FGFR2 using an IMMULITE®1000 immunoassay 
system (Siemens Healthineers).

Cell culture. Human prostatic adenocarcinoma cell line 
LNCaP (ATCC® CRL‑1740™) was purchased from the 
American Type Culture Collection (Manassas, VA, USA). 
Cells were cultured in RPMI‑1640 medium (ATCC) supple-
mented with 10% fetal bovine serum (FBS; Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA), 100 U/ml peni-
cillin and 100 mg/ml streptomycin, and maintained at 37˚C in 
an atmosphere containing 5% CO2.

Cell transfection. MiR‑628‑5p mimic (5'‑AUG​CUG​ACA​
UAU​UUA​CUA​GAGG‑3'; cat. no. MCH03275) and negative 
control miRNA (cat. no. MCH00000), as well as miR‑628‑5p 
inhibitor (cat. no. MIH03275) or negative control inhibitor 
(cat. no. MIH00000) was purchased from Applied Biological 
Materials Inc., (Richmond, BC, Canada). Lipofectamine 2000 
(Thermo Fisher Scientific, Inc.) was used to transfect 35 nM 
miR‑628‑5p mimic and negative control miRNA (negative 
control), as well as 35 nM miR‑628‑5p inhibitor or negative 
control inhibitor (negative control) into 105 cells. Untransfected 
cells were considered control cells. Subsequent experiments 
were performed at 24 h post‑transfection.

MTT cytotoxicity assays. LNCaP cells were seeded into 
96‑well plates (3x104 cells in 0.1 ml culture medium per well) 
and transfected with miR‑628‑5p mimic (cat. no. MCH03275), 
miR‑628‑5p inhibitor (cat. no.  MIH03275; both Applied 
Biological Materials Inc., Richmond, BC, Canada) or control. 
Following 12‑h incubation, 10 µl MTT solution (5 mg/ml) 
was added and cells were incubated for a further 2 h at 37˚C. 
Following incubation, cell culture medium was removed and 
dimethyl sulfoxide (Sigma‑Aldrich; Merck KGaA, Darmstadt, 
Germany) was added to dissolve the purple formazan crystals. 
Optical density was measured at 570 nm using a luminometer 
microplate reader (Berthold Technologies GmbH, Bad 
Wildbad, Germany).

Cell invasion assay. Transwell inserts (8  µm) were used. 
Upper chambers were pre‑coated with 40 ml Matrigel® (BD 
Biosciences, Franklin Lakes, NJ, CA, USA) dissolved in 20% 
culture medium and incubated overnight at 37˚C. In total, 
5x104 cells collected at 24 h after transfection were suspended 
in 200 ml serum‑free RPMI‑1640 medium and were plated in 
the upper chamber. RPMI‑1640 medium supplemented with 
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20% FBS (Gibco; Thermo Fisher Scientific, Inc.) was plated 
in the lower chamber. Following incubation for 36 h at 37˚C, 
cells were stained with 0.1% crystal violet at room temperature 
for 20 min. Stained cells were observed under an optical 
microscope (magnification, x40).

ELISA. Prostate‑specific antigen (PSA), fibroblast growth 
factor (FGF)1 and FGFR2 in plasma were detected by 
performing ELISA using human Prostate Specific Antigen 
ELISA Kit (cat. no. ab188388; Abcam), Human FGF1 ELISA 
Kit (cat. no. ab219636; Abcam) and FGFR2 ELISA kit (cat. no. 
MBS921985; MyBioSource; Thermo Fisher Scientific, Inc.) 
respectively.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from LNCaP cells using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.). 
Total RNA (≤500 ng) was reverse transcribed into cDNA using 
the High Capacity RNA‑to‑cDNA kit (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). To examine the mRNA expres-
sion level of FGFR2, qPCR was performed using the SYBR™ 
Green Master Mix (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). To examine the expression level of miR‑628 
expression, qPCR was performed using the TaqMan probe 
kit (Roche Applied Science, Penzberg, Germany). qPCR was 
performed using an ABI 7900 Real‑Time PCR system (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). The following 
primer pairs were used for qPCR: FGFR2 forward, 5'‑CGC​
TGG​TGA​GGA​TAA​CAA​CACG‑3' and reverse, 5'‑TGG​AAG​
TTC​ATA​CTC​GGA​GAC​CC‑3'. GAPDH forward, 5'‑GTC​TCC​
TCT​GAC​TTC​AA‑3' and reverse, 5'‑ACC​ACC​CTG​TTG​CTG​
TA‑3'. miR‑628 forward primer: 5'‑GTC​GTA​TCC​AGT​GCA​
GTT​ATA​TCC‑3'. miR‑628 reverse primer and U6 primers 
were included in the kit. The thermocycling conditions for 
qPCR were: Initial denaturation at 95˚C for 10 sec; 40 cycles 
of 95˚C for 10 sec and 60˚C for 60 sec. FGFR2 and miR‑628 
expression was quantified using the 2‑ΔΔCq method (15) and 
normalized to the internal reference gene GAPDH or U6 small 
non‑coding RNA, respectively.

