Am J Cancer Res 2016;6(8):1650-1660
www.ajcr.us /ISSN:2156-6976/ajcr0035324

Original Article
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Abstract: Prostate cancer is one of the leading causes of cancer deaths among men, many miRNAs have been dem-
onstrated to play critical role in the progression of prostate cancer, miR-186 suppresses the progression of many
tumors, such as bladder cancer and glioma. Previous study shows miR-186 is downregulated in prostate cancer
tissues, and is a good prognosis for prostate cancer patients. In this study, we found miR-186 was downregulated
in prostate cancer cells and tissues, overexpression of miR-186 inhibited cell proliferation and tumorigenesis in
vitro determined by MTT assay, colony formation assay and soft agar growth assay, whereas knockdown of miR-186
reduced these effects. Cell cycle analysis found miR-186 overexpression arrested cell cycle in GO/G1 phase, and
reduced p21 and p27 levels, and enhanced Cyclin D1 and the phosphorylation of Rb levels, suggesting miR-186
blocked G1/S transition. A novel oncogene Golgi phhosphoprotein 3 (GOLPH3) was the target of miR-186, miR-186
bound to the 3'UTR of GOLPH3. Moreover, miR-186 was negatively correlated with GOLPH3 in prostate cancer tis-
sues. In conclusion, our study suggested miR-186 inhibited cell proliferation through targeting oncogene GOLPH3.
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Introduction

microRNA (miRNA) inhibits target gene expres-
sion by a combination of translational repres-
sion and mRNA destabilization, and can serve
as a tumor suppressor or an oncogene [1-3].

miR-186 has been demonstrated to play criti-
cal role in the progression of many tumors. In
non-small cell lung carcinoma (NSCLC), miR-
186 is downregulated in NSCLC cells and speci-
mens, it inhibits cell proliferation by directly
targeting cell cycle regulatory proteins Cyclin
D1, CDK2 and CDK® [4], other groups find miR-
186 also suppresses growth, migration and
invasion of NSCLC cells through targeting Rho-
associated protein knase 1 (ROCK1) and pitu-
itary tumor transforming gene 1 (PTTG1) [5, 6].
miR-186 cooperated with miR-216b, miR-337-
3p and miR-760 to induce apoptosis of colorec-
tal cancer cells by inhibiting o subunit of pro-
tein kinase CKII [7]. Epithelial-mesenchymal

transition (EMT) promoter Twist1 is the target of
miR-186 in ovarian cancer, overexpression of
miR-186 induces mesenchymal-epithelial tran-
sition (MET), arrests cell cycle in G1 phase and
enhances apoptosis and chemosensitivity to
cisplatin [8]. Long non-coding RNA CRNDE con-
tributes to the cell proliferation, migration, inva-
sion and survival of glioma stem cells through
inhibiting miR-186. Mechanism analysis sug-
gests X-linked inhibitor of apoptosis (XIAP) and
PAK7 are the targets of miR-186, XIAP can
inhibit Caspase 3 activation, PAK7 suppresses
BAD and MARK2 to inhibit apoptosis and migra-
tion and invasion, respectively. PAK7 also pro-
motes Cyclin D1 to regulate cell cycle progres-
sion [9]. In other kinds of tumors, miR-186 can
function as an oncogene. miR-186 targets to
tumor suppressor gene FOXOl1l to promote
endometrial tumorigenesis [10]. miR-186 is a
poor prognosis factor for patients with pancre-
atic ductal adenocarcinoma (PDAC), and is over-
expressed in PDAC tissues. Functional analysis
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reveals miR-186 promotes cell proliferation,
migration and invasion by targeting nuclear
receptor subfamily 5, group A member 2
(NR5A2) [11]. miR-186 promotes hepatocar-
cinogenesis by targeting tumor suppressor A
kinase anchor protein 12 (AKAP12) [12].

