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Abstract MicroRNA-335 (miR-335) acts as a tumor sup-
pressor or a tumor promoter in different human malignan-
cies. However, the involvement of miR-335 in prostate
cancer (PCa) is still unclear. The purpose of this study was
to investigate the functional and clinical significance of
miR-335 in PCa. miR-335 expression in 3 PCa cell lines
(LNCaP/DU145/PC3) and in 20 clinical PCa tissues were
detected by real-time quantitative reverse transcriptase-PCR
compared with corresponding controls. The function of
miR-335 was investigated for cell proliferation, invasion
and migration in PCa cells transfected with agents
containing EGFP-miR-335 expression vector. Additionally,
miR-335 expression in 104 clinical PCa tissues was detected
by in situ hybridization. Its assocaitions with clinicopatho-
logical features and prognosis in patients with PCa were also
determined. miR-335 was significantly down-regulated in
PCa cell lines than in the normal prostate cell line (P<0.01).
With the similar results in vitro, the reduced expression of
miR-335 was also found in human PCa tissues comparing

with paired adjacent benign prostate tissues (P<0.05).
Moreover, the increased expression of miR-335 suppressed
cell proliferation, invasion and migration of PCa cell lines in
vitro. Turning to its clinical significance, the low expression
of miR-335 was significantly associated with high Gleason
Score (P=0.04), advanced clinical stage (P=0.04), and pos-
itive metastasis (P=0.02), but not with prognosis in PCa
patients. Our data demonstrated for the first time the inhib-
itory effect of miR-335 on cell proliferation and invasion for
PCa cells. The loss of this microRNA might be associated
with clinical progression of PCa patients.
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Introduction

Our research group is devoted to the study of molecular
mechanisms of prostate cancer (PCa), which represents one
of the most prevalent malignancies in men and the second
leading cause of male cancer-related death in European and
Western countries [1]. PCa is so highly variable that current
diagnostic and prognostic indicators have led to failure to
diagnose it correctly and determine its outcome. For exam-
ple, Gleason score is frequently underestimated and serum
prostate specific antigen (PSA) levels can be increased in
other diseases, such as benign prostatic hyperplasia (BPH)
and prostatitis [2, 3]. Carcinogenesis and the mechanisms
influencing the progression and prognosis of PCa is a
multistep process, involving a number of genetic changes
and a series of molecular events. Understanding the carci-
nogenic process and its corresponding molecular basis for
PCa may provide a useful insight that aid in the enhance-
ment of diagnostic efficiency, the establishment of effective
therapeutic strategies, and the improvement of patients’
survival.
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MicroRNAs (miRNAs) are small, evolutionary con-
served, noncoding RNAs that regulate a variety of gene
expression post-transcriptionally by silencing with specific
target genes [4]. MiRNAs have been found to function as
regulators of diverse cellular processes, such as cell prolif-
eration, differentiation, cell cycle regulation, and apoptosis.
It has been found the dysregulation of numerous miRNAs in
the initiation and progression of various cancers, which
allows miRNAs to be potentially used for cancer diagnosis
and as therapeutic targets. MiRNAs expression has the
specificity of the time and space, that is, miRNAs has
different profiles in cells of different stages or different cells
of same stages [5]. Meantime, miRNAs reflect directly of
signal regulations not only in its kinds but also its abun-
dance. Recent studies have demonstrated that miRNAs
function as tumor suppressors or oncogenes in several tu-
mors. Similar with other malignancies, PCa owns specific
miRNA profile. In 2007, Porkka KP et al. [6] firstly dem-
onstrated that 37 miRNAs were down-regulated and 14 up-
regulated in PCa compared to BPH tissues detected using an
oligonucleotide array hybridization method. In 2011, our
research group detected miRNA profile in PCa tissues by
miRNA microarray analysis, and data are available at the
Gene Expression Omnibus (GEO) repository database
[http://www.ncbi.nlm.nih.gov/geo/, accession number
GSE34932]. As the results of miRNA differential expres-
sion analysis, we found 11 up-regulated and 17 down-
regulated miRNAs in PCa. Among these, miR-335 is one
of the down-regulation miRNAs in PCa (Table 1).

