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MicroRNA-137 regulates hypoxia-mediated migration and
epithelial-mesenchymal transition in prostate cancer by
targeting LGR4 via the EGFR/ERK signaling pathway
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Abstract. MicroRNAs (miRs) serve an integral role in pros-
tate cancer. The present study aimed to investigate the effects
and mechanisms of miR-137 in hypoxia-mediated migration
and epithelial-mesenchymal transition (EMT). PC3 and
DU145 prostate cancer cells were exposed to hypoxia for 24 h,
after which the expression of miR-137 was determined by
reverse transcription-quantitative PCR (RT-qPCR). The cells
were transfected with a miR-137 mimic or inhibitor, followed
by hypoxia exposure. The results demonstrated that hypoxia
reduced miR-137 expression. Further results from the Cell
Counting Kit-8, Cell Death Detection ELISA plus kit, Transwell
assay, RT-qPCR and western blotting assays revealed that the
miR-137 mimic prevented cell proliferation, facilitated apop-
tosis and repressed cell migration, invasiveness, and expression
of N-cadherin, vimentin and matrix metalloproteinase 2;
the miR-137 inhibitor exerted the opposite effects. A dual-
luciferase reporter assay determined that miR-137 directly
targeted leucine-rich repeat-containing G protein-coupled
receptor 4 (LGR4). Additionally, miR-137 negatively regulated
the epidermal growth factor receptor/extracellular signal-
regulated kinase (EGFR/ERK) signaling pathway by targeting
LGR4. LGR4 silencing or EGFR/ERK inhibition abolished
the effects of miR-137 inhibitor on cell migration and EMT. In
conclusion, by targeting LGR4 via the EGFR/ERK signaling
pathway, miR-137 inhibited prostate cancer cell migration
and EMT.
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Introduction

Prostate cancer is the most common malignant tumor among
men in developed countries (1). In recent years, prostate cancer
has contributed to a high morbidity and mortality in most
native Asian populations, with >297,000 new prostate cancer
cases diagnosed in Asia, accounting for 23.3% of the global
incidence and ~33% of deaths occurring in Asia in 2018 (2,3).
Currently, prostate gland removal and androgen blockade
is an effective treatment option for the majority of patients
with prostate cancer; however, a number of patients experi-
ence hormone resistance, and prostatectomy is dangerous
for older patients with cardiovascular disease (4). Hypoxia
is a common biological feature of solid tumors, usually
associated with cancer progression, treatment resistance, and
poor prognosis (5). Hypoxia reportedly triggers expression
of adherens junction molecules to promote the invasion and
epithelial-mesenchymal transition (EMT) of prostate cancer
cells (6,7). Therefore, it is necessary to elucidate the molecular
mechanisms of prostate cancer progression and explore novel
targets for regulating its progression under hypoxic conditions.

MicroRNAs (miRs) serve complicated roles in patho-
physiological tumor processes; for example, miR-150
regulates TRPM4-mediated 3-catenin pathway to impede
the progression of prostate cancer (8-10). Additionally, miRs
serve as prognostic markers of tumors or potential therapeutic
targets (11,12). miR-383-5p has been demonstrated to be down-
regulated in lung adenocarcinoma tissues and to be associated
with tumor size and differentiation; in addition, miR-383-5p
exerts an antiproliferative function, suggesting that it may
serve as a potential novel potential prognostic biomarker and
therapeutic target for lung adenocarcinoma (13). Aberrant
expression of miR is associated with dysregulation of cancer
cell proliferation, apoptosis, and migration. For example,
miR-181a and miR-483-5p are overexpressed in prostate
cancer, leading to prostate cancer growth (14,15). However,
miR-129 is down-regulated in prostate cancer tissues and cell
lines, and restoring miR-129 expression reduces the viability,
proliferation, and migration of PC3 cells (16). A recent study
has demonstrated that miR-150 inhibits EMT in prostate
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cancer cells (10). Patients with prostate cancer recurrence
following radical prostatectomy present with reduced miR-137
in prostatectomy specimens (17). Li e al (18) have reported
that miR-137 expression is decreased in the mouse brain under
hypoxic conditions. However, the potential roles of miR-137 in
hypoxia-mediated migration and EMT of prostate cancer cells
remain unclear.