Prostate cancer is the second diagnosed can-
cer in men worldwide, with about 1.1 million
new cases in 2012 [13], the current therapy
approach couldn’t reduce the death rate of
prostate cancer. New therapy methods and tar-
gets are essential for prostate cancer diagno-
sis and treatment. Recently, Kati Erdmann, et
al. find miR-186 is downregulated in prostate
cancer tissues compared to the normal pros-
tate tissues and benign prostatic hyperplasia,
the correlation analysis between miR-186
expression clinicopathologocal parameters
suggestes miR-186 expression is negative cor-
relation with T, N and M classification, it may be
a good prognosis factor for prostate cancer
patients. But the role of miR-186 hasn’t been
studied [14].

Here, we determined the expression of miR-
186 in prostate cancer cells and tissues, then
we upregulated or downregulated miR-186
expression to determine the role of miR-186 in
cell proliferation and tumorigenesis in vitro
using MTT assay, colony formation assay, cell
cycle assay, Ki67 staining assay and soft agar
growth assay. We looked for the target of miR-
186 and confirmed using luciferase reporter
assay, and found miR-186 inhibited cell prolif-
eration of prostate cancer by targeting GOLPH3.

Materials and methods

Cell culture, RNA oligoribonucleotides and
transfection

Primary-cultured prostate epithelial cell lines
(indicated as N) were maintained in 5% Ham’s
F12 (Hyclone) with 5% fetal bovine serum (FBS)
(Hyclone), 5 ug/ml insulin, 10 ng/ml epidermal
growth factor, 1 ug/ml hydrocortisone (Sigma).
Prostate cancer cell lines LNCap, 22RV1, Tsu-
Pr1, PC3 and DU145 were obtained from the
American Type Culture Collection (ATCC), and
were maintained in RPMI-1640 medium sup-
plemented with 10% FBS.

Wild miR-186 mimic, mutational miR-186
mimic, miR-186 inhibitor and their cognate con-
trol RNAs (indicated as negative control (NC))

1651

were synthesized by RiBio Co., Ltd. Cells were
seeded in six-well plates, and 20 nm oligonu-
cleotides were transfected into indicated pros-
tate cancer cells using riboFECT CP transfec-
tion Reagent (RiBio Co., Ltd) when the density
of cells up to 50~80%.

Human prostate cancer samples

Eight pairs of prostate cancer tissues (indicat-
ed as T) and adjacent normal prostate tissues
(indicated as ANT) were collected from De-
partment of Pathology, Guangzhou Red Cross
Hospital, Medical College, Jinan University, and
were frozen and stored in liquid nitrogen for fur-
ther use. For the use of these samples for
research purposes, prior patient’s written in-
formed consents and approval from the De-
partment of Pathology, Guangzhou Red Cross
Hospital, Medical College, Jinan University were
obtained.

RNA isolation and real time RT-PCR

Total miRNA from cultured cells and tissues
using was extracted using miRNeasy mini Kit
(Qiagen), total RNA from cultured cells was
extracted using TRIzol (Life Technologies),
cDNAwasreversetranscribed using SuperScript
Il Reverse Transcriptase (Invitrogen). Oligo
(dT),,,, Was used for genes reverse transcrip-
tion, specific primer was used for miR-186
reverse transcription, the sequence was shown
as follow:

