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miR-129 predicts prognosis and inhibits cell growth
in human prostate carcinoma
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Abstract. MicroRNAs (miRNAs) are a class of small,
well-conserved, non-coding RNAs that are increasingly iden-
tified as diagnostic and prognostic biomarkers in a number
of cancers. Deregulated miR-129 is closely associated with
tumorigenesis and cancer progression. However, the potential
role of miR-129 in prostate cancer remains largely elusive.
The present study investigated the role of miR-129 as a prog-
nostic biomarker for tumor progression and clinical prognosis
in prostate cancer patients. The examined prostate cancer
tissues exhibited a significant reduction in miR-129 expression
compared with the normal tissues (P=0.013). The expression
levels of miR-129 were negatively correlated with histological
grade (P<0.001), high preoperative prostate-specific antigen
serum levels (P<0.001), pathological stage (P<0.001), high
Gleason score (P<0.001), lymph node metastasis (P=0.002),
angiolymphatic invasion (P=0.018), and biochemical recur-
rence (BCR; P=0.001). Use of the Kaplan-Meier analysis
demonstrated that low miR-129 expression was closely
associated with poorer BCR-free survival. Multivariate
survival analysis indicated that miR-129 expression may be
an independent prognostic marker for BCR-free survival in
prostate cancer patients (P<0.001). Overexpression of miR-129
markedly attenuated prostate cancer cell growth by rescuing
cell cycle-regulated protein expression. The present study
suggests that miR-129 is downregulated in the cancerous
tissues of prostate cancer patients, which was associated with
poor BCR-free survival. Thus, it may be considered as a novel
independent prognostic biomarker for prostate cancer. In addi-
tion, downregulation of miR-129 may serve a critical role in
the proliferation of prostate cancer cells.
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Introduction

Cancer is recognized as a major cause for mortality world-
wide. In men, prostate cancer is one of the most prevalent of
these malignancies, and is considered to be the second leading
cause of cancer-associated death in males in many western
countries (1). The morbidity rate of prostate cancer is currently
increasing at an astonishing rate in developing countries (2).
Prostate cancer presents clinically as a multifocal disease
with a slow progression, and demonstrates a highly aggres-
sive level of malignant neoplasia (3). The five-year survival
rate of prostate cancer patients was only 29% in 2008, and
the disease has now developed into a critical public health
problem (4). A recent study has revealed that the 5-year
biochemical recurrence-free survival rate is 82.1% in patients
with localized prostate cancer who received radical pros-
tatectomy treatment (5). Despite intensive study of prostate
cancer, the mechanisms by which tumorigenesis and cancer
progression occur have yet to be fully defined. Although there
are substantial efforts to improve therapy for patients, the
options for treatment of advanced prostate cancer are rela-
tively few in number. Since 1990, the annual morbidity rate
of prostate cancer has increased by 14% (6). This is largely
attributed to limited knowledge concerning the initiation,
growth, invasion and metastasis of prostate cancer, as well as
the poor range of effective novel therapeutics that are avail-
able for those diagnosed at different stages in progression of
the cancer. The conventional diagnosis for prostate cancer
involves prostate-specific antigen (PSA) measurement, digital
rectal examination and needle biopsy (7). Whilst the detec-
tion of PSA has greatly improved the detection rate of early
prostate cancer, a needle biopsy is often recommended to
further examine the histologic evidence (even in cases when
an increased PSA level is detected). Accumulating evidence
suggests that the PSA measurement is insufficient to predict
both aggressive and indolent prostate cancer, with the U.S.
Preventive Services Task Force suggesting removal of this
conventional screening method from clinical practice (8).
Current clinicopathological parameters, including the Gleason
score, pathological grade, lymph node metastasis and tumor
volume, have been considered as prognostic factors for pros-
tate cancer (9). However, these parameters remain inadequate
to distinguish between different forms of prostate cancer (10).
It is therefore crucial to identify novel molecular targets in
order to facilitate the early diagnosis of prostate cancer.
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MicroRNAs (miRNAs) are small 18-25 nucleotide
non-coding RNA molecules with highly conserved features.
They serve important roles in the initiation, development and
metastasis of many cancers, and are associated with the regu-
lation of cell growth, migration and invasion (11). It has been
demonstrated that various cancers exhibit aberrant expression
of miRNAs (12). Deregulated miRNAs are essential media-
tors for cancer pathogenesis by functioning as oncogenes or
tumor suppressor genes (13). An increasing number of studies
have explored the association between cancer and miRNAs,
and several miRNAs have been identified as biomarkers or
therapeutic targets for a number of human cancers (14). Recent
studies have demonstrated that miR-129 serves an important
role in tumor cell growth and invasion in hepatocellular
carcinoma (15) and in lung cancer cells (16). However, the role
of miR-129 in prostate cancer remains largely elusive. In the
present study, the association between miR-129 expression,
clinicopathological features and the prognosis of prostate
cancer patients was investigated.