The aim of the present study was to clarify the function
of miR-137 in prostate cancer cell migration, invasion and
EMT, as well as to elucidate the underlying mechanism under
hypoxic conditions in prostate cancer cells. This may help
determine whether miR-137 may serve as a potential thera-
peutic target for the treatment of prostate cancer and provide
a new mechanism of hypoxia-induced migration, invasion and
EMT.

Materials and methods

Cell culture. PC3 and DU145 cells were obtained from the
American Type Culture Collection (ATCC, Rockville, MD,
USA). The cells were cultured in Dulbecco's Modified Eagle's
medium (DMEM; Gibco; Thermo Fisher Scientific, Inc.)
supplemented with 10% fetal bovine serum (HyClone; Cytiva)
in an incubator containing 95% air and 5% CO, at 37°C.

Cell transfection and hypoxia treatment. The miR-137 mimic,
miR-137 inhibitor, and miR-137 negative control (NC) were
designed by and synthetized from Shanghai GenePharma
Co., Ltd. Leucine-rich repeat-containing G protein-coupled
receptor (4LGR4)-specific sSiRNA (siLGR4) and the siRNA
control (siCtrl) were obtained from Shanghai GenePharma
Co.,Ltd. PC3 and DU145 cells (2.5x10° cells/well) were seeded
in 6-well plates overnight and transfected with 50 pmol NC,
miR-137 mimic or miR-137 inhibitor using Lipofectamine®
2000 (Invitrogen; Thermo Fisher Scientific, Inc.), as well as 50
pmol siLGR4. The sequences used were as follows: miR-137
mimic, 5'-UUAUUGCUUA AGA AUACGCGUAG-3"; miR-137
inhibitor, 5'-CUACGCGUAUUCUUAAGCAAUAA-3"; NC
for miR-137, 5'-UCACAACCUCCUAGAAAGAGUAGA-3';
siLGR4, 5'-GGUAAGAAACUCCUAAUUAUU-3"; siCtrl,
5'"TTCTCCGAACGTGTCACGT-3". Cells were cultured for
4-6 h at 37°C, and the medium was replaced with complete
DMEM. At 48 h post-transfection, cells were exposed to 24-h
hypoxia (H; 1% O,, 5% CO, and 94% N,) in an incubator
(BioSpherix, Ltd.). For epidermal growth factor receptor
(EGFR) inhibition, 100 nM AG1478 (EMD Millipore) was
added to the cells 1 h prior to hypoxia.

Cell viability analysis. The viability of PC3 and DU145 cells
was detected using the Cell Counting Kit-8 (CCK-8) assay
(Beyotime Institute of Biotechnology). Cells (5x10* cells/well)
were seeded in a 96-well plate, transfected with the miR-137
mimic or inhibitor and exposed to hypoxia. CCK-8 reagent
was added to the cells (10 ul/well) and incubated for 2 h
at 37°C. The absorbance of each well was recorded at 450 nm
by a microplate reader.

Apoptosis assessment. The Cell Death Detection ELISA PLUS
kit (Roche Diagnostics, GmbH) was used to evaluate the apop-
tosis of DU145 and PC3 cells according to the manufacturer's
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instructions. In brief, transfected cells (1x10* cells/well) were
seeded in 96-well plates and subjected to hypoxic conditions.
The cells were lysed and centrifuged, and the supernatant was
transferred into a streptavidin-coated microplate and incu-
bated with the immunoreagent for 2 h at room temperature.
Absorbance of each well was recorded at 405 nm.