MiR-335 is transcribed from the genomic region chro-
mosome 7q32.2 [7] and plays a role in various fields. For
example, the up-regulation of miR-335 in liver and white
adipose tissue might contribute to the pathophysiology of
obesity [8]; Tavazoie et al. [9] found that the overexpression
of miR-335 was associated with an inhibition of metastatic
cell invasion in breast cancer cell lines; In clinical breast
cancer tissues, Wang et al. [10] detected the decreased
expression of miR-335, which was closely associated
with clinicopathologic features of breast cancer, such as
histological tumor grades and sex hormone receptor expres-
sion; Sorrentino et al. [11] found that miR-335 was
downregulated in drug-resistant ovarian cancer cell lines,
suggesting its involvement in chemoresistance; but in astro-
cytoma cells, Shu et al. [12] found that miR-335 targeted a
potential tumor suppressor Daam1 and promoted several
malignant features such as growth and invasion, whereas
miR-335 inhibition could potently induce growth arrest,
apoptosis and invasion repression both in vitro and in vivo.
These findings suggest miR-335 acts as an oncogenic or a
tumor suppressor depending on the specific cancer types.
The aim of this study was to investigate the functional and
clinical significance of miR-335 in PCa, which is still miss-
ing and perplexing.

Materials and Methods

Cell Culture

Human prostate carcinoma cell lines, LNCaP, DU145 and
PC-3 and a non-malignant epithelial prostate cell line,
RWPE-1 were purchased from the American Type Culture
Collection (Manassas, VA, USA) and were cultured in
RPMI 1640 medium (#SH30027.01, Hyclone, Logan,USA)
supplemented with 10 % fetal bovine serum (#10438-026,
GIBCO, NY, USA), 2 mML-glutamine and antibiotics. All
cell lines were maintained at 37 °C in a humidified chamber
supplemented with 5 % CO2.

Patients and Tissue Samples

The study was approved by the Research Ethics Committee
of Guangzhou First Municipal People’s Hospital Affiliated
Guangzhou Medical College, China. Informed consent was
obtained from all of the patients. All specimens were han-
dled and made anonymous according to the ethical and legal
standards.

For quantitative real-time reverse transcriptase PCR
(qRT-PCR) analysis, frozen samples of prostate primary
tumor tissues and adjacent benign prostate tissues were
collected from the tissue bank at Guangzhou Medical Col-
lege. Before RNA extraction, the frozen sections are

Table 1 Down-regulated miRNA list in prostate cancer tissues relative
to pair-matched adjacent benign prostate tissues by miRNA microarray
analysis

MiRNAs Fold_change p-value

hsa-miR-193a-5p 4.31 <0.001

hsa-miR-205 58.96 0.01

hsa-miR-224 3.32 0.01

hsa-miR-374b 2.11 0.01

hsa-miR-455-3p 4.39 0.01

hsa-miR-200b 3.44 0.01

hsa-miR-335 3.36 0.01

hsa-miR-26b 1.93 0.02

hsa-miR-30c 2.09 0.02

hsa-miR-155 4.83 0.02

hsa-miR-181d 1.70 0.03

hsa-miR-23b 2.70 0.03

hsa-miR-221 5.15 0.04

hsa-miR-222 3.94 0.04

hsa-miR-505 2.72 0.04

hsa-miR-374a 1.61 0.04

hsa-miR-221* 3.50 0.05
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confirmed by staining with hematoxylin and eosin for
pathological analysis. If the tissue on slice is full of
tumor, then the rest uncut section was choose to direct
RNA extraction. If the tissue on slice is benign then the
rest uncut section was used for laser capture microdis-
section (LCM) [13].

For miRNA in situ hybridization detection, frozen
tissues were got from company (Jieqing, China), includ-
ing with the detail clinical infromation. These data is
from Caucasian, and African-American race patients.
Frozen tissues include 104 PCa tissues (aging 45~
86 years, mean ± SD=58.55±7.51 years, TNM staging
from I to III) and 20 paired adjecent benign prostate
tissues. The detail information on the clinical features
of all patients in this study was shown in Table 2.

All of the tissues for RNA extraction were obtained
immediately during the operation of transurethral resection
prostate and suprapubic prostatectomy. None of the patients
recruited in this study had chemotherapy or radiotherapy
before the surgery. The pathological diagnosis was
performed preoperatively and confirmed postoperatively.
All patients were reviewed and all specimens were re-
examined in December, 2010.