Materials and methods

Ethics statement. Approval of this study protocol was obtained
from the Ethics Committee of Jinling Hospital (Nanjing,
China), and written informed consent was provided from all
subjects. All experiments were performed in accordance with
the relevant guidelines and regulations of Nanjing University
(Nanjing, China). This study conformed to the principles
outlined in the Declaration of Helsinki adopted by the World
Medical Association's General Assembly (17).

Subjects. A total of 118 prostate cancer patients admitted to
Jinling Hospital (Department of Urology, Nanjing University)
between 2000 and 2007, were included in this study. All patients
had undergone a radical prostatectomy, and had not received
chemotherapy, radiation therapy or androgen-deprivation
treatment. Prostate cancer tissue samples were placed into 10%
buffered formalin, and then subjected to gradient dehydration,
wax dipping and embedding. Sections (5-pm thick) of each
sample were placed on glass slides, dewaxed, dehydrated and
stained with hematoxylin-eosin. All paraffin-embedded tissues
for each sample were subject to histopathological examination
by hematoxylin-eosin staining. The histopathological grading
of samples for all cases was performed by experienced
pathologists on hematoxylin-eosin stained sections to confirm
diagnosis and tumor content as >70% prostate cancer cells in
the tissue samples. The clinicopathological and demographic
data pre- and post-operation were preserved in medical
records. The biochemical and clinicopathological parameters
for each patient, including clinical stage, Gleason score (18),
margin status, angiolymphatic invasion status, seminal vesicle
invasion status and biochemical recurrence were all recorded.
The summary of clinicopathological characteristics for all
patients is presented in Table I. The biochemical recur-
rence (BCR) is a surrogate endpoint when PSA levels are
>0.2 ng/ml in the patient's serum following surgical treatment.
The date of prostatectomy was recognized as the beginning of
the follow-up period. Any patients that did not survive due to
unexpected events or diseases other than prostate cancer were
excluded from the study. The primary prostate cancer tissues
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and paired noncancerous prostate tissues from 118 cases were
collected and frozen in liquid nitrogen and stored at -80°C
prior to use.