Western blot analysis. Total protein was extracted from 
LNCaP cells using the M‑PERTM Mammalian Protein 
Extraction reagent (Pierce; Thermo Fisher Scientific, Inc.). 
Protein concentration was determined by BCA assay. An equal 
volume of protein was mixed with an equal volume of 2X SDS 
loading buffer and boiled for 5 min. Proteins (30 µg per lane) 
were separated via SDS‑PAGE on a 10% gel and transferred 
onto polyvinylidene difluoride membranes (Zhongshan Jinqiao 
Biology & Technology Co., Ltd., Beijing, China). Membranes 
were blocked with 5% skimmed milk at room temperature for 
2 h. The membranes were incubated with primary antibodies 
against FGFR2 (1:800; cat. no. ab58201; Abcam, Cambridge, 
MA, USA) and GAPDH (1:800; cat. no. sc‑47724; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA) overnight at 2‑8˚C. 
Following primary incubation, membranes were incubated 
with horseradish peroxidase‑labeled goat anti‑mouse immu-
noglobulin G secondary antibody (1:1,200; cat. no. ZB2305; 
Zhongshan Jinqiao Biology & Technology Co., Ltd.) at room 
temperature for 3 h. Protein bands were visualized using a 
Amersham ECL Prime Western Blotting Detection Reagent 
(GE Healthcare Life Sciences, Shanghai, China).

Dual‑luciferase reporter assay. TargetScan (http://www.
targetscan.org/vert_72/) and miRDB (http://mirdb.org/) 
bioinformatics software was used to identify the 3' untrans-
lated region (UTR) of FGFR2 as a putative target of miR‑628. 
The wild‑type (wt) and mutant (mut) 3'UTR of FGFR2, which 
contains a sequence targeting miR‑628, were cloned into the 
psi‑CHECK vector (Promega Corporation, Madison, WI, 
USA). Cells were co‑transfected with either miR‑628‑5p 
mimic (or miR‑628‑5p inhibitor) and psiFGFR2‑wt (or 
psiFGFR2‑mut) using Lipofectamine® 2000 (Thermo Fisher 
Scientific, Inc.). Control miRNA or control inhibitor were 
used as controls. Following 48‑h transfection, cells were 
harvested and luciferase activities were measured using 
the Dual‑Luciferase Reporter Assay System (Promega 
Corporation) using a luminometer (Berthold Technologies 
GmbH). Firefly luciferase activity was normalized to Renilla 
luciferase activity.

Table I. Serum levels of PSA, FGF1 and FGFR2 in patients with PCa.

