Int J Clin Exp Med 2015;8(9):15246-15253
www.ijcem.com /ISSN:1940-5901/1JCEM0012979

Original Article
MiR-592 represses FOX03 expression and promotes
the proliferation of prostate cancer cells

Zhonghua Lv*", Pinlang Rao?*, Wenlin Li®

1Department of Urology, Shandong Jining First People’s Hospital, Jining 272029, Shandong Province, People’s
Republic of China; 2Department of Urology, The Second Hospital of Jiangxi Province Nanchang City, Nanchang
333000, Jiang Xi Province, People’s Republic of China; *Department of Urology, Shandong Rizhao City Hospital of
Traditional Chinese Medicine, Rizhao 276800, Shandong Province, People’s Republic of China. *Co-first authors.

Received July 16, 2015; Accepted September 1, 2015; Epub September 15, 2015; Published September 30,
2015

Abstract: Prostate cancer (PC) is a serious health problem all over the world. Cell proliferation plays a major role in
the tumorigenesis of PC. It is reported that microRNAs (miRNAs) played crucial roles in the regulation of cell prolif-
eration. However, the underlying mechanism of miRNAs in PC has not been intensively investigated. In the present
study, the effect of miR-592 on the cell proliferation of PC was investigated. The results showed that miR-592 was
significantly upregulated in PC cell and PC tissues. To investigate the biological roles of miR-592, we induced either
the up- or downregulation of miR-592 expression by transfecting DU145 PC cells with miR-592 mimics or miR-592
inhibitor. Our results demonstrated that the upregulation of miR-592promoted cell growth, while miR-592 inhibitor
showed the opposite effect. Further experiment revealed that miR-592 repressed the expression of FOXO3 by di-
rectly targeting the 3'UTR of the FOXO3 transcript, which resulted in upregulating of the expression of cyclin D1 and
downregulating of the expression of p21. In sum, our data indicated a novel aspect of the miR-592 in the molecular

etiology of PC.
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Introduction

Prostate cancer (PC) is one of the most preva-
lent types of malignant disease and the second
leading cause of cancer-related deaths among
men [1]. In recent years, the incidence of PC is
increasing while the overall fiver-year survival
rate is decreasing [2]. Thus, it is essential to
understand the mechanism of PC development
for finding better treatment.

A growing body of evidence indicated that
microRNAs (miRNAs) were non-coding RNA
molecules (21-23 nucleotides in length), con-
tributed to cell proliferation, metastasis, inva-
sion, angiogenesis and apoptosis of various
types of cancers [3-7]. Aberrant expression of
miRNAs functioned as either tumor suppres-
sors or oncogenes by regulating targeted gene
expression at the transcriptional or posttran-
scriptional level [8-10]. For example, miR-490-
5p was markedly down-regulated and acted as
a tumor suppressor in human bladder cancer

[11]. Finding by Fang Y et al. indicated that MiR-
744 functioned as a proto-oncogene in naso-
pharyngeal carcinoma progression and metas-
tasis via transcriptional control of ARHGAP5
[12]. In the current study, we investigated the
biological effects and the potential mecha-
nisms of miR-592 on cell proliferation in PC
and identified miR-592 as a tumor promoter to
induce cell proliferation of PC cells by targeting
FOX03.

Materials and methods
Clinical specimens

Eight human PC clinical tissues and their
matched adjacent normal tissues (ANT) were
obtained from PC patients at Department of
Urology, the second hospital of Jiangxi province
Nanchang City (Jiangxi, People’s Republic of
China). The study was approved by the ethics
committee of the second hospital of Jiangxi
province Nanchang City (Jiangxi, People’s
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Republic of China). All patients gave informed
consent in written. Tissue samples were
snapped into liquid nitrogen and then stored
at -80°C.

Cell culture

Human PC cell lines (M12, Tsu-Pr1, PC3,
DU145, 22RV1 and LNCAP) and a non-malig-
nant epithelial prostate cell line (RWPE-1 as N)
were purchased from the Shanghai Bioleaf
Biotech Co., Ltd (Shanghai, People’s Republic
of China). All Prostate cancer cell lines were
grown in DulbeccoE-1 as N) were purchased
from the Shanghai Bioleaf3.Il proliferation in
bovine serum (FBS, Sigma-Aldrich, USA), 100
units/ml of penicillin-streptomycin (Invitrogen,
Carlsbad, CA), and RWPE-1 cells (as control)
were maintained in keratinocyte serum-free
medium (KSFM; GIBCO Laboratories, Grand
Island, NY, USA) supplemented with 0.05 mg/
ml bovine pituitary extract, 5% L-glutamine and
5 mg/ml EGF. Cells were cultured at 37°C in a
humidified atmosphere containing 5% CO,,.