Transwell assay. A Transwell assay was used to measure
migration and invasion of PC3 and DUI145 cells. For the
migration assay, cells (1.5x10° cells/well) were seeded in
serum-free DMEM and plated into the upper chamber of a
24-well Transwell plate with 8.0-um pores (BD Biosciences).
Subsequently, 600 1l DMEM supplemented with 20% fetal
bovine serum was added to the lower chamber. After 24-h
incubation at 37°C, the medium was discarded, and the cells
were washed with phosphate-buffered saline and fixed with
4% paraformaldehyde at room temperature for 30 min. The
cells were stained with 0.1% crystal violet at room temperature
for 20 min. Images of cells in five random fields (magnifica-
tion, x200) were captured and the cells were counted under an
optical inverted microscope. For the invasion assay, the cells
(2.5x10° cells/well) were seeded into the upper chamber of a
Transwell plate pre-coated with Matrigel (BD Biosciences)
at 37°C for 30 min, and the protocol was the same as that of
the migration assay.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA of PC3 and DUI145 cells was extracted using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according
to the manufacturer's protocol. A spectrophotometer (Thermo
Fisher Scientific) was used to quantify the concentration of
RNA. A PrimeScript II 1st strand cDNA Synthesis Kit (Takara
Bio, Inc.) was used to reverse-transcribe the RNA into cDNA
at 42°C for 60 min and 70°C for 5 min. Quantitative PCR was
performed with an iQ SYBR® Green Super Mix (BioRad
Laboratories, Inc.) on an ABI PRISM 7000 Fluorescent
Quantitative PCR System (Applied Biosystems, Inc.). The
thermocycling conditions were as follows: 95°C for 5 min;
followed by 40 cycles of 95°C for 5 sec and 60°C for 30 sec. U6
or GAPDH was used as the internal control, and the expres-
sion levels of miR-137 or mRNAs were quantified using the
2-44C method (19). The primer sequences were as follows:
miR-137 forward, 5'-TATTGCTTAAGAATACGCGTA
G-3' and reverse, 5" AACTCCAGCAGGACCATGTGAT-3';
U6 forward, 5'-CTCGCTTCGGCAGCACA-3' and reverse,
5'-AACGCTTCACGAATTTGCGT-3"; LGR4 forward,
5-CTTTGTTTGCCATTTCCTA-3' and reverse, 5-CTAGTG
AGTTTAATAGCACTAA-3"; N-cadherin forward, 5'-CAT
CCCTCCAATCAACTTGC-3' and reverse, 5" ATGTGCCCT
CAAATGAAACC-3"; Vimentin forward, 5-TGTCCAAAT
CGATGTGGATGTTTC-3' and reverse, 5S-TTGTACCATTCT
TCTGCCTCCTG-3'; MMP2 forward, 5“TCTTCAAGGACC
GGTTCATTTG-3' and reverse, 5-GATGCTTCCAAACTT
CACGCTC-3'; GAPDH forward, 5-GGAGCGAGATCCCTC
CAAAAT-3" and reverse, 5'-GGCTGTTGTCATACTTCT
CATGG-3.

Western blotting. Total protein was collected using a RIPA
lysis buffer (Beyotime Institute of Biotechnology) according
to manufacturer's protocol. The concentration of each sample
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was determined by BCA Protein Assay kit (Beyotime Institute
of Biotechnology). Equal amounts of protein from each sample
(50 pg/lane) were separated by 6 or 10% SDS-PAGE and trans-
ferred to a polyvinylidene fluoride membrane. The membrane
was blocked with 5% bovine serum albumin (Amresco, LLC)
and then incubated with primary antibodies against LGR4
(cat. no. ab137480; 1:1,000), N-cadherin (cat. no. ab76057,
1:1,000), vimentin (cat. no. ab92547; 1:1,000; all from Abcam),
MMP2 (cat. no. 40994; 1:1,000), phosphorylated (p)-EGFR
(cat. no. 3777; 1:1,000), EGFR (cat. no. 4267; 1:1,000), p-ERK
(cat. no. 4370; 1:1,000), ERK (cat. no. 4695; 1:1,000; all from
Cell Signaling Technology, Inc.), -actin (cat. no. sc-58673;
1:5,000) and GAPDH (cat. no. sc-47724; 1:5,000; both
from Santa Cruz Biotechnology, Inc.) overnight at 4°C. The
membranes were washed with 0.1% Tween in TBS (Boster
Biological Technology) and incubated with horseradish perox-
idase-conjugated goat anti-rabbit IgG (cat. no. ZDR-5306;
1:10,000) or goat anti-mouse IgG (cat. no. ZDR-5307; 1:10,000;
both from OriGene Technologies, Inc.) secondary antibodies
for 1 h at room temperature. Pierce Enhanced chemilu-
minescence Western Blotting Substrate (Thermo Fisher
Scientific, Inc.) was used to visualize the protein bands, and
the optical density of the bands was analyzed using ImageJ
version 1.8.0 software (National Institutes of Health). The rela-
tive expression of the proteins was measured using [3-actin or
GAPDH as an internal control.