Group	 n	 PSA (ng/l)	 FGF1 (pg/ml)	 FGFR2 (pg/ml)

Control	 26	 1.03±0.62	 203.72±25.27	 64.14±11.11
PCa	 33	 21.65±12.18	 304.02±45.79	 88.26±10.09
Gleason score
  4‑6	 12	 13.42±5.69	 304.93±57.13	 88.60±12.92
  7	   9	 20.87±12.86	 318.36±29.26	 88.40±8.19
  8‑10	 12	 30.46±10.97	 292.36±43.54	 87.03±9.24
Clinical stage
  T1	   4	 8.09±1.94	 314.42±60.76	 89.125±12.17
  T2	   6	 15.15±5.51	 304.03±54.08	 88.65±14.13
  T3	 15	 20.34±10.35	 308.78±43.85	 88.19±8.56
  T4	   8	 35.76±8.27	 289.89±41.58	 86.49±10.86

PSA, prostate‑specific antigen; FGF1, fibroblast growth factor 1; FGFR2, fibroblast growth factor receptor 2; PCa, prostate cancer.
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Statistical analysis. Data were expressed as mean ± standard 
deviation. All statistical analyses were performed using 
Sigmaplot v.11 (Systat Software Inc., Chicago, IL, USA) and 
SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA). Welch's 
t‑test was used to analyze differences between two groups, 
while one‑way analysis of variance and Tukey's post hoc test 
were used to analyze comparisons among multiple groups. 
Correlation analysis between the serum expression level of 
miR‑628 and FGF‑1 or FGFR2 was analyzed by Pearson's 
correlation analysis. P<0.05 was considered to indicate a 
statistically significant difference.

Results

miR‑628 expression is decreased in the serum of patients 
with PCa. Serum samples from patients with PCa and healthy 
controls were collected and used for gene expression analyses. 
The serum expression level of miR‑628 was significantly 
decreased in patients with PCa compared with healthy controls 
(Fig. 1). In addition, the serum expression levels of FGF1 and 
its receptor FGFR2 were significantly increased in patients 
with PCa compared with healthy controls (Fig. 2).

miR‑628 expression negatively correlates with FGFR2. Serum 
levels of PSA were increased in patients with PCa compared 
with healthy controls (Table I). Pearson correlation coefficient 
analysis was performed to determine the association between 
the serum expression level of miR‑628 and FGF1 or FGFR2. 
The results of the current study demonstrated that there was 
a significant negative correlation between the serum level of 
miR‑628 and both FGF1 and FGFR2 in patients with PCa 
(Fig. 3).

miR‑628 regulates FGFR2 signaling. To determine the 
effect of miR‑628 on the expression level of FGFR2, LNCaP 
cells were transfected with miR‑628‑5p mimic, inhibitor 
or negative controls, and miR‑628 and FGFR2 expression 
levels were examined. The current study demonstrated that 
the miR‑628‑5p mimic significantly increased miR‑628 
expression (Fig. 4A), whereas the miR‑628‑5p mimic had no 
significant effect on the mRNA expression level of FGFR2 in 
LNCaP cells (Fig. 4B). In addition, the miR‑628‑5p inhibitor 
significantly decreased miR‑628 expression (Fig. 4C), while 
the miR‑628‑5p inhibitor had no significant effect on the 
mRNA expression level of FGFR2 in LNCaP cells (Fig. 4D). 
Although there was no effect on the FGFR2 mRNA expres-
sion level, the FGFR2 protein expression level was revealed to 
be potentially regulated by miR‑628. The protein expression 
level of FGFR2 decreased markedly following transfection 
with miR‑628‑5p mimic (Fig. 4E), while the protein expres-
sion level of FGFR2 increased following transfection with 
miR‑628‑5p inhibitor (Fig. 4F). Taken together, these results 
suggest that miR‑628 can inhibit FGFR2 protein expression 
in PCa cell lines without affecting transcriptional levels and 
therefore miR‑628 may regulate FGFR2 expression.

miR‑628 directly targets FGFR2. TargetScan and miRDB 
bioinformatics software was used to identify the 3'UTR 
of FGFR2 as a putative target of miR‑628 (Fig.  5A) and 
dual‑luciferase reporter assays were performed to validate the 

direct interaction between miR‑628 and FGFR2. Luciferase 
activity was significantly decreased following co‑transfection 
with miR‑628‑5p mimic and psiFGFR2‑wt compared with 
psiFGFR2‑mut, which had no significant effect on luciferase 
activity (Fig. 5B). In addition, luciferase activity was signifi-
cantly increased following co‑transfection with miR‑628‑5p 
inhibitor and psiFGFR2‑wt compared with psiFGFR2‑mut, 
which had no effect on luciferase activity (Fig. 5C). Taken 
together, these results suggest that miR‑628 directly interacts 
with FGFR2.