The patients involved in situ hybridization detection
were given a follow-up ranging from 3 to 12 years. For
the analysis of survival and follow-up, the date of pros-
tatectomy was used to represent the beginning of the
follow-up period. The primary analysis endpoint was
biochemical recurrence-free survival (BRS). Others anal-
ysis endpoints were overall survival (OS) and metastasis-
free survival. All the patients who died from diseases
other than PCa or from unexpected events were excluded
from the case collection.

QRT-PCR

MiRNA was extracted from 20 pairs of prostate primary
tumor tissues and adjacent benign prostate tissues, and
three human prostate carcinoma cell lines (LNCaP,
DU145 and PC-3) and a non-malignant epithelial pros-
tate cell line (RWPE-1) using miRNA extraction kit
(#RP5301, Bioteke, Beijing, China). For miRNA detec-
tion, qRT-PCR was processing as the protocol of All-in-
One™ miRNA qRT-PCR Detection Kit (#AOMD-Q020,
GeneCopoeia, Guangzhou, China) described. MiRNA
expression in each sample was normalized with the
housekeeping gene (RNU6B and hsa-miR-130b) expres-
sion. The specificity of amplification was confirmed by
melting curve analysis and also by running PCR prod-
ucts on agarose gels (3 %). Relative quantification of
target miRNA expression was evaluated using the com-
parative cycle threshold (2-ΔΔCt) method [14]. Mean
normalized gene expression ± SE was calculated from
independent experiments.

miRNA in Situ Hybridization in Frozen Section

Locked nucleic acid-modified probes biotinylated at the
5′ end (#38160-15, Exiqon, Vedbaek, Denmark) were
used to detect the in situ hybridization signal for miR-
335 on frozen section of prostate tissues. In situ hybrid-
ization was performed as described in protocol of En-
hanced sensitivity of in situ hybridization detection kit I
(peroxidase) (#MK1030, Boster, Wuhan, China) [15].

In situ hybridization result was scored by two inde-
pendent experienced pathologists, who were blinded to
the clinicopathological data and clinical outcomes of the
patients. The scores of the two pathologists were com-
pared and any discrepant scores were trained through
re-examining the stainings by both pathologists to
achieve a consensus score. The number of positive-
staining cells in ten representative microscopic fields
was counted and the percentage of positive cells was
calculated. Given the homogenicity of the staining
of the target gene, tumor specimens were scored in a
semi-quantitative manner. The percentage scoring of
chemoreactive tumor cells was as follows: 0 (0 %), 1
(1–10 %), 2 (11–50 %) and 3 (>50 %). The staining
intensity was visually scored and stratified as follows:
0 (negative), 1 (weak), 2 (moderate) and 3 (strong). A
final score was obtained for each case by the sum of
the percentage and the intensity score. MiR-335 expres-
sion levels were further analyzed by classifying final
scores as low (based on a score less than 3.21) and as
high (based on a score greater than 3.21), because the
cutoff value 3.21 was the median of the final scores of
miR-335 expression.

Table 2 Clinical features of all patients

Sample type & clinical
features

Experiment type

QRT-PCR In situ hybridization

Prostate cancer (Cases) 20 104

Mean age (range,years) 68.75±4.99 58.35±7.54 (42–86)

≤60 2 62

>60 18 42

Serum PSA levels (ng/ml)

<4 3 21

≥4 17 83

Gleason score

<8 10 86

≥8 10 18

Metastasis 1 15

Adjacent benign tissue of
prostate cancer (paired)

20 20
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EGFP-miR-335 Expression Vector

We got the commercial pGCMV/EGFP/Neo-Vector
(GenePharma, Shanghai, China) with an over-expression
of miR-335, and the same blank-vector as control. Two
human prostate carcinoma cell lines (LNCaP and DU145)
were respectively transfected through Fugene transfecting
agents (Roche) with hsa-miR-335 vector, blank control
(NC) following the manufacturer’s instructions.