5'TCGTATCCAGTGCAGGGTCCGAGGTATTCG-
CACTGGATACGACAGCCCA3'. The gene/miRNA
expression level was quantified using FastStart
Universal SYBR Green Master (Roche) and per-
formed at Applied Biosystems 7300 Sequence
Detection System. RUN24 was used as an
endogenous control for miRNA date normaliza-
tion, GAPDH was used as an endogenous con-
trol for gene normalization. The sequences we-
re show as follows: miR-618: F: 5’ GTCGTATCAC-
AAAGAATTCTCCTTTTT3’, R: 5’GTGCAGGGTCC-
GAGGT3'. p21: F: 5’CGATGCCAACCTCCTCAAC-
GA3’, R: 5 TCGCAGACCTCCAGCATCCA3'. p27: F:
5’ GAGCAATGCGCAGGAATAA3, R: 5 TCCACAGA-
ACCGGCATTT3'. Cyclin D1: F: 5’TCCTCTCCAA-
AATGCCAGAG3’, R: 5’GGCGGATTGGAAATGAAC-
TT3'. The relative expression of gene and
miRNA were calculated using a comparative Ct
method.
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Figure 1. miR-186 is downregulated in prostate cancer cells and tissues. A. Real time RT-PCR determined miR-186
expression in prostate cancer cells and primary-cultured prostate epithelial cells. B. Real time RT-PCR determined
miR-186 expression in prostate cancer tissues (T) and adjacent normal prostate tissues (ANT). Error bars represent
+S.D. *P < 0.05.

Western blot assay ture. 10 days later, viable colonies which con-
tained more than 50 cells or were larger than

Total protein was isolated from using RIPA Lysis 0.1 mm were counted. Colony size was deter-

buffer (50 mM Tris (pH 7.4), 1 mM EDTA, 150 mined using an ocular micrometer, colonies

mM NaCl, 1% NP-40 and 0.5% SDS) supple- greater than 0.1 mm in diameter were co-

mented with cocktail (Roche). Western blot unted.

assay was performed as previously described

[15]. Antibodies used were described as fol- Cell cycle assay

lows: GOLPH3 (sc-242931), p21 (sc-397), p27

(sc-528), Cyclin D1 (sc-450), Rb (sc-50) and Cells were trypsinized and washed with cold

p-Rb (sc-16670). The membranes were stripped PBS followed by fixation in 70% ethanol for

and re-probed with anti-a-Tubulin (sc-5286) overnight at 4°C. After washing with cold PBS

antibody as the loading control. These antibod- three times, cells were resuspended in 800 ul

ies were purchased from Santa Cruz Biote- PBS with propidium iodide (PI, Sigma) at a den-

chnology. sity of 50 ug/ml and RNase A (Sangon Biotech)

at a density of 100 unit/ml for 30 min at 37°C.
Cells were analyzed for DNA content using a
FACSCalibur cytometer (BD).

Cell proliferation assay

MTT assay was performed according to the
standard method [16]. For colony formation
assay, cells were plated in 6-well plates at a
density of 500 cells every well and transfected Cells transfected with miR-186 mimic or miR-
miR-186 mimic or miR-186 inhibitor. Then cells 186 inhibitor were seeded the cover glass
were maintained in RPIM-1640 containing 10% placed in 6-well plates, when the density of
FBS for 10 days. Colonies were fixed using cells was up to 60%, cells washed with cold
methgnol, stained with 0.1% crystal violet for PBS three times followed by fixation in 4% poly-
10 min, and photographed. formaldehyde for 15 min, and washed with cold
PBS three times. Cells were permeated using
0.5% Triton X-100 for 20 min at room tempera-

Ki67 staining assay

Soft agar growth assay

Soft afar growth assay was performed accord- ture, and were washed with cold PBS three
ing to the previous method [16]. Briefly, 500 times. Then cells were blocked with 1% BSA for
cells were suspended in 2 ml complete medium 30 min and discarded. Cells were incubated
with 0.3% agar (Sigma), plated on top of a bot- with anti-Ki67 antibody (1:200, ab15580,
tom layer with 1% complete medium agar mix- Abcam) for overnight at 4°C and washed with
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Figure 2. Overexpression of miR-186 inhibits cell proliferation. A. MTT determined the effect of miR-186 overexpres-
sion on cell proliferation in prostate cancer cells PC3 and DU145. B. Colony formation assay determined the role of
miR-186 in cell proliferation in indicated cells with miR-186 overexpression. C. Soft agar growth assay determined
the effect of miR-186 overexpression on tumorigenesis in vitro. Error bars represent + S.D. *P < 0.05.