miR‑628 regulates tumorigenesis via FGFR2 signaling 
pathway. The effect of miR‑628 on PCa cell proliferation and 
invasion was examined in LNCaP cells following transfec-
tion with miR‑628‑5p mimic, inhibitor or negative controls. 
Cell proliferation and invasion was significantly increased in 
LNCaP cells following transfection with miR‑628‑5p inhibitor 
compared with the control group (Fig. 6A and B). By contrast, 
cell proliferation and invasion was significantly decreased in 
LNCaP cells following transfection with miR‑628‑5p mimic 
compared with the control group (Fig. 6C and D). FGF is 
known to promote the proliferation of tumor cells and the 
formation of tumor blood vessels (11) ��������������������and therefore, down-
regulating miR‑628 expression may increase the expression 
level of FGF in PCa and thereby promote tumor initiation, 
expansion and metastasis.

Discussion

Several miRNAs, which include miR‑21, miR‑221 and miR‑141, 
have been associated with PCa (20). Most of these miRNAs 
are involved in cell cycle, migration, metastasis, apoptosis, 
proliferation, angiogenesis and epithelial‑to‑mesenchymal 
transition (22). A previous study demonstrated that the serum 
expression level of miR‑628 was significantly downregulated 
in African American and Caucasian American patients with 
PCa (14). Similarly, the current study confirmed that the serum 
expression level of miR‑628 was significantly downregulated 
in Chinese patients with PCa. The FGFR2 signaling pathway 
is known to be involved in several types of cancer. A recent 
study demonstrated that miR‑628 targeted and downregulated 
the expression of FGFR2 in ovarian cancer (11). In the current 
study, serum expression levels of FGF1, FGFR2 and PSA were 
examined in patients with PCa and controls. Serum FGF1 and 

Figure 1. miR‑628 expression in patients with PCa. Serum expression levels 
of miR‑628 in patients with PCa and healthy controls were determined using 
an immunoassay system. **P<0.01 vs. control. miR, microRNA; PCa, pros-
tate cancer.
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Figure 2. Expression levels of FGF1 and FGFR2 in patients with PCa. Serum expression levels of (A) FGF1 and (B) FGFR2 in patients with PCa and healthy 
controls. **P<0.01 vs. control. FGF1, fibroblast growth factor 1; FGFR2, fibroblast growth factor receptor 2; PCa, prostate cancer.

Figure 3. Correlation analysis between the serum expression levels of miR‑628 and FGF‑1 or FGFR2 in patients with PCa. Pearson correlation coefficient 
analyses were performed to determine the association between the serum expression level of miR‑628 and (A) FGF1 or (B) FGFR2. miR, microRNA; FGF1, 
fibroblast growth factor 1; FGFR2, fibroblast growth factor receptor 2; PCa, prostate cancer.

Figure 4. Effect of miR‑628 on the expression level of FGFR2 in PCa cells. The relative expression level of (A) miR‑628 and (B) FGFR2 was determined 
in the LNCaP cell line following transfection with miR‑628‑5p mimic. The relative expression level of (C) miR‑628 and (D) FGFR2 was determined in the 
LNCaP cell line following transfection with miR‑628‑5p inhibitor. The protein expression level of FGFR2 was determined by western blot analysis in LNCaP 
cells following transfection with (E) miR‑628‑5p mimic or (F) miR‑628‑5p inhibitor. **P<0.01 vs. control. miR, microRNA; FGFR2, fibroblast growth factor 
receptor 2; PCa, prostate cancer; LNCaP, human prostatic adenocarcinoma cell line.
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FGFR2 were negatively correlated with the serum expres-
sion level of miR‑628. In addition, dual‑luciferase reporter 
assays revealed that FGFR2 is a direct target of miR‑628. 
Furthermore, the current study demonstrated that miR‑628 
inhibited PCa cell proliferation and invasion via the FGFR2 
signaling pathway.

