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MicroRNA-335 and -543 suppress bone metastasis in prostate
cancer via targeting endothelial nitric oxide synthase
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Abstract. Skeletal metastasis is the major problem in the
management of prostate cancer (PCa). Even though the
regulatory role of microRNAs (miRNAs) in the control
of tumor metastases has been well described in numerous
types of cancer, the importance in bone metastasis of PCa
remains largely unknown. In the present study, the differ-
entially expressed miRNAs were identified between the
primary PCa and bone metastatic PCa samples by comparing
their expression profiling using miRNA microarray, and
4 miRNAs (miR-335, -543, -196 and -19a) were noted to be
significantly downregulated in bone metastasis compared
with primary PCa. Among those, the downregulation of
2 miRNAs (miR-335 and -543) was confirmed in a total of
20 paired primary PCa and bone metastasis samples using
reverse transcription-quantitative polymerase chain reaction.
Using the online target prediction tool, endothelial nitric oxide
synthase (eNOS) was found to be a shared target of miR-335
and -543, which was further verified using the luciferase assay.
By examining the expression pattern of eNOS in primary
PCa and skeletal metastatic samples, the mRNA and protein
expression levels of eNOS were markedly upregulated in the
metastatic samples. Furthermore, exogenous overexpression
of miR-335 and -543 significantly downregulated the expres-
sion level of eNOS, and substantially compromised the ability
of migration and invasion in vitro. These findings suggested
that miR-335 and -543 are associated with bone metastasis of
PCa and indicated that they may have important roles in the
bone metastasis, which may also be clinically used as novel
biomarkers in discriminating the different stages of human
PCa and predicting bone metastasis.

Introduction

Prostate cancer (PCa) is the most common malignancy
among men worldwide, and the natural course of the disease
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is characterized by high heterogeneity, varying from indolent
to highly aggressive cancer that spreads at an early stage of
the disease and causes pain and ultimately mortality (1).
Currently, the disease is stratified as low-, intermediate- and
high-risk based on the prostate-specific antigen (PSA) level,
Gleason score or clinical stage, whereas such stratification is
deemed insufficient to predict the clinical outcome of PCa,
which is largely determined by the presence of metastasis,
as even when grouped as high-risk, only 30% of the patients
develop metastases and succumb due to their disease (2-4).
The key problem in determining the clinical outcome of PCa
is its characteristic to metastasize to bone, which essentially
makes the disease incurable and leads to significant morbidity
prior to patient fatality (5,6). Therefore, it is of great clinical
significance to determine the molecular mechanism underlying
metastasis for the purpose of disease prevention, identification
of new therapeutic targets and development of anti-metastatic
therapies. Multiple steps, including cellular disengagement
and degradation of the surrounding extracellular matrix, are
believed to be involved in the formation of distant secondary
bone tumors, and the total processes are under the control of
multiple factors and molecular signaling pathways (7).

MicroRNAs (miRNAs or miRs) are short non-coding
RNA strands with an average length of 22 nucleotides (8).
Initially transcribed as RNA hairpins, miRNAs are processed
into mature miRs that regulate the expression of genes at the
post-transcriptional and the translational level by binding to
complementary messenger RNA (9). To date, ~1,000 human
miRs have been identified and each of the miRNAs may
target hundreds of genes (9), making it a complicated regula-
tory network of multiple molecular signaling pathways that
are important for the control of human cell behavior (10).
Increasing evidence indicates that miRNAs are significantly
involved in the regulation of the development, progression and
metastasis of a variety of types of cancer, as tumor suppressors
or oncogenes (oncomiRs) (11). In PCa, several miRNAs have
been reported as mediators of metastasis. The dysregulation of
miR-221 and miR-222 is responsible for PCa progression, poor
prognosis and the formation of metastasis (12). miR-21 was
also found to be overexpressed in PCa, functioning as a major
oncogenic regulator and contributing to tumor growth, inva-
siveness and metastasis (13,14). Another study demonstrated
that downregulation of miR-146a, as well as upregulation of
its target, ROCK1, promote cell proliferation, invasion and
metastasis in the PCa cells (15).
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To investigate the role of miRNAs in bone metastasis of
PCa, the miRNA expression profiles in primary and bone
metastatic PCa were first examined and compared, and identi-
fied that miR-335 and -543 is associated with bone metastasis.
Furthermore, miR-335 and -543 repressed migration and inva-
sion in vitro, via targeting endothelial nitric oxide synthase
(eNOS).