PBST three times, followed by incubating at
room temperature for 1 h with a Goat Anti-
Rabbit 1gG H&L (Alexa fluor 568) (1:1000,
abl175471, Abcam). Cells were washed with
cold PBST three times. Nuclear DNA was
labeled in blue with DAPI. Cells were photo-
graphed using Axio Imager Z2 (Carl Zeiss
Corporation).

Luciferase reporter assay

The 3-UTR sequence of GOLPH3 containing
the binding site of miR-186 was cloned into the
psiCHECK-2 vector (GOLPH3-3’UTR). Cells
which were seeded in triplicate in 24-well plates
at 60% confluence were cotransfected psi-
CHECK-2-GOLPH3-3’UTR with miR-186 mimic,
miR-186 inhibitor or mutational miR-186 mimic
using lipofectamine 2000 (Invitrogen), lucifer-
ase activities were investigated after 48 h by
Dua-Luciferase Reporter Assay System (Pro-
mega) according to the manufacturer’s ins-
truction.
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Statistical analysis

All experiments were carried out in triplicate.
GraphPad Prism 6 (GraphPad Software, Inc.)
was used for analysis the data. Results are pre-
sented as the mean + standard deviation
(STDEV) for three repeated individual experi-
ments for each group. Statistical differences
were analyzed by using student’s t-test (two-
paired) and One-way analysis of variance
(ANOVA) for independent samples. A P-value <
0.05 was considered statistically significant.

Results

miR-186 is downregulated in prostate cancer
cells and tissues

We found miR-186 was significantly downregu-
lated in prostate cancer cells compared to the
normal prostate epithelial cells (Figure 1A).
miR-186 was also downregulated in primary
prostate cancer tissues compared to the adja-

Am J Cancer Res 2016;6(8):1650-1660
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Figure 3. Overexpression of miR-186 inhibits cell proliferation. A. Cell cycle assay determined the role of miR-186 in
cell cycle progression by overexpressing miR-186. B. Ki67 staining assay determined the effect of miR-186 overex-

pression on cell proliferation. Error bars represent + S.D. *P < 0.05.
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Figure 4. Knockdown of miR-186 promotes cell proliferation. A. MTT determined the effect of miR-186 knockdown
on cell proliferation in prostate cancer cells PC3 and DU145. B. Colony formation assay determined the role of miR-
186 in cell proliferation in indicated cells with miR-186 knockdown. C. Soft agar growth assay determined the effect
of miR-186 knockdown on tumorgenesis in vitro. Error bars represent + S.D. *P < 0.05.
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Figure 5. Knockdown of miR-186 inhibits cell proliferation. A. Cell cycle assay determined the role of miR-186 in cell
cycle progression by downregulating miR-186. B. Ki67 staining assay determined the effect of miR-186 knockdown
on cell proliferation. Error bars represent + S.D. *P < 0.05.

cent normal prostate tissues (Figure 1B).
Together, miR-186 was downregulated in pros-
tate cancer cells and tissues, and might inhibit
prostate cancer progression.

miR-186 overexpression inhibits cell prolifera-
tion of prostate cancer

To elucidate the role of miR-186 in the prolifera-
tion of prostate cancer, we overexpressed miR-
186 in prostate cancer cells DU145 and PC3.
MTT assay found overexpression of miR-186
decreased cell proliferation rate (Figure 2A),
colony formation assay showed miR-186 over-
expression suppressed cell proliferation (Figure
2B). Soft agar growth assay revealed miR-186
overexpression suppressed tumorigenesis in
vitro, as shown by decreased colony numbers
and sizes (Figure 2C). We further examined
whether miR-186 overexpression suppressed
cell proliferation using cell cycle assay and cell
proliferation marker Ki67 staining assay. Cell
cycle assay suggested overexpression of miR-
186 was associated with a decrease of the cell
population in S phase and an increase of the
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cell population in G1 phase in indicated cells
(Figure 3A). Ki67 staining assay suggested the
number of Ki67 positive cells were significantly
decreased when miR-186 was overexpressed
(Figure 3B). Taken together, miR-186 overex-
pression inhibited cell proliferation.