Dual-luciferase reporter gene assay. Two bioinformatics soft-
ware programs, miRDB (http:/mirdb.org/) and microRNA.
org (http://www.microrna.org/microrna/home.do), were used
to determine whether LGR4 was a target gene of miR-137.
The wild-type (wt) 3'-untranslated region (UTR) of LGR4 was
amplified and cloned into a pMiR-reporter vector (Promega
Corporation). A mutation site of LGR4 in a seed sequence
was generated and inserted into the pMiR-reporter vector
(mut-LGR4-3'-UTR). The LGR4 3'-UTR was sequenced,
and the nucleotide alignment was compared with that in
the NCBI database (https://blast.ncbi.nlm.nih.gov/Blast.cgi;
NM_018490.5). PC3 cells (4x10* cells/well) were seeded into
a 24-well plate and co-transfected with miR-137 mimic or
NC and wt or mut-LGR4-3'-UTR. After 48-h transfection, a
Dual-Luciferase Reporter assay (Promega Corporation) was
conducted to analyze the firefly and Renilla luciferase activities
according to the manufacturer's instructions. Firefly luciferase
activity was normalized to Renilla luciferase activity.

Statistical analysis. All experiments were repeated at least
three times. Data are presented as the mean + SD and were
analyzed using SPSS 11.0 software (SPSS, Inc.). One-way
analysis of variance followed by Bonferroni post hoc test was
used to compare the differences among multiple groups. P<0.05
was considered to indicate a statistically significant difference.

Results

Hypoxia down-regulates miR-137 expression in prostate
cancer cells. The expression of miR-137 was determined
in prostate cancer cells under hypoxic conditions. PC3 and
DU145 cells were selected as they have been commonly used
to study prostate cancer progression and exhibit high levels
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of migratory and invasive activity (20,21). As presented in
Fig. 1A, PC3 and DU145 cells exposed to hypoxia exhibited
a decrease in miR-137. The results of RT-qPCR also demon-
strated high miR-137 levels following transfection with the
miR-137 mimic and low miR-137 levels following transfection
with the miR-137 inhibitor compared with those transfected
with the NC in PC3 and DU14S5 cells (Fig. 1B and C).

miR-137 affects prostate cancer cell viability and apoptosis.
Cell viability and apoptosis of PC3 and DU145 cells were
assayed. The results demonstrated that hypoxia induced cell
proliferation, transfection with the miR-137 mimic reduced
cell viability, and the miR-137 inhibitor promoted the survival
of PC3 cells compared with the NC group (Fig. 2A). Hypoxia
had no effect on apoptosis; however, miR-137 positively
regulated apoptosis compared with the NC-transfected PC3
cells (Fig. 2B). Similar trends were observed in DU145 cells,
as hypoxia enhanced cell viability, but did not affect apop-
tosis, whereas the miR-137 mimic reduced cell viability and
facilitated apoptosis, and inhibition of miR-137 promoted cell
survival and decreased apoptosis (Fig. 2C and D). These results
indicated that miR-137 regulated the viability and apoptosis of
PC3 and DU145 cells.

miR-137 inhibits cell migration and invasion under hypoxia.
PC3 and DUI145 cells were exposed to hypoxia after transfec-
tion with the miR-137 mimic or inhibitor. Cell migration and
invasion were assessed using Transwell assays. The miR-137
mimic inhibited hypoxia-induced cell migration (Fig. 3A)
and invasion (Fig. 3B) compared with those in the NC + H
group. Inhibition of miR-137 displayed the opposite results in
PC3 cells. In addition, the migration (Fig. 3C) and invasion
(Fig. 3D) of DU14S5 cells were inhibited by the miR-137 mimic
and promoted by miR-137 inhibitor. These results indicated
that miR-137 blocked the hypoxia-induced migration and
invasion of prostate cancer cells.