Materials and methods

Tissue samples. Tissue samples were collected from histo-
logically confirmed PCa patients that were divided into two
groups, primary PCa with (n=20) and without (n=15) bone
metastasis. Primary PCa tissue samples were collected from
all 35 enrolled patients (from prostatectomy or transurethral
resection in the treatment of local prostate carcinoma) and
skeletal metastatic tissue samples were collected from the
20 patients with PCa (from the surgical treatment of bone
metastasis). The histological diagnosis was made by at least
two experienced pathologists, and bone metastasis was diag-
nosed based on clinical symptoms and signs, as well as the
imaging tests, including bone scan, computed tomography and
magnetic resonance imaging. Those patients who had received
neoadjuvant hormone, radiation or chemotherapy prior to the
occurrence of tumor tissues were excluded from the study. The
clinical characteristics and demographic data of the subjects,
such as age, bone metastasis, total PSA level, free PSA level
and the Gleason score, are described in Table I. The study was
approved by the Institutional Ethical Board in the Zhongshan
Hospital of Dalian University (Dalian, Liaoning, Chian), and
written consent was obtained from each participant prior to
the start of the study.

RNA extraction. All the tissue samples were embedded
into paraffin blocks, cut into slices and placed in 1.5 ml
nuclease-free microcentrifuge tubes. Subsequently, the sliced
tissue samples were deparaffinized three times in 1 ml limo-
nene (Sigma-Aldrich, St. Louis, MO, USA), and washed with
1 ml 100% ethanol twice prior to air drying at room tempera-
ture. Samples were subsequently incubated with digestion
buffer (20 mM Tris-HCI, 10 mM EDTA and 1% SDS) and
proteinase K (Merck, Whitehouse Station, NJ, USA) at 55°C
overnight for the purpose of complete digestion. Subsequently,
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was used to
isolate the RNA following the manufacturer's instructions, and
isolated RNA samples were resuspended in RNase-free water.
Finally, RNA quality and quantity were evaluated using a
NanoDrop (NanoDrop Technologies, Wilmington, DE, USA)
and agarose electrophoresis.

Microarray analysis. The miRNA microarray chips were
purchased from CapitalBio (CapitalBio Corp. Beijing, China),
and each chip contained 924 probes in triplicate, corresponding
to 677 human, 461 mouse and 292 rat miRNAs described in
the miRNA registry (http://microrna.sanger.ac.uk; miRBase
release 10.0,2007). The microarray analysis was carried out as
described previously (16). The low-molecular-weight RNA was
isolated using the polyethylene glycol solution precipitation
method, and dephosphorylated by alkaline phosphatase (New
England Biolabs, Ipswich, MA, USA) prior to fluorescently
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Table I. Clinicopathological features of the prostate cancer
patients with or without bone metastasis recruited in the study.

PCa with bone PCa without
metastatsis bone metastatsis
Features (n=20) (n=15) P-value
Age, years 65.2+7.23 64.6+6.63 0.638
Pre-operative 48.246.25 50.5£7.51 0.359
PSA, ng/ml
Gleason score 0.991
<6 2 1
7 4 3
8 6 4
9 5 4
10 3 3

PCa, prostate cancer; PSA, prostate-specific antigen.

labeling and precipitation. Subsequently, the RNA was resus-
pended in 20 ml of hybridization buffer (36 SSC, 0.2% SDS
and 15% formamide), and the hybridization was performed
at 42°C overnight. The resultant chips were scanned with a
double-channel laser scanner (LuxScan 10K/A), and the data
was obtained from the TIFF images using LuxScan™ 3.0 soft-
ware (both from CapitalBio Corp.). Raw data were normalized
and analyzed using the significance analysis of microarrays
(SAM, version 2.1; Stanford University, CA, USA) software.