miR-186 knockdown promotes cell prolifera-
tion of prostate cancer

To confirm that miR-186 contributes to the cell
proliferation, we downregulated miR-186 level
in prostate cancer cells PC3 and DU145. MTT
assay found knockdown of miR-186 increased
cell proliferation rate (Figure 4A), colony forma-
tion assay found knockdown of miR-186 signifi-
cantly promoted cell proliferation (Figure 4B).
Soft agar growth assay revealed that knock-
down of miR-186 promoted tumorigenesis in
vitro, as shown by increased colony numbers
and sizes (Figure 4C). Cell cycle assay suggest-
ing knockdown of miR-186 was associated with
a decrease of the cell population in G1 phase
and an increase of the cell population in S
phase in indicated cells (Figure 5A). Ki67 stain-

Am J Cancer Res 2016;6(8):1650-1660
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Figure 6. miR-186 regulates cell cycle regulatory proteins about G1/S transition. A. Real time RT-PCR determined
p21, p27 and Cyclin D1 in PC3 and DU145 with miR-186 overexpression of knockdown. B. Western blot determined
p21, p27, Cyclin D1, Rb and p-Rb level in indicated cells with miR-186 overexpression of knockdown. a-Tubulin was
used as the lading control. Error bars represent £ S.D. *P < 0.05.

ing assay suggested the number of Ki67 posi-
tive cells were significantly increased when
miR-186 was downregulated (Figure 5B). These
results suggested miR-186 knockdown promot-
ed cell proliferation.

1656

miR-186 regulates the cell cycle regulatory
proteins involved in G1/S transition

We found overexpression of miR-186 decreased
the cell population of S phase, and increased

Am J Cancer Res 2016;6(8):1650-1660
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the cell population of G1 phase, whereas miR-
186 knockdown reduced this effect, suggest-
ing MiR-186 regulated G1/S transition. So we
determined whether miR-186 regulates cell
cycle proteins which regulate G1/S transition.
Overexpression of miR-186 increased p21 and
p27 expression, but decreased Cyclin D1
expression in both mRNA and protein levels.
Knockdown of miR-186 decreased p21 and
p27 expression, but increased Cyclin D1
expression (Figure 6A and 6B). Rb is a tumor
suppressor, it binds to E2F family proteins, and
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inhibits the activity of E2Fs, E2Fs promote the
expression of genes about G1/S transition,
such as CDC2, Cyclin E, Cyclin A and thymidine
kinase. The phosphorylation of Rb disrupts its
interaction with E2Fs, and releases activity of
E2Fs to promote G1/S transition [17]. We found
knockdown of miR-186 increased the phospor-
ylation level of Rb, overexpression of miR-186
decreased the phosporylation level of Rb
(Figure 6B). These results suggested miR-186
regulated the cell cycle regulatory proteins
involved in G1/S transition.

Am J Cancer Res 2016;6(8):1650-1660
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GOLPH3 is the target of miR-186

miRNAs mediate target mRNA degradation
and/or inhibit translation. We used TargetScan
and miRanda to predict the target of miR-186,
and found GOLPH3 that is a novel oncogene
was the target of miR-186 (Figure 7A). Western
blot assay showed overexpression of miR-186
decreased GOLPH3 expression, knockdown of
miR-186 increased GOLPH3 expression (Figure
7B and 7C). To examine whether miR-186
directly binds to the 3'UTR of GOLPH3, we sub-
cloned the sequence of 3'UTR of GOLPH3 into
psiCHECK™-2 vector, and cotransfected with
mMiR-186 mimic, mutational miR-186 mimic or
miR-186 inhibitor into indicated prostate can-
cer cell. Luciferase report assay suggested
luciferase activity was reduced when psi-
CHECK-2-GOLPH3-3'UTR was cotransfected
with wild miR-186 mimic in a dose manner,
luciferase activity was increased when psi-
CHECK-2-GOLPH3-3'UTR was cotransfected
with miR-186 inhibitor in a dose manner, but
the luciferase activity wasn't changed when
psiCHECK-2-GOLPH3-3’UTR was cotransfected
with mutational miR-186 mimic (Figure 7D).
These results showed GOLPH3 is the target of
miR-186.