Plasmids, small interfering RNA and transfec-
tion

The miR-592 mimics, miR-592 inhibitor and the
relative negative controls were purchased from
Shanghai GenePharma (Shanghai, Peopleai,
Peopleinhibitor and the relative negative con-
trols werLipofectamine 2000 reagent (Invi-
trogen) as recommended by the manufacturer.
Four ug of plasmids were transfected to the
cells with Lipofectamine 2000 (Invitrogen,
Carlsbad, CA) as recommended by the manu-
facturer’s protocol.

For depletion of FOX03, small interfering RNA-
FOXO3 (siRNA-FOX03#1, HSH005759; siRNA-
FOX03#2, HSH061727) was synthesized and
purified by GeneCopoeia Co. (Guangzhou,
People Carlsbad, CA) as recommended by the
manufactureleai, Peopleinhibitor and the re
2000 (Invitrogen, Carlsbad, CA) as recommend-
ed by the manufacturer’s protocol.

RNA extraction and real-time quantitative PCR

Total RNA was extracted from culture cells and
patient samples using Trizol reagent (Invitrogen)
according to the manufacturer’s protocol. The
PCR assay was performed using the SYBR
Premix Ex Taq system (TaKaRa, Madison, WI,
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USA) according to the manufacturer’s instruc-
tions. The relative miR-592 expression levels
after normalization to U6 small nuclear RNA
were calculated using 2/(CtofmiR-592)-(Ctofuo,

For analysis of protein coding genes, real-time
PCR was performed using the Applied Bio-
systems 7500 Sequence Detection system.
The following PCR primers were synthesized
by GeneCopoeia™ as followed: Cyclin D1 (HQ-
P016204) and p21 (HQPO0O0331). Expression
data were normalized to the geometric mean of
GAPDH (HQP064347) to control the variability

in expression levels and calculated as 2t of
CyclinD1 and p21)-(Ct of GAPDH)].

MTT assays and colony formation

For the cell proliferation assay, 5000 DU145
cells were seeded in triplicate in 96-well plates
for each transfection group: miR-592, miR-592-
in and the relative control mimics, and incubat-
ed under conditions of 37°C at 5% CO,,. After 1,
2, 3,4 and 5 day, 20 uL of MTT solution (5 mg/
mL, Sigma-Aldrich, USA) was added to each
well. The generated formazan was dissolved in
DMSO, and the absorbance was recorded.

For the colony formation assay, 500 cells were
plated into 6-cm plates and after 14 days, the
cells were washed with phosphate-buffered
saline (PBS), and stained with 0.1% crystal vio-
let (Sigma-Aldrich) for 1 min after fixed with fro-
zen methanol. The number of positive-staining
colonies was counted.

Anchorage-independent growth assay

Cells were trypsinized, and 1000 cells were
resuspended in 2 ml complete medium plus
0.3% agar (Sigma-Aldrich). The agar-cell mix-
ture was plated on top of a bottom layer con-
sisting of 1% agar in complete medium. Cells
were incubated for two weeks at 37°C until
colony formation and then stained with 1%
Crystal Violet for counting under microscope
and cell colonies were photographed at an orig-
inal magnification of 100x. Only cell colonies
containing more than 50 cells were counted.

Luciferase assays
The pGL3-luciferase reporter gene plasmids

pGL3-FOX03-3-UTR were co-transfected into
the cells with miR-592, miR-592-in or miR-592-
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Figure 1. Expression of miR-592 in human Prostate cancer (PC) cell lines and tissues. A: Real-time PCR analysis of
miR-592 expression in human non-malignant epithelial prostate cell line (RWPE-1 as N) and PC cell lines, including
M12, Tsu-Prl, PC3, DU145, 22RV1 and LNCAP. B: Relative miR-592 expression levels in 8 paired primary OS tissues
(T) and the tumor adjacent normal tissues (ANT) from the same patient were detected by PCR analysis. Each bar
represents the mean of three independent experiments. *P < 0.05.
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Figure 2. miR-592 upregulation promoted PC cell proliferation. A: Validation of miR-592 expression levels after
transfection by PCR analysis. B: MTT assays revealed that inhibition of miR-592 promoted growth of DU145 PC cell
line. C: Representative quantification of crystal violet-stained cell colonies. D: Upregulation of miR-592 promoted
the anchorage-independent growth of DU145 cells. Representative micrographs (left) and quantification of colonies
that were > 0.1 mm (right). Each bar represents the mean of three independent experiments. *P < 0.05.