Cell culture. PC-3, a metastatic PCa cell line, was purchased
from American Type Culture Collection (Manassas, VA, USA)
and cultured in F-12 medium supplemented with 10% fetal
bovine serum (FBS) (both from Gibco, Eggenstein, Germany).
Cells were grown at a humidified atmosphere of 5% CO, at
37°C.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). RT-qPCR was used to confirm the expression
level of mRNAs. Reverse transcription was performed using a
superscript III first-strand synthesis system for an RT-PCR kit
(Invitrogen), and RT-qPCR was performed on a
Rotor-Gene 2000 Real-time Cycler detection system (Corbett
Research, Sydney, Australia) supplied with analytical soft-
ware, using an Express SYBR-GreenER qPCR Supermix
Universal kit (Invitrogen), according to the manufacturer's
instructions. U6 mRNA levels were used for normalization as
an endogenous reference. The relative expression levels of
miR-335, miR-543 and eNOS in the tissue samples were calcu-
lated using the 22T method. Primer sets for the RT-qPCR are
described as followed: miR-335 forward, 5'-TCAAGAGCA
ATAACGAAAAATGT-3' and reverse, 5'-GCTGTCAAC
GATACGCTACGT-3"; miR-543 forward, 5'-GTGCTCGGT
TTGTAGGCAGT-3' and reverse, 5'-GTGCCTTGTTTTGAT
GGCAG-3"; eNOS forward, 5-CCCTTCAGTGGCTGGTAC
AT-3" and reverse 5-CACGATGGTGACTTTGGCTA-3'; and
U6 forward, 5'-CGCTTCGGCAGCACATATAC-3' and
reverse, S"TTCACGAATTTGCGTGTCAT-3".
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Western blotting. To evaluate the expression level of eNOS in
the cell line with or without overexpressed miR-335 and -543,
cells were seeded in 100-mm tissue culture dishes. After 48 h,
cells were washed with pre-chilled phosphate-buffered saline
when the confluence reached 60-70%, prior to being harvested
in the lysis buffer [62.5 mmol/l Tris-HCI (pH 6.8), 2% SDS,
10% glycerol, and 5% 2-f-mercaptoethanol] (Sigma-Aldrich).
Equal amounts of lysates were loaded for SDS-polyacrylamide
electrophoresis, and the separated protein was transferred onto
a PVDF membrane (Millipore, Billerica, MA, USA), followed
by blocking in 5% non-fat milk for 1 h at room temperature, and
incubating with the eNOS (Cat. no. sc-376751, dilution: 1:1,000)
and (-actin (Cat.no. sc-47778, dilution: 1:10,000; both from Santa
Cruz Biotechnology, Inc., Dallas, TX, USA) primary antibodies
for 1.5 h. Membranes were washed three times (5 min each) in
Tris-buffered saline Tween 20 (TBS-T) buffer and incubated for
1 h at room temperature with horseradish peroxidase-conjugated
secondary antibodies (Cat. no. sc-51625, dilution: 1:10,000; Santa
Cruz Biotechnology, Inc.). Blots were washed three times (5 min
each) in TBS-T and the signal was detected using an ECL system
(Applygen, Beijing, China). 3-actin was used to normalize the
amount of each loading sample.

Scratchassay.The cell migration was determined by the scratch
assay. The cells were cultivated to 90% confluence on 12-well
plates and were transfected with the miR-335 and miR-543
mimics, and miR-335 inhibitors or control. Subsequently, cell
scrapers (Corning Inc., Corning, NY, USA) were utilized to
scratch the confluent cells 24 h post-transfection. The proce-
dures of cellular growth were subsequently observed. All the
experiments were repeated in triplicate.