miR-137 suppresses the hypoxia-induced EMT. To investigate
how miR-137 affects EMT in prostate cancer cells, images
of cell morphology were captured, and it was observed that
hypoxia induced a fusiform morphology; the miR-137 mimic
reversed this effect, whereas the miR-137 inhibitor further
induced the EMT morphology of PC3 cells compared with
the NC-transfected cells (Fig. S1). Similarly, in DU145 cells,
the miR-137 mimic inhibited the hypoxia-mediated EMT
morphology, however, no differences were observed in cell
morphology between the NC + H and inhibitor + H groups
(Fig. S1). In order to evaluate whether EMT occurred in PC3
and DUI145 cells after transfection with the miR-137 mimic
or inhibitor and hypoxia, the expression levels of EMT-related
markers were detected. As demonstrated in Fig. 4A, the
miR-137 mimic significantly attenuated the hypoxia-induced
increases in the mRNA levels of N-cadherin, vimentin and
MMP2 compared with those in the NC + H group. Western
blot analysis revealed that compared with the NC + H group,
the miR-137 mimic down-regulated EMT-related protein
expression levels, whereas the miR-137 inhibitor further
up-regulated EMT-related protein expression in PC3 cells
(Fig. 4B). In DU145 cells, the miR-137 mimic blocked the
hypoxia-induced up-regulation of N-cadherin, vimentin and
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Figure 1. Hypoxia stimulates the up-regulation of miR-137. PC3 and DUI145 cells were exposed to hypoxia (1% O,) for 24 h. (A) Expression of miR-137
was assessed by RT-qPCR. (B) PC3 and (C) DU145 cells were subjected to hypoxia after transfection with a miR-137 mimic or inhibitor. The mRNA level
of miR-137 was determined. "P<0.05 vs. Con; “P<0.05 vs. H. miR, microRNA; Con, control; H, hypoxia; NC, miR-137 negative control; RT-qPCR, reverse

transcription-quantitative PCR.
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Figure 2. miR-137 regulates cell viability and apoptosis in prostate cancer cells. PC3 and DU145 cells were treated with a miR-137 mimic or inhibitor and
subjected to hypoxia. (A) Cell viability and (B) apoptosis were determined using CCK-8 assay and Cell Death Detection ELISA plus kit, respectively, in PC3
cells. (C and D) CCK-8 assay and Cell Death Detection ELISA plus kit were performed to evaluate the (C) cell viability and (D) apoptosis of DU145 cells.
“P<0.05 vs. Con; *P<0.05 vs. NC + H. miR, microRNA; Con, control; H, hypoxia; NC, miR-137 negative control; CCK-8, Cell Counting Kit-8.
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Figure 3. miR-137 inhibits cell migration and invasion induced by hypoxia in prostate cancer cells. PC3 and DU145 cells were transfected with a miR-137
mimic or inhibitor for 48 h and exposed to hypoxia. (A and B) Transwell assays were used to detect the PC3 cell (A) migration and (B) invasion. The (C) migra-
tion and (D) invasion of DU145 cells were detected by Transwell assays. "P<0.05 vs. Con; “P<0.05 vs. NC + H. miR, microRNA; Con, control; H, hypoxia; NC,

miR-137 negative control.

MMP2 mRNA levels compared with the NC-transfected cells;
however, ablation of miR-137 promoted hypoxia-induced
increases in N-cadherin, vimentin, and MMP2 mRNA levels
(Fig. 4C). In addition, the miR-137 mimic decreased the
protein levels of EMT-related proteins, whereas the miR-137
inhibitor increased the protein levels of N-cadherin, vimentin,
and MMP2 in DU145 cells compared with those in the NC + H
group (Fig. 4D). These results suggested that miR-137 inhibited
the EMT in prostate cancer cells exposed to hypoxia.

miR-137 targets LGR4 in PC3 cells. Bioinformatics analysis
identified LGR4 as a target gene of miR-137. The binding site
between miR-137 and LGR4-wt or LGR4-mut is presented in
Fig. 5A. The LGR4-3'-UTR was sequenced, and then nucleo-
tide alignment was compared in NCBI. The similarity with
NM_018490.5 was 99.09% (data not shown). To confirm this
result, a dual-luciferase reporter gene assay was performed in
PC3 cells after 48-h co-transfection with the miR-137 mimic
or NC and LGR4-wt or LGR4-mut. As presented in Fig. 5B,
luciferase activity decreased following co-transfection with
LGR4-wt and the miR-137 mimic compared with that in the
NC group, whereas no significant differences were observed in
cells transfected with LGR4-mut. Additionally, compared with
the NC + H group, the miR-137 mimic negatively regulated
the expression of LGR4 at the mRNA (Fig. 5C) and protein
(Fig. 5D) levels under hypoxic conditions.