We also analyzed the relationship between
miR-186 levels and GOLPH3 expression in
prostate cancer tissues, and found that there
was a negative correlation between miR-186
levels and GOLPH3 expression in prostate can-
cer tissues (Figure 8).

Discussion

In present study, we found miR-186 was down-
regulated in prostate cancer cells and tissues,
miR-186 overexpression suppressed anchor-
age-dependent and -independent growth, miR-
186 knockdown promoted anchorage-depen-
dent and -independent growth. Cell cycle assay
found overexpression of miR-186 arrested cell
cycle in GO/G1 phase, suggesting miR-186
inhibited G1/S transition, when miR-186 was
downregulated, cell cycle inhibitors p21 and
p27 were significantly downregulated, Cyclin
D1 and phosphorylation of Rb levels were
upregulated. Knockdown of miR-186 reduced
these effects. Ki67 is a marker for cell prolifer-
ation [18], Ki67 staining assay showed that
Ki67 level was significantly reduced, once miR-
186 overexpression, confirming miR-186 regu-
lated cell proliferation by regulation G1/S
transition.
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GOLPH3 is the target of miR-186 predicted by
software online, miR-186 level was negative
correlation with GOLPH3 level, luciferase
reporter assay found miR-186 directly bound to
the 3’UTR of GOLPH3, mutation in the seed site
of miR-186 abrogated the interaction. GOLPH3
is a novel oncogene, its copy number is ampli-
fied in many tumors, such as lung cancer, ovar-
ian cancer, breast cancer, prostate cancer and
melanoma, it regulates cell size and enhances
mTOR signaling [19]. GOLPH3 also regulates
NF-kB signaling, it enhances the expression of
TRAF2, RIP and NEMO to sustain the activation
of NF-kB in hepatocellular carcinoma (HCC) and
promotes HCC aggressiveness [20].

Recently, many groups find GOLPH3 not only
promotes the progression of various tumors,
but also function as a prognosis of poor out-
come. For example, GOLPH3 is an independent
prognosis factor for gastric cancer [21], epithe-
lial ovarian cancer [22], NSCLC [23], renal cell
carcinoma [24], breast cancer [25], esophageal
squamous cell carcinoma [26] and glioblasto-
ma multiforme [27]. Hong Shen group finds
GOLPHS3 is upregulated in hormone-dependent
prostate cancer tissues and castration resis-
tant prostate cancer tissues, moderate/intense
GOLPH3 level is positively correlated with
androgen independence, higher Gleason score,
bone metastasis, higher baseline prostate-spe-
cific antigen (PSA) and higher PSA nadir.
Patients with moderate/intense GOLPH3 level
have poor disease-free survival and overall sur-
vival. GOLPH3 is also a worse prognosis factor
for prostate cancer patients [28]. Wenzhi Li et
al. find GOLPH3 is overexpressed in prostate
cancer cells, knockdown of GOLPH3 inhibits
cell proliferation by activating p21 expression
and suppressing CDK1/2 and Cyclin B1 expres-
sion and the phosphorylation of AKT and mTOR
[29]. We also determined whether miR-186
inhibits prostate cancer cell proliferation by
inhibiting GOLPH3, double knockdown of miR-
186 and GOLPH3 promoted cell proliferation
(data not shown).

In summary, we found miR-186 contributes to
the proliferation of prostate cancer through
directly target to GOLPH3.
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