Transwell migration. The Transwell migration chambers
were used to evaluate the PC-3 cell invasion. The cells were
first seeded at a density of 1x10° cells in serum-free media
on the upper chamber with the non-coated membrane (8 ym
pore size; Millipore, Zug, Switzerland). The lower chamber
contained F-12 medium with 20% FBS as a chemo-attractant.
The cells in the upper chamber were discarded using cotton
wool after 24 h and the migration cells in the lower chamber
were counted using a microscope (Olympus, Tokyo, Japan).
All the experiments were repeated in triplicate.

Luciferase assay. The full-length 3' untranslated region
(3'UTR) of eNOS was amplified by PCR from genomic DNA
and cloned into the pGL3-BS vector (Promega, Madison, W1,
USA). The mutant construct of eNOS 3'UTR was generated
using a QuickChange mutagenesis kit (Stratagene, Heidelberg,
Germany). Co-transfection of the reporter vectors and miRs,
mimics or controls was performed using Lipofectamine 2000
(Invitrogen). After 48 h, dual-luciferase activity was measured
using the Dual-Luciferase® reporter assay system (Promega)
according to the manufacturer's instructions.

Statistical analysis. Statistics were assessed using SPSS 20.0
(SPSS, Inc., Armonk, NY, USA). In the RT-qPCR and animal
experiments, data were compared by Student's t-test. The
association between downregulated miRNA expression and
clinicopathological features in primary PCa with or without
metastasis, and bone metastatic PCa was analyzed using the
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Spearman's rank correlation test. In the metastasis assay-based
experiments, the data were analyzed with one-way analysis
of variance. For understanding the association between
miRNAs, the significant correlations were determined using
the Kendall's rank correlation test. P<0.05 was considered to
indicate a statistically significant difference.

Results

Identification of differentially expressed miRNAs between
primary PCa and bone metastasis using microarray analysis.
To identify the differentially expressed miRNAs that could be
responsible for the bone metastasis in PCa, 8 pairs of primary
and metastatic tissues (from the same patient) were collected
and their expression profiles were compared using a microRNA
microarray. A significantly upregulated expression of 14 miRNAs
was revealed, as well as 4 downregulated miRNAs (miR-543,
-335, -196 and -19a) in bone metastasis compared with primary
PCa (Fig. 1G). By cluster analysis, no miRNA expression pattern
that was specific to the bone metastasis was identified. The
online miRNA database was searched for the potential target
genes that have been reported to be associated with metastasis
in the literature. Notably, eNOS was a potentially shared target
of miR-543 and miR-335, which were substantially downregu-
lated in the present miRNA microarray analysis, by searching
the online database www.targetscan.org (Fig. 1A and B). In
addition, the ‘seeds sequences’ were replaced with the mutants
in the 3'UTR of eNOS (Fig. 1C and D), and their interactions
were tested with the microRNAs, finding that overexpression of
miR-543 and miR-335 could significantly suppress the luciferase
activity of those carrying wild-type 3'UTR of eNOS; however,
no inhibitory effect was shown on the luciferase activity of those
carrying the corresponding mutant (Fig. 1E and F). The data of
the luciferase assay demonstrated that miR-543 and miR-335
could suppress the expression of eNOS by binding the specific
‘seed sequence’ in the 3'UTR of the gene.