RNA isolation and reverse transcription-quantitative
polymerase chain reaction (RT-qPCR). The TRIzol reagent
(Thermo Fisher Scientific, Waltham, MA, USA) was used to
extract the total RNA from 118 normal and cancerous prostate
tissues, according to the manufacturer's instructions. The
concentration and purity of extracted RNA were measured
at 260 and 280 nm optical densities. Reverse transcription of
the RNA was then performed using the PrimeScript RT-PCR
kit (Takara Bio Inc., Otsu, Japan), according to the manu-
facturer's instructions. The cDNA served as a template for
gPCR detection using SYBR Premix Ex Tagq™ (Takara Bio
Inc.) and the StepOnePlus Real-Time PCR System (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The U6 gene
served as an internal control, as described previously (19). The
PCR cycling conditions were as follows: Initial denaturation
at 95°C for 5 min, followed by 40 cycles of denaturation at
94°C for 45 sec, annealing at 50°C for 1 min and extension at
72°C for 1 min. Samples were analyzed in triplicate and gene
expression was quantified by normalizing target gene expres-
sion to that of the internal control using the 2*4% method (20).
The primer sequences used were as follows: miR-129 forward,
5-GATACTCACTTTTTGCGGTCT-3' and reverse, 5'-GTG
CAGGGTCCGAGGT-3"; U6 forward, 5-CGCTTCGGCAGC
ACATATAC-3' and reverse, 5-CAGGGGCCATGCTAA
TCTT-3' (21).

Cell culture and transfection. The prostate cell lines, PC-3
and DUI145, were purchased from the Cell Bank of Chinese
Academy of Sciences (Shanghai, China). The cells were
cultured in RPMI 1640 medium (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% fetal bovine serum
(Gibco; Thermo Fisher Scientific, Inc.), 1% penicillin/strepto-
mycin (Gibco; Thermo Fisher Scientific, Inc.), 1% nonessential
amino acids (Gibco; Thermo Fisher Scientific, Inc.) and 1%
(1 mg/ml) sodium pyruvate (Gibco; Thermo Fisher Scientific,
Inc.) at 37°C in a humidified incubator with 5% CO,. The day
before transfection, PC-3 and DU145 cells (2x10°) were seeded
into a six-well plate, and the transient transfection of miR-129
precursor or scramble mimic miRNA (Ambion, Carlsbad, CA,
USA) was conducted using Lipofectamine 2000 Transfection
Reagent (Invitrogen; Thermo Fisher Scientific, Inc.) for 48 h,
according to the manufacturer's instructions. The cells in the
control group were treated with transfection reagent only.

Cell proliferation assay. Cell proliferation was assessed
using the Cell Counting Kit-8 assay (CCK-8; Molecular
Technologies, Inc., Kumamoto, Japan), in accordance with
the manufacturer's suggestions. The absorbance, measured
at a wavelength of 450 nm, was recorded on days 1, 2 and
4 post-transfection. At 96 h following transfection, the cells
were harvested to determine the protein expression levels of
proliferating cell nuclear antigen (PCNA) and phosphorylated
histone H3 (P-H3).

Western blot analysis. The PC-3 and DU-145 prostate cell
lines were transfected with either the miR-129 precursor or the
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scramble mimic negative control for 96 h and were harvested
using a lysis buffer (Beyotime Institute of Biotechnology,
Haimen, China) supplemented with EDTA-free Halt™
Protease Inhibitor Cocktail (Pierce; Thermo Scientific, Inc.).
The total protein concentration of the supernatant was quan-
tified using a bicinchoninic protein assay kit (Pierce; Thermo
Scientific, Inc.). Equal amounts of protein (40 pug) for each
sample were loaded onto a 8 or 10% SDS gel and transferred
to Immobilon-P polyvinylidene difluoride membranes (EMD
Millipore, Billerica, MA, USA). The membranes were
incubated with the following primary antibodies overnight
at 4°C: Rabbit anti-PCNA (1:200; catalog no. sc-9857-R),
mouse anti-P-H3 (1:200; catalog no. sc-374669) and mouse
anti-GAPDH (1:200; catalog no. sc-47724), obtained from
Santa Cruz Biotechnology, Inc. (Dallas, TX, USA); and rabbit
anti-cyclin E (1:1,000; catalog no. 20808), rabbit anti-cyclin
D1 (1:1,000; catalog no. 2978), rabbit anti-p21 (1:1,000;
catalog no. 2947) and rabbit anti-p27 (1:1,000; catalog
no. 3686), purchased from Cell Signaling Technology, Inc.,
(Danvers, MA, USA). Membranes were subsequently incu-
bated with an anti-rabbit (1:200; catalog no. sc-2385; Santa
Cruz Biotechnology, Inc.) or anti-mouse (1:200; catalog
no. sc-2380; Santa Cruz Biotechnology, Inc.) horseradish
peroxidase-conjugated secondary antibody for 1 h at room
temperature. Protein bands were visualized by use of an
enhanced chemiluminescence detection kit (Thermo Fisher
Scientific, Inc.). Densitometric analysis of the band intensi-
ties was measured and normalized to the band intensities of
GAPDH using the Imagel software version 1.48 (National
Institutes of Health, Bethesda, MA, USA).