Cell Viability Assay

Cell viability assay was performed to evaluate the prolifer-
ation ability of the transfected LNCaP and DU145 cell lines,
respectively. Briefly, 5×103 cells were seeded into 96-well
plates for 24, 48, 72 and 96 h. Cells were then incubated
with 20 μl of 3-(4, 5-dimethylthiazol-2-yl) 2, 5-
diphenyltetrazolium bromide (MTT, 5 mg/ml, Sigma, St
Louis, MO) for 4 h at 37 °C. The supernatant was then
discarded and 200 μl of dimethyl sulfoxide (DMSO) was
added to solubilize the crystals for 30 min at room temper-
ature. Absorbance was measured at a wavelength of 495 nm
using a spectrophotometer (Multiskan MK3; Thermo,

Shimadzu, Japan). Data were expressed as X � s of three
independent experiments.

Cell Invasion Assay

The transwell cell invasion assay was performed to evaluate
the invasion ability of transfected DU145 cell lines. Serum-
free RPMI1640 medium was mixed with Matrigel (1:10;
BD Biosciences, Bedford, MA, USA). The bottom of the
culture inserts (8-μm pores) in 24-well tissue culture plates
(Transwell, Corning, Corning, NY, USA) was coated with
50 μl of the mixture, and the Matrigel was allowed to
solidify at 37 °C for 4 h. After solidification, 5×104 cells
were harvested by trypsinization, washed with serum-free
medium to 25×104/ml and placed in the upper chamber. The
lower chamber contained 10 % fetal bovine serum for use as
a chemoattractant. Following 48 h of incubation at 37 °C
with 5 % CO2, the number of cells that had migrated
through the pores was fixed with 10 % formalin and stained
with 0.05 % Crystal Violet, which was solubilized with
methanol. The absorbance (540 nm) of the solution was
measured by a kinetic microplate reader (Spectra MAX
190; Molecular Devices Co., Sunnyvale, CA). Data were

expressed as X � s of three independent experiments.

Cell Migration Assay

Scratch wound-healing motility assay was performed to
evaluate the migration ability of transfected DU145 cell

lines. A scratch was set with a pipette tip running though
the dish when DU145 cells were seeded and grown to
confluence. After cultured under standard conditions for
48 h, plates were washed twice with fresh medium to re-
move nonadherent cells and then photographed. The cell
migration was evaluated by counting cells that migrated

from the wound edge. Data were expressed as X � s of
three independent experiments.

Statistical Analysis

The software of SPSS version13.0 for Windows (SPSS Inc,
IL, USA) and SAS 9.1 (SAS Institute, Cary, NC) was used
for statistical analysis. Continuous variables were expressed

as X � s. Statistical analyses of miRNA microarray and qRT-

Fig. 1 MiR-335 expression in prostate cancer (PCa) cell lines and
tissues. a Relative expression of miR-335 in three PCa cell lines
(LNCaP, DU145 and PC-3) and a non-malignant epithelial prostate
cell line (RWPE-1) was detected by qRT-PCR. Data were expressed as
X � s. ‘*’ refers to statistical significance between groups (P<0.05);
‘**’ refers to statistical significance between groups (P<0.01). b
Relative expression of miR-335 in PCa tissues and their pair-matched
adjacent non-tumor tissues was detected by qRT-PCR. Data were
expressed as X � s. ‘*’ refers to statistical significance between groups
(P<0.05); ‘**’ refers to statistical significance between groups
(P<0.01)
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PCR were conducted using paired t test. For in situ hybrid-
ization assay, 2-way ANOVA with the Bonferroni posttest
was conducted. Statistical analyses were performed with
Kaplan-Meier method for the question of survival and Cox
regression analysis for the multivariate analysis. All the other
results were analyzed using paired t test. Differences were
considered statistically significant when p was less than 0.05.

Results

Down-Regulation of miRNA-335 in Human Tumorigenic
Prostate Cell Lines

The expression levels of miR-335 in 3 human PCa cell lines
(LNCaP, DU145 and PC-3) and a non-malignant epithelial
prostate cell line (RWPE-1) were detected by qRT-PCR. The
miR-335 levels were down-regulated in all 3 PCa cell lines
compared with a normal prostate epithelial cell line (LNCaP,
2.05-fold, P<0.01; DU145, 1.56-fold, P<0.01; PC-3,
10.85-fold, P<0.01; Fig. 1a).