Verification of the downregulation of miR-543 and miR-335
by RT-qPCR analysis in bone metastasis compared with
primary PCa. To confirm the microarray data, RT-qPCR
was conducted to evaluate the expression of the significantly
downregulated miRNAs (miR-543, -335, -196 and -19a) in
the independent samples of 20 primary PCa and their paired
bone metastasis samples. Among them, 20 samples were
paired samples of primary PCa and bone metastasis, including
the 8 paired samples that have been involved in the miRNA
microarray analysis. Subsequent to the quantification of the
individual miRNA level in each sample and normalization to
U6 expression, RT-qPCR data confirmed the downregulated
expression of miR-543, and miR-335 in the bone metastatic
tissues, respectively (Fig. 2A and B). The expression levels
of miR-543 and -335 were downregulated significantly in
metastasis samples versus primary PCa. Although the expres-
sion of miR-196 and -19a was significantly downregulated in
bone metastasis compared with in primary PCa samples in
the microarray analysis, there were no statistically significant
differences regarding the two miRs by RT-qPCR analysis
(data not shown). Thus, the data indicated that there was a
significant downregulation of miR-543 and -335 when PCa
tumors metastasized to bone. As miR-543 and -335 levels were
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Figure 1. Schematic comparison between (A) miR-335 and (B) miR-543 and the ‘seed sequence’ in the 3'UTR of eNOS. Introduction of mutations to the
(C) miR-335 and (D) miR-543 specific ‘seed sequence’ in the 3'UTR of eNOS. Luciferase activities in the (E) miR-335 and (F) miR-543 overexpressing
cells transfected with wild-type or mutant 3'UTR of eNOS. (G) Fold change between the primary prostate cancer versus bone metastatic samples. 3’UTR,
3’ untranslated region; eNOS, endothelial nitric oxide synthase; WT, wild-type; Mut, mutant.

downregulated in bone metastasis, we postulated that down-
regulation of miR-543 and -335 may also be associated with an
increased expression level of eNOS. Furthermore, the mRNA
and protein expression patterns of eNOS were determined in
the primary PCa and bone metastasis samples using RT-qPCR
and western blot analysis. The mRNA level of eNOS was
significantly upregulated in the bone metastasis compared
with primary PCa (Fig. 2D), and consistently, the protein
expression of eNOS was increased in the bone metastasis as
well (Fig. 2C).

Firstly, a retrospective comparison was performed between
the aforementioned 20 PCa patients with bone metastasis and
15 PCa patients without bone metastatis. The distribution of
age in those patients with and without bone metastases was
not significantly different. The expression of miR-335 and
-543 in 20 patients with bone metastases was significantly
lower than that in the 15 patients without bone metastases
(P=0.035 and P=0.028) (Fig. 3A and B). Secondly, the mRNA
and protein expression patterns of eNOS were determined in
the primary PCa with and without bone metastasis samples
using RT-qPCR and western blot analysis. The mRNA level
of eNOS was significantly upregulated in primary PCa

without bone metastasis compared with those with bone
metastasis (Fig. 3D), and consistently, the protein expression
of eNOS was increased in the PCa with bone metastasis
as well (Fig. 3C). Thirdly, whether the presence of bone
metastasis was associated with the total serum PSA levels or
Gleason scores was evaluated, and no significant difference
was identified (Table I). Finally, whether the expression levels
of miR-335 and -543 were correlated with total serum level
and Gleason score in primary PCa was assessed, and there was
no correlation between the expression of miR-335/-543 and
total PSA level or Gleason score was noted (data not shown).

Upregulation of miR-335 and -543 reduces the expression of
eNOS and its effect on the skeletal aggressiveness of PC-3
cells. To investigate the role of miR-335 and -543 in the
control of PCa metastasis, scramble controls, miR-335 and
-543 mimics were transfected into PC-3 cells, which are
characterized by bone metastasis. Fold changes in the relative
expression of miR-335 and -543 transfected PC-3 cell lines
were much higher than that in the cells transfected with the
control (Fig. 4A and B). Transfection of miR-335 and -543
mimics could significantly suppress mRNA and protein
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western blot results; lower, densitometry analysis) and (D) mRNA expression level of eNOS. PCa, prostate cancer; eNOS, endothelial nitric oxide synthase.

expression levels of eNOS in PC-3 cells (Fig. 4C and D).
Migration and invasion assays were performed in vitro.
Notably, cell migration was observed by the wound healing
assay and it was much slower when PC-3 cells were transfected
with miR-335 and -543 compared to the PC-3 cells transfected
with the control (Fig. 5). The invasive property of PC-3 cells
was examined by the Transwell-Matrigel penetration assay,
which depicted that much fewer cells penetrated through the
gel-membrane section when PC-3 cells were transfected with
miR-335 and -543 compared to PC-3 cells transfected with
the control (Fig. 6). The invasive property of PC-3 cells was
significantly inhibited by miR-335 and -543, and was more
evidently inhibited by miR-335.