mut using Lipofectamine 2000 Reagent Western blotting

(Invitrogen). Firefly and renilla luciferase activi-

ties were measured using the Dual-Luciferase Cell after transfection and the protein were
Reporter Kit (Promega) according to the manu- lysed, the equivalent aliquots (30 ug) of pro-
facturer’s instructions were assayed 48 hours teins were electrophoresed on a 10% SDS-
after transfection. PAGE and transferred onto nitrocellulose mem-
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Figure 3. Inhibition of miR-592 inhibited PC cell proliferation. A: Validation of miR-592 expression levels after trans-
fection by PCR analysis. B: MTT assays revealed that upregulation of miR-592 inhibited growth of DU145 PC cell
line. C: Representative quantification of crystal violet-stained cell colonies. D: Inhibition of miR-592 inhibited the
anchorage-independent growth of DU145 cells. Representative micrographs (left) and quantification of colonies
that were > 0.1 mm (right). Each bar represents the mean of three independent experiments. "P < 0.05.

branes. The membrane was incubated over-
night at 4°C with anti-FOXO3, anti-Cyclin D1
and anti-p27 (1:1000; Cell Signaling Tech-
nology) and anti-a-tubulin antibody (Sigma-
Aldrich-Aldrich) acted as the control sample
loading and followed by secondary anti-rabbit
or anti-mouse. Protein expression was assess-
ed by chemiluminescence (Beyotime Institute
of Biotechnology, China).

Statistical analysis

Statistical analysis was performed using the
SPSS 17.0 (SPSS Inc, Chicago, IL, USA).
Statistical analyses were done by analysis of
variance (ANOVA) or Student’s t test. Statistical
significance was defined as a value of P < 0.05.

Result

MiR-592 expression was upregulated in PC
cell lines and PC tissues

Real-time PCR analysis revealed that miR-592
expression was markedly upregulated in all 6
tested PC cell lines (M12, Tsu-Pr1, PC3, DU145,
22RV1 and LNCAP) compared to the non-malig-
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nant epithelial RWPE-1 prostate cell line (Figure
1A) The expression levels of miR-592 were fur-
ther determined in human PC clinical tissues.
As shown in Figure 1B, in comparison with the
matched adjacent normal tissues (ANT), PC
clinical tissues showed significantly higher miR-
592 expression.

MiR-592 promoted PC cell proliferation, miR-
592-in inhibited PC cell proliferation

To gain insight into the functional role of miR-
592 in PC cell growth, we transfected with miR-
592, miR-592-in and the respective controls
into DU145 cells, the result of PCR indicated
that both of them showed great transfection
efficiency (Figures 2A and 3A). MTT assay and
colony formation assays showed miR-592
could increase cell growth compared with the
control miRNA (Figure 2B and 2C). Consistent
with the effects on cell proliferation, miR-529
markedly increased the anchorage-indepen-
dent growth of DU145 cells in soft agar com-
pared with the negative control (Figure 2D).
Moreover, using the MTT and colony formation
assays, compared to NC transfected cells, we
discovered that miR-592-in reduced the growth

IntJ Clin Exp Med 2015;8(9):15246-15253
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Figure 4. miR-592 suppresses FOXO3 expression by directly targeting the FOXO3 3’-UTR and altered levels of pro-
teins related to cell proliferation. A: Predicted miR-592 target sequence in the 3’-UTR of FOXO3 (FOX03-3'-UTR) and
positions of three mutated nucleotides (red) in the 3’-UTR of miR-592 (miR-592-mut). B: Western blotting analysis of
FOXO03 expression in DU145 cells transfected with miR-592 or the miR-592 inhibitor. a-Tubulin served as the load-
ing control. C: Luciferase reporter assay of the indicated cells transfected with the pGL3-FOX03-3’-UTR reporter and
miR-592 or miR-592-in or miR-592 with oligonucleotides. D: Real-time PCR analysis of expression of p21 and Cyclin
D1 inindicated DU145 cells. E: Western blotting analysis of expression of p21 and Cyclin D1 protein in DU145 cells.

o-Tubulin served as the loading control. *P < 0.05.

of DU145 PC cells (Figure 3B and 3C).
Additionally, miR-592-in also significantly
reduced the anchorage-independent growth
ability of DU145 PC cells (Figure 3D).

MiR-592 directly targets FOXO3 by binding to
its 3-UTR and altered levels of proteins related
to cell proliferation in PC

Using publicly available algorithm TargetScan,
we identified FOXO3 as a potential target of
miR-592 (Figure 4A). To determine whether
miR-592 affects FOXO3 expression, we trans-
fected miR-592 mimics, miR-592-in or the
respective controls into DU145 cells. Western
blotting analysis showed that compared to the
relative control groups, FOXO3 expression was
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down-regulated in miR-592 groups in DU145
cells, while the protein expression of FOX03
was up-regulated in miR-592-in group in DU145
cells (Figure 4B). To verify the effect of miR-
592 on the inhibition of FOX03 expression, we
examined whether FOXO03 is regulated by miR-
592 through direct binding to its 3’'UTR. We co-
transfected with 3 UTR of FOXO3 and miR-
592, miR-592-in, miR-592-mut or the relative
controls. Results of luciferase activity assays
revealed that miR-592 significantly suppressed
the luciferase activity of reporter genes con-
taining wild-type FOXO3 3’-UTR, while miR-592
showed the opposite effect. Meanwhile, miR-
592-mut had no effect on the luciferase activity
of FOXO3 3’-UTR, demonstrating that miR-592-
mut could not combine to the FOXO3 3’-UTR