miR-137 regulates EGFR/ERK signaling by targeting LGR4.
To elucidate the mechanism of miR-137 in the modulation of
migration and EMT, PC3 cells were co-transfected with the
miR-137 inhibitor and siLGR4 and subjected to hypoxia. The

levels of LGR4 expression were decreased at the mRNA and
protein levels following transfection with siLGR4 compare
with that in the siCtrl group (Fig. S2). In addition, the miR-137
inhibitor elevated the LGR4 protein levels compared with
those in the negative control group, whereas knockdown of
LGR4 reduced the expression of LGR4 compared with that in
the inhibitor + siCtrl group (Fig. 6A). Inhibition of miR-137
expression further up-regulated the hypoxia-mediated augmen-
tation of EGFR phosphorylation compared with that in the
NC + siCtrl + H group, whereas LGR4 silencing reversed this
effect (Fig. 6B). Consistent with EGFR, the miR-137 inhibitor
increased the phosphorylation of ERK compared with that in the
negative control group, whereas LGR4 knockdown decreased it
(Fig. 6C). These results suggested that miR-137 may regulate
the EGFR/ERK signaling pathway by targeting LGR4.

miR-137 regulates PC3 cell migration and EMT by targeting
LGR4 via the EGFR/ERK signaling pathway. To examine
the potential mechanisms of miR-137 in the regulation of the
migration and EMT of PC3 cells, the cells were pretreated with
AGI1478, which is a selective inhibitor of EGFR. As presented
in Fig. 7A and B, the miR-137 inhibitor increased cell migra-
tion and invasion under hypoxic conditions compared with the
NC + H group, whereas down-regulation of LGR4 or disruption
of the EGFR/ERK signaling pathway reversed these effects.
Furthermore, the mRNA levels of N-cadherin, vimentin and
MMP2 increased after transfection with the miR-137 inhibitor
compared with those in the NC-transfected cells, but decreased
following LGR4 knockdown or inhibition of the EGFR/ERK
signaling pathway (Fig. 7C). Similarly, the effects of the
miR-137 inhibitor on the regulation of N-cadherin, vimentin
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Figure 5. miR-137 directly targets LGR4 in PC3 cells. (A) The binding sites between miR-137 and LGR4-wt or LGR4-mut. (B) PC3 cells were co-transfected
with NC or miR-137 mimic and LGR4-wt or with LGR4-mut for 48 h, and relative luciferase activity was determined. The (C) mRNA and (D) protein levels
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hypoxia; NC, miR-137 negative control; LGR4, leucine-rich repeat-containing G protein-coupled receptor 4; wt, wild-type; mut, mutant; RT-qPCR, reverse

transcription-quantitative PCR.

and MMP?2 protein levels were abolished by LGR4 silencing
or EGFR/ERK signaling pathway inhibition in presence of
hypoxia (Fig. 7D). These results suggested that miR-137 regu-
lated the migration and EMT of PC3 cells by targeting LGR4
via the EGFR/ERK signaling pathway.

Discussion

Hypoxia is a common feature of solid tumors and a negative
prognostic and predictive factor that contributes to tumor

progression and chemoresistance (22). MicroRNAs are abnor-
mally expressed when exposed to hypoxia, lipopolysaccharides
or tumor necrosis factor-a (23,24). miR-137 is downregulated
in the mouse brain during hypoxia (18). Consistent with
these findings, the results of the present study demonstrated
decreased levels of miR-137 in PC3 and DUI145 cells after
exposure to hypoxia, suggesting that miR-137 was involved in
the hypoxia-mediated prostate cancer progression.

The responses of tumor cells to hypoxia include cell
proliferation, differentiation and resistance to apoptosis (25).
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The sensitivity to apoptosis is likely to be one of the critical
factors in determining whether cancer cells survive (26). In
the present study, hypoxia promoted cell survival, but had no
effect on apoptosis in PC3 and DU145 cells. Coffey et al (27)
previously demonstrated that PC3 and DUI145 cells were

resistant to apoptosis under hypoxic conditions, but LNCaP
and PWR-1E cells were susceptible, which may be due to
androgen-independent PC3 and DU145 expressing high levels
of NLR family apoptosis inhibitory protein, cellular inhibitor
of apoptosis 1 (cIAP-1) and cIAP-2, among which cIAP-2
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expression has been identified to be associated with apoptosis
resistance. The results of the present study demonstrated that
miR-137 prevented the proliferation and triggered the apop-
tosis of PC3 and DU145 cells. Consistent with these results,
Huang et al (28) demonstrated that miR-137 overexpression
reduced cell proliferation and increased apoptosis in acute
lymphoblastic leukemia cells, which has also been observed in
pancreatic cancer cells (29).

miR-137 is a suppressor of a number of tumors, including
gastric cancer (30), hepatocellular (31) and renal cell (32)
carcinoma. miR-137 attenuates the proliferation, migra-
tion, invasion and EMT of multiple types of cancer cells,
including endometrial (33), colon (34) and triple-negative
breast (35) cancer cells. Consistent with these findings,
the results of the present study demonstrated that miR-137
reduced the hypoxia-induced cell viability, migration and
invasion, as well as EMT-related protein expression of
prostate cancer cells.