Statistical analysis. Continuous variables are expressed as
the mean =+ standard deviation. SPSS 19.0 software (SPSS
Inc., Chicago, IL, USA) was used for statistical analysis.
The Kolmogorov-Smirnov test was used to determine the
normality of the data distribution. Comparisons between
two groups were assessed using the Student's 7-test. One-way
or two-way analysis of variance followed by a post-hoc
Bonferroni test was used for multiple comparisons. The test
for categorical variables was determined using the * test, and
the small cell variables were compared using Fisher's exact
test. Survival analysis was conducted with the Kaplan-Meier
method. Multivariate analyses were performed using the Cox
proportional hazards model. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

Downregulation of miR-129 expression in prostate cancer
tissues. The miR-129 expression levels in 118 paired prostate
cancer and adjacent non-cancerous prostate tissues were
measured by RT-qPCR analysis. The results demonstrated that
the expression of miR-129 at the mRNA level was significantly
reduced in the prostate cancer tissues when compared with
non-cancerous prostate tissues (P=0.013; Fig. 1). In addition,
the median relative quantity of miR-129 expression in the 118
prostate cancer tissues was equal to 1.01 (Fig. 1). Therefore,
the number of prostate cancer patients with low miR-129
expression was 52, and the number with high miR-129 expres-
sion was 66.
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Figure 1. Expression levels of miR-129 were detected and analyzed in 118
paired prostate cancer and adjacent non-cancerous prostate tissue samples by
RT-qPCR analysis. The results demonstrated that miR-129 expression levels
were significantly decreased in prostate cancer tissues compared to those
in adjacent non-cancerous prostate tissues. 'P<0.05 vs. prostate cancer tis-
sues. miR-129, microRNA-129; RT-qPCR, reverse transcription-quantitative
polymerase chain reaction.
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Figure 2. Kaplan-Meier BCR-free survival curves for two groups defined
by low and high expression of miR-129 in subjects with prostate cancer.
The patients with higher miR-129 expression exhibited significantly higher
BCR-free survival rates following radical prostatectomy compared with
patients with low miR-129 expression (P<0.001). BCR, biochemical recur-
rence; miR-129, micro RNA-129.

Correlation of miR-129 expression with the clinical param-
eters of prostate cancer patients. As demonstrated in Table I,
low expression of miR-129 in the prostate cancer tissues was
closely correlated with aggressive clinical pathological param-
eters including histological grade (P<0.001), high preoperative
PSA level (P<0.001), pathological stage (P<0.001), a high
Gleason score (P<0.001), lymph node metastases (P=0.002),
angiolymphatic invasion (P=0.018) and BCR (P=0.001). No
association between the expression level of miR-129 and addi-
tional clinical factors such as age and surgical margin status
was observed (all P>0.05).