Downregulation of miR-335 by introduction of its inhibitors
promotes the expression of eNOS and its effect on the skeletal
aggressiveness of PC-3 cells. To further explore the role of
miR-335 and -543 in the control of PCa metastasis, scramble
controls, miR-335 and -543 inhibitors were transfected into
PC-3 cells. Fold changes in the relative expression of miR-335
transfected PC-3 cell lines were much lower than that of
the cells transfected with the control, whereas the endog-
enous expression level of miR-543 was too low to be further
lowered (Fig. 7). Transfection of the miR-335 inhibitors could
significantly promote mRNA and protein expression levels of

eNOS in PC-3 cells (Fig. 7). Migration and invasion assays
were performed in vitro. Cell migration was observed by the
wound healing assay and it was much slower when the PC-3
cells were transfected with miR-335 and -543 compared to the
PC-3 cells transfected with the control, in a time-dependent
manner (Fig. 5).

Discussion

In the present study, the expression levels of miR-335 and -543
were identified to be downregulated in skeletal metastatic
PCa tumors compared with the primary tumors. Primary PCa
patients without metastasis had significantly higher expression
levels of miR-335 and -543 compared to the patients with bone
metastasis. The upregulation of miR-335 and -543 reduced the
aggressiveness of PC-3 cells, and suppressed the expression of
eNOS. These results suggest that miR-335 and -543 may have a
significant role in the control of bone metastasis of PCa.
miRNAs have been repeatedly reported to be involved in
the regulation of cancer metastasis and invasiveness. Among
those, miR-335 has been identified as a potent suppressor
of tumor cell migration and invasion in multiple forms of
cancer. For example, in breast cancer cells, upregulation
of miR-335 significantly decreased the invasive ability in a
Boyden chamber assay and ectopic overexpression of the same
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Figure 5. Migratory capability of PC-3 transfected with (A) the negative control (upper, O h; lower, 24 h), (B) miR-335 inhibitors (upper, O h; lower, 24 h),
(C) miR-543 mimics (upper, 0 h; lower, 24 h) and (D) miR-335 mimics (upper, O h; lower, 24 h).
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Figure 6. Invasive ability of PC-3 cells transfected with negative control,
miR-543 mimics, miR-335 mimics and miR-335 inhibitors.

miR also reduced the formation of metastasis in lung (17).
Xu et al (18) reported that miR-335 may act as a potent metas-
tasis suppressor in gastric cancer cells via directly targeting
SP1 and indirectly modulating the Bcl-w-induced activation
of the phosphoinositide 3-kinase-Akt-Spl signaling pathway,
showing evidently altered expression of miR-335 at different
stages of gastric cancer and suggesting that the miR could be
a therapeutic target and prognostic factor for gastric cancer.
Using an RT-qPCR assay, miR-335 was reported to be down-
regulated in breast cancer tissues and sera (19). Similarly, the
low expression of miR-335 was significantly associated with
adrenocortical carcinomas and acute myeloid leukemia (20,21).
Sorrentino et al (22) demonstrated that downregulation of
miR-335 may be responsible for the development of chemo-
resistance in ovarian cancer cells. miR-335 has also been
shown to indirectly regulate the myosin-driven motor activity
of the cytoskeleton through modulating the expression levels
of ROCK1, MAPKI1 and LRGI1 (23). Subsequently, the same
research group extended this by showing that miR-335 can
directly regulate actin filament assembly and disassembly by
targeting the Formin family of actin nucleators. Even though
the majority of research data in the literature favors the tumor
suppressive or anti-metastatic role of miR-335, overexpression
of miR-335 may also have an important role in the pathogen-
esis of numerous types of cancer, including colonic cancer,
pediatric acute leukemia and multiple myeloma (24,25,19), and
such discrepancy could be attributed to the tissue specificity or
ethnic diversity.
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Figure 7. (A) Expression level of miR-335 in PC-3 cells transfected with
miR-335 inhibitors. (B) Expression level of miR-543 in PC-3 cells transfected
with miR-543 inhibitors. miR-335 inhibitors increased the (C) protein and
(D) mRNA expression levels of eNOS. eNOS, endothelial nitric oxide synthase.