The FGFR2 gene at human chromosome 10q26 encodes 
two isoforms, FGFR2b and FGFR2c, which function as FGFRs 
and are involved in tumorigenesis (23‑25)����������������. Missense muta-
tions, copy number variation, splicing and single nucleotide 
polymorphisms within intron 2 of the FGFR2 gene are associ-
ated with breast, bladder and gastric cancer whereby aberrant 
FGFR2 signaling activation induces proliferation and survival 
of tumor cells  (23‑25). FGFR2 alternative splicing serves 
a role in the progression of PCa from an androgen‑sensitive 
to androgen‑insensitive tumor  (26‑28). Although FGFR2 

inhibitors are approved and used for cancer treatment (11), 
the current study identified miR‑628, which may be used as a 
potential molecular target for the development of novel thera-
peutic treatment strategies for patients with PCa. In addition, 
targeting miR‑628 may also be used to treat ovarian cancer as 
well as inflammation regulation (15,19).

Several technologies including human antibody, peptide 
mimetic, RNA aptamer, small interfering RNA and synthetic 
miRNA are emerging technologies, which can be applied 
and used as potential therapeutic treatment strategies in 
FGFR2‑mediated cancer (24). In particular, these technologies 
may be used for the treatment of patients with PCa with low 
expression of miR‑628 and upregulated FGFR2 signaling. 
Curcumin, for example, has a variety of pharmacological effects 
including anti‑cancer effects and curcumin exerts its therapeutic 
effects through regulation of miRNA expression (17). miRNAs 

Figure 5. FGFR2 is a direct target of miR‑628. (A) TargetScan and miRDB bioinformatics software was used to predict the potential binding site for miR‑628‑5p 
binding site in the wild‑type and mutant 3'UTR of FGFR2. Luciferase activity of the wt or mut 3'UTR of FGFR2 following transfection with (B) miR‑628 
mimic or (C) miR‑628 inhibitor. **P<0.01 vs. control. miR, microRNA; FGF1, fibroblast growth factor 1; FGFR2, fibroblast growth factor receptor 2; UTR, 
untranslated region; wt, wild‑type; mut, mutant.

Figure 6. miR‑628 knockdown promotes the LNCaP cell proliferation and migration. (A) MTT assay was used to examine the cell proliferation of LNCaP 
cells following transfection with miR‑628‑5p inhibitor. (B) Cell invasion assay was analyzed via Transwell assay in LNCaP cells following transfection with 
miR‑628‑5p inhibitor. (C) MTT assay was used to examine cell proliferation of LNCaP cells following transfection with miR‑628‑5p mimic. (D) Cell invasion 
assay was analyzed via Transwell assay in LNCaP cells following transfection with miR‑628‑5p mimic. **P<0.01 vs. control. miR, microRNA; LNCaP, human 
prostatic adenocarcinoma cell line; PCa, prostate cancer.
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are thought to be potential targets for cancer therapy and as 
such there have been a number of studies regarding miRNA 
regulation via miRNA activators and inhibitors  (16,29‑32). 
However, developing novel delivery systems for miRNA treat-
ment is key to its success as a potential therapy (31).

Further experiments are required to validate the find-
ings of the current study using in vivo mouse models, such 
as examining tumorigenesis in a xenograft mouse model. 
In vivo mouse models for PCa could be used to study miR‑628 
expression and regulation of the FGFR2 signaling pathway, as 
well as testing newly designed miR‑628 activators. However, 
a critical step will be to develop a delivery system for the effi-
cient delivery of miRNAs into in vivo mouse models for PCa. 
The current study identified the FGFR2 signaling pathway as 
a potential therapeutic target, however, patients may become 
resistant to FGFR2‑mediated therapy and alternative treat-
ment may be required. Sequencing technology may be used to 
develop treatments combining FGFR2 inhibition and miR‑628 
upregulation, which may be a potentially effective approach 
for the treatment of patients with PCa.

In conclusion, the present study demonstrated that miR‑628 
directly targets FGFR2 and miR‑628 can regulate tumorigen-
esis via the FGFR2 signaling pathway in PCa cells. Therefore, 
FGFR2 and miR‑628 may be potential molecular targets for 
the development of novel and effective therapeutic treatment 
strategies for patients with PCa.
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