Down-Regulation of miRNA-335 in Human PCa Tissues

We nextly examined miR-335 expression in 20 primary PCa
tissues relative to their pair-matched adjacent benign pros-
tate tissues using qRT-PCR and found that miR-335 expres-
sion in PCa tissues was significantly lower than that in
adjacent benign prostate tissues (P=0.01, Fig. 1b).

Down-Regulation of miRNA-335Associates with Aggressive
Clinicopathological Characteristics in PCa

To determine whether miR-335 expression is associated
with the clinicopathological characteristics of PCa, we
detected miRNA-335 expression by in situ hybridization.
Figure 2 shows the representative images of miRNA-335
expression by in situ hybridization from 104 PCa and 20
adjacent benign prostate tissues. The expression levels of
miRNA-335 in PCa tissues were lower than those in adja-
cent benign prostate tissues significantly (staining score:
PCa=3.27±0.99 vs. Benign=4.55±1.34, P=0.04). In addi-
tion, in prostate cancer sample, the reduced expression of

Fig. 2 MiRNA-335 expression was verified by in situ hybridization (Original magnification×400). a The miRNA-335 signal was strong in the
adjacent benign prostate tissues; b The miRNA-335 signal was weak in the PCa tissues; c Positive control (U6); d Blank control
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miR-335 was significantly associated with high Gleason
Score (P=0.04, Table 3), advanced clinical stage (P=0.04,
Table 3), and positive metastasis (P=0.02, Table 3), but
not with other clinicopathological features of PCa tissues,
including patients’ age, serum PSA Levels and patholog-
ical stage (all P>0.05, Table 3).

We further investigated the prognostic implication of
miRNA-335 expression in PCa. However, the statistics
results indicated that there were no significant differ-
ences in overall survival, biochemical recurrence-free,
metastasis-free survival, metastasis-free biochemical re-
lapse rates between high expression group and low
expression group of miRNA-335 (all p>0.05, Fig. 3).

MiR-335 Suppresses Cell Proliferation of PCa Cell Lines
in Vitro

To determine whether the overexpression of miR-335 in
PCa cells can affect cell proliferation, LNCaP and
DU145 cell lines were transiently transfected with hsa-
miR-335 vector, respectively. MiR-qRT-PCR analysis
was performed to detect the expression level of miR-
335. Our results showed that the expression levels of
miR-335 in miR-335-transfected PCa cells were signifi-
cantly higher than those in control-miR-transfected cells
(LNCaP: P=0.001; DU145: P=0.001; Fig. 4a). The MTT
assay indicated that the cell viability of miR-335

transfected LNCaP and DU145 cells were both signifi-
cantly less than that of negative control at 48 h after
transfection (Fig. 4b and c, LNCaP and DU145:
P<0.001).

MiR-335 Suppresses Cell Invasion and Migration of PCa
Cell Lines in Vitro

The transwell invasion assay using Matrigel was performed
to determine the effect of miR-335 on the invasive ability of
the miR-335-transfected DU145 cells. The results clearly
revealed that the overexpression of miR-335 could signifi-
cantly reduce the invasion of miR-335-transfected DU145
cells compared with that of controls (55±6 cells/field vs.
102±10 cells/filed, P<0.01; Fig. 5). Wound-healing assay
also showed that miR-335 markedly reduced the migration
of DU145 cells (38±7 vs. 119±10 migrated cells, P<0.01;
Fig. 6).

Discussion

This is the first study of the investigation on the func-
tional and clinical significance of miR-335 in PCa.
Advanced PCa is currently incurable because of the
metastasis to bone and lymph nodes, and the progres-
sion from an androgen-dependent to an androgen-
independent disease [16]. Therefore, it is necessary to
diagnose the local tumor at an early stage, which needs
further understanding of the biological mechanisms un-
derlying the aggressive progression of PCa. Previous
studies identified several specific and unique miRNAs
which contribute to the initiation, progression, and me-
tastasis of PCa. The main findings of the present study
are as following three points. Firstly, miR-335 was
dramatically downregulated in both PCa cell lines and
clinical tissues, suggesting that the low expression of
miR-335 is significantly associated with PCa. Secondly,
the low expression of miR-335 was significantly asso-
ciated with advanced tumor progression of PCa, but not
with the prognosis in PCa patients; and finally, the
overexpression of miR-335 could inhibit the cell prolif-
eration, invasion and migration of PCa cell lines.