Int J Clin Exp Med 2015;8(9):15246-15253
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Figure 5. FOXO3 downregulation counteracted the proliferation arrest by miR-592-in. A: Western blot analysis veri-
fied that silencing FOXO3 effectively decreased the expression of FOXO3 in miR-592-in-transfected DU145 cells.
B: miR-592-in-transfected DU145 cells after transfection with FOXO3-siRNAs promoted cell colonies formation. C:
miR-592-in-transfected DU145 cells after transfection with FOXO3-siRNAs promoted the anchorage-independent
growth. Representative quantification of colonies that were > 0.1 mm. Each bar represents the mean of three inde-

pendent experiments. "P < 0.05.

(Figure 4C). These results indicated that miR-
592 directly targeted FOXO3 in PC cells.

As miR-592 promoted cell proliferation of
DU145 PC cells, we explored the effect of miR-
592 on FOX03’s down-stream protein p21 and
cyclin D1 [13, 14], which regulate the cell prolif-
eration. Using Western blotting, we observed
that p21 expression was down-regulated, while
cyclin D1 was up-regulated by miR-592, further
confirming that miR-592 can influence the
proliferation of DU145 PC cells (Figure 4E).

FOX03 downregulation counteracted the prolif-
eration arrest by miR-592-in

To further confirm the role of FOX03 in DU145
PC cell proliferation, as showed in Figure 5A,
we observed that FOXO3 was upregulated in
DU145 PC cells after transfected with miR-
592-in, but FOX03-siRNA effectively decreased
the expression of FOX03 in miR-592-in-trans-
fected DU145 PC cells. Furthermore, further
experiment (colony formation and anchorage-
independent growth assays) showed knock-
down of FOXO3 significantly counteracted the
proliferation arrest by miR-592-in (Figure 5B
and 5C).

Discussion

Lots of reports indicated that miRNAs were
important regulators involved in tumor forma-
tion and progression [15-18]. Accumulating evi-
dence has demonstrated that miRNAs acted
as either tumor oncogenes or as tumor sup-
pressors [19-21]. Previously, miR-592 was

15251

markedly down-regulated in colorectal cancer
tissues and cancer cell lines, and overexpres-
sion of miR-592 reduced cell proliferation of
colorectal cancer cells by directly targeting
CCND3 [22]. Furthermore, finding by Liu M. et
al indicated that miR-592 functioned as a no-
vel carcinogen-initiated and metastasis-related
biomarker in colorectal cancer [23]. In this
present study, the key finding was that miR-592
was upregulated in PC cell lines and PC tissues,
compared with the non-malignant epithelial
RWPE-1 prostate cells and the tumor adjacent
normal tissues. Furthermore, overexpression
of miR-592 increased cell proliferation and
anchorage-independent growth of DU145 PC
cells, while miR-592-in showed the opposite
effect, indicating that alterations of miR-592
could be involved in PC progression.

Then, we found that miR-592 acted as a tumor
promoter gene by targeting FOX03, which was a
member of the forkhead transcriptional factor
family, was involved in cell growth, proliferation,
and development of cancer [24, 25]. This is the
first study to show that the FOXO3 is negatively
regulated by miR-592 through a specific target
site within the 3’-UTR. The down regulation of
FOXO3 further affected its down-stream pro-
tein p21 and cyclin D1 [13, 14], our data sug-
gested that miR-592 promoted cell prolifera-
tion of DU145 PC cells by down-regulating p21
expression and up-regulating cyclin D1 expres-
sion. Further experiment showed that knock-
down of FOXO3 caused the down regulation of
FOXO3 in miR-592-in transfected DU145 PC
cells, which is much lower than that in scram-

Int J Clin Exp Med 2015;8(9):15246-15253
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ble. This might due to that the knockdown of
FOXO3 reversed the protein level miR-592 pro-
moted. More importantly, result of colony
formation and anchorage-independent growth
assays revealed that the downregulated FOX-
03 regulated the cell proliferation of DU145 PC
cells. Collectively, our findings suggested that
miR-592 promoted the initiation and progres-
sion of PC by regulating FOX0O3 expression.

In conclusion, the current study suggested that
the miR-592 is frequently up-regulated in PC,
which acted as an onco-miRNA in PC cells, and
overexpression of miR-592 promoted PC cell
proliferation by directly targeting FOX03. These
findings collectively implicated that miR-592
might serve as an important molecular bio-
marker for the PC patients.
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