To the best of our knowledge, there is only one study in the
literature regarding the regulatory role of miR-543 in malignant
cells, where exogenous expression of miR-543 in aggressive
endometrial cancer cell lines was found to impair tumor cell
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migration and invasion, endogenous miR-543 expression is
substantially decreased in malignant versus normal endome-
trium tissue, and the levels of miR-543 inversely correlated
with mRNA levels of Focal adhesion kinase (FAK) and Twist
homolog 1 (TWIST1), suggesting that FAK and TWIST1 may
be effectors mediating the inhibitory effect of miR-543 on the
migratory ability of tumor cells (26).

In the present study, 4 significantly downregulated
miRNAs were identified in bone metastatic PCa samples
using microarray analysis, and the downregulation of 2 among
these was confirmed in an expanded pool of samples using
RT-qPCR, showing that the expression of miR-335 and -543
were lower in bone metastasis samples compared to primary
PCa samples. Furthermore, the expression of miR-335 and -543
were further upregulated in the sample tissues collected from
the primary PCa without bone metastasis compared with the
aforementioned primary PCa with bone metastasis, exhibiting
the distinct expression patterns of miR-335 and miR-543 in
the different types of tumor tissues: PCa without bone metas-
tasis > PCa with bone metastasis > bone metastatic tissues.

Currently, the literature presents contradictory findings
regarding the role of nitric oxide (NO) production in the control
of cancer cell behavior. Certain studies have showed that elevated
NO could facilitate vascularization in tumor cells by promoting
angiogenesis, which is believed to be an important step in the
formation of metastasis. It also could enhance mutagenesis
through interacting with other free radicals to form cytotoxic
compounds, such as peroxynitrite, leading to DNA damage (27).
Simultaneously, the upregulation of NO that damages DNA may
promote the growth of tumors via activating oncogenes and/or
inhibiting tumor suppressor genes (28). By contrast, it was also
reported that NOS activity was negatively correlated with tumor
progression, which could be attributed to the ability of NO to
protect cells from DNA damage by enhancing the activity of
DNA-dependent protein-kinase catalytic subunit (DNA-PKcs),
destroying tumor cells and stimulating apoptosis (29-31). Such
discrepancy in the literature could be largely explained by the
differential sensitivity of tumor cells to NO-mediated cyto-
stasis or apoptosis, and clonal accumulation of NO-resistant
or NO-dependent cells in different types of cancer (32). It was
also reported that eNOS, mapped to 7q35-7q36 in the human
chromosome, may have an important role in the progression of
PCa (33), and this is in line with the present results that exog-
enous overexpression of miR-335 and -543 could synergistically
downregulate eNOS in prostate cancer cells, and suppress the
migratory capability, as well as the invasive ability, of the cancer
cells by suppressing the gene.

In conclusion, the present findings suggest that miR-335
and -543 may have significant roles in the bone metastasis
of PCa and may be involved in the regulation of the migra-
tory capability or invasive ability of the tumor cells. These
two miRs may also be clinically used as novel biomarkers in
discriminating different stages of human PCa and predicting
the possibility of metastasis or even as therapeutic targets in
bone metastasis of PCa.
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