MiR-335, encoded by the second intron of the ma-
ternally imprinted gene MEST (human chromosome
7q32), is normally expressed in a variety of human
tissues and deregulated in several types of tumors,
suggesting its complex biological roles during tumori-
genesis [17]. Wang et al. [10] found the down-
regulation of miR-335 in breast cancer tissues and sera
by a RT-PCR analysis; Marcucci et al. [18], Soon et al.
[19] and Xu et al. [20] also detected the low expression
of miR-335 in adrenocortical carcinomas, acute myeloid

Table 3 Association of miRNA-335 expression with the clinicopath-
ological features of PCa patients

Clinical features hsa-miR-335

Numbers X � s P

Age (years)

<60 62 3.22±0.71

≥60 42 3.35±0.69 0.79

Serum PSA levels (ng/ml)

<4 21 3.51±0.70

≥4 83 3.22±0.64 0.28

Gleason score

<8 86 3.54±0.69

≥8 18 1.98±0.75 0.04

Clinical stage

<T2A 64 3.69±0.68

≥T2A 40 2.61±0.63 0.04

Pathological stage

T2A-T2C 78 3.35±0.66

T3A-T4 26 3.06±0.69 0.38

Metastasis

No 89 3.63±0.70

Yes 15 1.80±1.03 0.02
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leukemia and gastric cancer cell lines, suggesting that
the reduced expression of miR-335 is significantly as-
sociated with these malignancies. Tavazoie et al. [9]
identified miR-335 as a metastasis suppressor in breast
cancer cells, since its reduced expression could be as-
sociated with the ability to form breast cancer metastasis
in mice. Its association with tumor chemoresistance was

further validated in ovarian cancer [11]. In the present
study, we showed the similar results that the expression
levels of miR-335 were dramatically decreased in PCa
cell lines and clinical PCa tissues. Its overexpression
could suppress cell proliferation, invasion and migration
of PCa cell lines. However, several previous studies also
detected the increased expression of miR-335 in some

Fig. 3 Kaplan-Meier survival curves of overall survival (a), metastasis-free survival (b), biochemical recurrence-free (c), metastasis-free
biochemical relapse (d) for miRNA-335 and PRDX3 expression in PCa

Fig. 4 MiR-335 overexpression suppresses cell proliferation. a Rel-
ative miR-335 expression in LNCaP and DU145 cells after miR-335
transfection. b Cell proliferation analysis of DU145 cells after miR-
335 transfection by MTT assay. c Cell proliferation analysis of

LNCaP cells after miR-335 transfection by MTT assay. Data were
expressed as X � s . ‘*’ refers to statistical significance between
groups (P<0.05); ‘**’ refers to statistical significance between
groups (P<0.01)
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malignant cells. Shu et al. [12] report that the miR-335
level is highly elevated in C6 astrocytoma cells and
human malignant astrocytomas, and this microRNA
may act as a tumor promoter in conferring tumorigenic
features such as growth and invasion on malignant
astrocytoma; The overexpression of miR-335 also plays
an important role in the development of colonic cancer
[21], pediatric acute leukemia [22] and multiple myelo-
ma [23]. This difference may be caused by tissue spec-
ificity or ethnic diversity.

With the similar results with our data, the previous
study of Wang et al. [24] found that the treatment of

pomegranate juice, which was shown in a clinical trial
to inhibit progression of PCa, could upregulate the
expression of miR-335 suggesting that this miRNA
should be an anti-invasive factor in this disease. How-
ever, the gene transcripts/functions potentially influenced
by miR-335 in PCa have not been elucidated. Further
experimental studies are required to investigate these
problems.

In conclusion, our data demonstrated for the first time the
inhibitory effect of miR-335 on cell proliferation and inva-
sion for PCa cells. The loss of this microRNA might be
associated with clinical progression of PCa patients.