LGRs belong to the seven-transmembrane protein family
with receptors for glycoprotein, thyrotropin, and luteinizing
and follicle-stimulating hormones (36). LGR4, also termed G
protein-coupled receptor 48, is closely associated with LGRS
and LGR6 (37). LGR4 serves a central role in the development
of the male reproductive tract (38). LGR5 mostly occurs on
the surface of gastrointestinal proliferative stem cells, where
it serves as a specific molecular marker of stem cells (39).
LGR6 appears on the surface of skin pluripotent stem
cells (40). LGR4, LGR5 and LGR6 were initially considered
to be orphan receptors until it was discovered that R-spondin
ligands directly linked these receptors to signal transduction
in stem cells (41). Recently, LGR4 has been implicated in
tumor progression, including papillary thyroid carcinoma (42)
and prostate cancer (43).

The short-term survival rate in patients with high expression
of LGR4 is lower compared with that in patients with low LGR4
expression, and LGR4 silencing inhibits the migration, inva-
sion and scarring of the prostate cancer cell line DU145 (43).
In addition, overexpression of LGR4 exacerbates tumorigenesis
of prostate cancer cells (44,45). PC3 and DU145 cells are
commonly used to study prostate cancer progression due to
high levels of migratory and invasive activity (20,21). However,
in all experiments in the present study, PC3 cells exhibited
higher reproducibility of the results and more significant differ-
ences among groups compared with DU145 cells. Thus, PC3
cells were selected to study the association between miR-137
and LGR4, and the roles of LGR4 knockdown in hypoxia
and miR-137 inhibitor-mediated cell migration, invasion and
EMT-related protein expression. The results demonstrated that
miR-137 directly targeted the 3'-UTR of LGR4 in PC3 cells.
Of note, miR-137 negatively regulated the expression of LGR4,
and LGR4 knockdown reversed the biological effects of the
miR-137 inhibitor on PC3 cell migration and EMT, suggesting
that miR-137 protected against hypoxia-mediated migration and
EMT by inhibiting LGR4.

EGFR belongs to the receptor tyrosine kinase family
and initiates tyrosine kinase activity after activation of EGF
and other ligands, and further activates the downstream
signal transduction pathways (46). Activation of EGFR/ERK
signaling contributes to EMT and migration in prostate cancer,
and LGR4 deficiency reduces phosphorylation of EGFR and
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ERK. EGFR/ERK signaling is associated with tumorigenesis
and is activated in lung cancer (47). EGFR/ERK signaling also
inhibits cell proliferation and facilitates apoptosis in renal cell
carcinoma (48). Blocking this pathway promotes cell death in
prostate cancer (49). A previous report has demonstrated that
LGR4 deficiency downregulates the phosphorylation of EGFR
and ERK (50). The results of the present study demonstrated
that miR-137 negatively regulated the EGFR/ERK signaling
pathway by targeting LGR4 and that AG1478 abrogated the
biological activities of miR-137. These results suggested that
miR-137 regulated the EGFR/ERK signaling pathway by
targeting LGR4 to impede the migration and EMT of prostate
cancer cells.

In conclusion, the results of the present study revealed that
hypoxia led to decreases in miR-137 expression. The miR-137
mimic inhibited, whereas the miR-137 inhibitor aggravated
the hypoxia-induced cell migration, invasion and EMT in
prostate cancer cells. Additionally, a luciferase reporter assay
verified that miR-137 directly targeted LGR4. miR-137 nega-
tively regulated EGFR/ERK by targeting LGR4. Knockdown
of LGR4 abolished the effects of the miR-137 inhibitor on cell
migration and EMT. AG1478 treatment also abrogated the
effects of the miR-137 inhibitor on PC3 cell migration, inva-
sion and EMT. Taken together, these results demonstrated that
miR-137 may regulate the hypoxia-mediated migration and
EMT in prostate cancer by targeting LGR4 via the EGFR/ERK
signaling pathway. These results suggest a possible therapeutic
strategy for prostate cancer treatment.
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