Fig. 5 MiR-335 suppresses
invasion of DU145 cells.
Representative images of the
invaded DU145 cells
transfected with mock-blank
control (mock, a), negative
control (miR-NC, b) or EGFP-
miR-335 (miR-335, c) for 48 h.
The cells were harvested and
subjected to transwell invasion
assay. d A graphical
representation of the number of
cells in three groups. Data were
expressed as X � s. ‘**’ refers
to statistical significance
between groups (P<0.01)

Fig. 6 MiR-335 suppresses migration of DU145 cells. a Representa-
tive images of the wound healing assay. b miR-335 inhibits
woundhealing of DU145 cells. DU145 cells were transiently
transfected with mock-blank control (mock), negative control (miR-
NC) or EGFP-miR-335 (miR-335) for 48 h. The cells were harvested

and subjected to wound-healing assay. The width of the remaining
open wound calculated in relation to separation at time 0 h. Data were
expressed as X � s . ‘**’ refers to statistical significance between
groups (P<0.01)
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Furthermore, this study is hypothesis generating, and that
further prospective analysis would be worth doing.

Acknowledgements This work was supported by grants fromNational
Natural Science Foundation of China (81170699), Guangzhou Municipal
Science and Technology Key Project (11C23150711), Key Projects of
Bureau ofHealth inGuangzhouMunicipality (201102A212015), Projects
of Guangdong Key Laboratory of Urology (2010A060801016). Medical
and Health Science and Technology Project in Guangzhou Municipality
(20121A011024).

Competing Interests The authors declare that they have no compet-
ing interests.

References

1. Siegel R, Naishadham D, Jemal A (2012) Cancer statistics, 2012.
CA Cancer J Clin 62:10–29

2. Utomo NB, Mochtar CA, Umbas R (2012) Primary hormonal treat-
ment in localized and locally advanced prostate cancer: effectiveness
and survival predictive factors. Acta Med Indones 44:10–15

3. Dasgupta S, Srinidhi S, Vishwanatha JK (2012) Oncogenic acti-
vation in prostate cancer progression and metastasis: molecular
insights and future challenges. J Carcinog 11:4

4. Bartel DP (2004) MicroRNAs: genomics, biogenesis, mechanism,
and function. Cell 116:281–297

5. Calin GA, Liu CG, Sevignani C, Ferracin M, Felli N, Dumitru CD,
Shimizu M, Cimmino A, Zupo S, Dono M, Dell’Aquila ML, Alder
H, Rassenti L, Kipps TJ, Bullrich F, Negrini M, Croce CM (2004)
MicroRNA profiling reveals distinct signatures in B cell chronic
lymphocytic leukemias. Proc Natl Acad Sci USA 101:11755–11760

6. Porkka KP, Pfeiffer MJ, Waltering KK, Vessella RL, Tammela TL,
Visakorpi T (2007) MicroRNA expression profiling in prostate
cancer. Cancer Res 67:6130–6135

7. Shu M, Zhou Y, Zhu W, Zhang H, Wu S, Chen J, Yan G (2012)
MicroRNA 335 is required for differentiation of malignant glioma
cells induced by activation of cAMP/protein kinase A pathway.
Mol Pharmacol 81:292–298

8. Nakanishi N, Nakagawa Y, Tokushige N, Aoki N, Matsuzaka T,
Ishii K, Yahagi N, Kobayashi K, Yatoh S, Takahashi A, Suzuki H,
Urayama O, Yamada N, Shimano H (2009) The up-regulation of
microRNA-335 is associated with lipid metabolism in liver and
white adipose tissue of genetically obese mice. Biochem Biophys
Res Commun 385:492–496

9. Tavazoie SF, Alarcón C, Oskarsson T, Padua D, Wang Q, Bos PD,
Gerald WL, Massagué J (2008) Endogenous human microRNAs
that suppress breast cancer metastasis. Nature 451:147–152

10. Wang F, Zheng Z, Guo J, Ding X (2010) Correlation and quanti-
tation of microRNA aberrant expression in tissues and sera from
patients with breast tumor. Gynecol Oncol 119:586–593

11. Sorrentino A, Liu CG, Addario A, Peschle C, Scambia G, Ferlini C
(2008) Role of microRNAs in drug-resistant ovarian cancer cells.
Gynecol Oncol 111:478–486

12. Shu M, Zheng X, Wu S, Lu H, Leng T, Zhu W, Zhou Y, Ou Y, Lin
X, Lin Y, Xu D, Zhou Y, Yan G (2011) Targeting oncogenic miR-
335 inhibits growth and invasion of malignant astrocytoma cells.
Mol Cancer 10:59

13. Chen JH, He HC, Jiang FN et al (2012) Analysis of the specific
pathways and networks of prostate cancer for gene expression
profiles in the Chinese population. Med Oncol 29:1972–1984

14. Chen C, Ridzon DA, Broomer AJ et al (2005) Real-time quantifi-
cation of microRNAs by stem-loop RT-PCR. Nucleic Acids Res
33:e179

15. Nuovo GJ (2008) In situ detection of precursor and mature
microRNAs in paraffin embedded, formalin fixed tissues and cell
preparations. Methods 44:39–46

16. Wang L, Alcon A, Yuan H, Ho J, Li QJ, Martins-Green M (2011)
Cellular and molecular mechanisms of pomegranate juice-induced
anti-metastatic effect on prostate cancer cells. Integr Biol 3:742–754

17. Vickers MM, Bar J, Gorn-Hondermann I, Yarom N, Daneshmand
M, Hanson JE, Addison CL, Asmis TR, Jonker DJ, Maroun J,
Lorimer IA, Goss GD, Dimitroulakos J (2012) Stage-dependent
differential expression of microRNAs in colorectal cancer: poten-
tial role as markers of metastatic disease. Clin Exp Metastasis
29:123–132

18. Marcucci G, Maharry K, Radmacher MD, Mrόzek K,
Vukosavljevic T, Paschka P (2008) Prognostic significance of,
and gene and microRNA expression signatures associated with,
CEBPA mutations in cytogenetically normal acute myeloid leu-
kemia with highrisk molecular features: a Cancer and Leukemia
Group B Study. J Clin Oncol 26:5078–5087

19. Soon PS, Tacon LJ, Gill AJ, Bambach CP, Sywak MS, Campbell
PR (2009) miR-195 and miR-483-5p identified as predictors of
poor prognosis in adrenocortical cancer. Clin Cancer Res 15:7684–
7692

20. Xu Y, Zhao F, Wang Z, Song Y, Luo Y, Zhang X, Jiang L, Sun Z,
Miao Z, Xu H (2012) MicroRNA-335 acts as a metastasis sup-
pressor in gastric cancer by targeting Bcl-w and specificity protein
1. Oncogene 31:1398–1407

21. Wang YX, Zhang XY, Zhang BF, Yang CQ, Chen XM, Gao HJ
(2010) Initial study of microRNA expression profiles of colonic
cancer without lymph node metastasis. J Dig Dis 11:50–54

22. Zhang H, Luo XQ, Zhang P, Huang LB, Zheng YS, Wu J, Zhou H,
Qu LH, Xu L, Chen YQ (2009) MicroRNA patterns associated
with clinical prognostic parameters and CNS relapse prediction in
pediatric acute leukemia. PLoS One 4:e7826

23. Ronchetti D, Lionetti M, Mosca L, Agnelli L, Andronache A,
Fabris S, Deliliers GL, Neri A (2008) An integrative genomic
approach reveals coordinated expression of intronic miR-335,
miR-342, and miR-561 with deregulated host genes in multiple
myeloma. BMC Med Genomics 1:37

24. Wang J, Ruan K (2010) miR-335 is involved in the rat epididymal
development by targeting the mRNA of RASA1. Biochem
Biophys Res Commun 402(2):222–227

Role of miR-335 in PCa 537


	MicroRNA-335 Acts as a Candidate Tumor Suppressor in Prostate Cancer
	Abstract
	Introduction
	Materials and Methods
	Cell Culture
	Patients and Tissue Samples
	QRT-PCR
	miRNA in Situ Hybridization in Frozen Section
	EGFP-miR-335 Expression Vector
	Cell Viability Assay
	Cell Invasion Assay
	Cell Migration Assay
	Statistical Analysis

	Results
	Down-Regulation of miRNA-335 in Human Tumorigenic Prostate Cell Lines
	Down-Regulation of miRNA-335 in Human PCa Tissues
	Down-Regulation of miRNA-335 Associates with Aggressive Clinicopathological Characteristics in PCa
	MiR-335 Suppresses Cell Proliferation of PCa Cell Lines in Vitro
	MiR-335 Suppresses Cell Invasion and Migration of PCa Cell Lines in Vitro

	Discussion
	References