Association between miR-129 expression and BCR-free
survival. To assess the possible prognostic value of using
miR-129 as a biomarker in prostate cancer tissues, the
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Table I. Correlation of miR-129 expression with the clinicopathological characteristics of 118 prostate cancer patients.

miR-129 expression (%)

Variable Cases (%) Low High N P-value

Age
<60 71 (60.2) 41 (57.8) 30 (42.2) 0.238 0.626
>60 47 (39.8) 25(53.2) 22 (46.8)

Histological grade
G1+G2 65 (55.1) 25 (38.5) 40 (61.5) 17.921 <0.001
G3 53 (44.9) 41 (77.4) 12 (22.6)

Preoperative PSA
<4 ng/ml 434) 0(0) 4 (100) 33.332 <0.001
4-10 ng/ml 30 (254) 5(6.7) 25(83.3)
>10 ng/ml 84 (71.2) 61 (72.6) 23 (274)

Pathological stage
I+1 77 (65.3) 32 (41.6) 45 (58.4) 18.576 <0.001
oI +1v 41 (34.7) 34 (82.9) 7(17.1)

Gleason score
<7 36 (30.5) 11 (30.6) 25(694) 25.345 <0.001
7 50 (42.4) 26 (52.0) 24 (48.0)
>7 32(27.1) 29 (90.6) 3094)

Lymph node metastasis
Negative 103 (87.3) 52 (50.5) 51 (49.5) 9.753 0.002
Positive 15 (12.7) 14 (93.3) 1(6.7)

Surgical margin status
Negative 99 (83.9) 56 (56.6) 43 (43.4) 0.100 0.752
Positive 19 (16.1) 10 (52.6) 9474)

Angiolymphatic invasion
Negative 82 (69.5) 40 (48.8) 42 (51.2) 5.577 0.018
Positive 36 (30.5) 26 (72.2) 10 (27.8)

Biochemical recurrence
Negative 89 (75.4) 42 (47.2) 47 (52.8) 11.226 0.001
Positive 29 (24.6) 24 (82.8) 5172

miR-129, micro-RNA-129; PSA, prostate-specific antigen.

BCR-free survival in 118 prostate cancer patients undergoing
radical prostatectomy was performed by calculating the cumu-
lative survival curves using the Kaplan-Meier method. The
Kaplan-Meier curves plotted with high or low miR-129 expres-
sion levels and BCR-free survival, indicated that prostate
cancer patients with low miR-129 expression levels exhibited
a significantly shorter BCR-free survival compared with those
with high miR-129 expression levels (P<0.001; Fig. 2). As
summarized in Table II, the univariate survival analysis with
Cox proportional hazards model revealed that the impact of
well-known clinicopathological prognostic features, including
miR-129 expression (P<0.001), Gleason score (P<0.001),
histological grade (P=0.002), pathological stage (P<0.001),
lymph node metastasis (P=0.006) and angiolymphatic inva-
sion (P=0.005) were significantly associated with BCR-free
survival in prostate cancer patients. Since variables that are
determined to have a prognostic influence by univariate

analysis may covariate, a multivariate analysis of the asso-
ciation between miR-129 expression levels and the BCR-free
survival of patients with prostate cancer was performed.
The Cox multivariate analysis confirmed the significance of
BCR-free survival with miR-129 expression (P<0.001), as well
as histological grade (P=0.002), pathological stage (P<0.001),
lymph node metastasis (P<0.001) and angiolymphatic invasion
(P<0.001) as independent prognostic predictors of BCR-free
survival of prostate cancer patients (Table I1I).

Effects of miR-129 on prostate cancer cell growth. The
miR-129 precursor or scramble mimic negative control was
transfected to PC-3 and DU-145 prostate cell lines in order
to determine the effect of miR-129 on prostate cancer cell
proliferation in vitro. As shown in Table I'V, overexpression of
miR-129 effectively attenuated the proliferation rate of PC-3
and DU-145 prostate cell lines at days 2 and 4 post-transfection,
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Table II. Univariate survival analysis of BCR-free survival in 118 prostate cancer patients.

BCR-free survival

Variables Exp (B) 95% CI P-value
Age (<60 vs. >60) 1.067 0.802-1.421 0.653
Histological grade (G1+G2 vs. G3) 2.115 0.275-1.224 0.002
Preoperative PSA (<10 ng/ml vs. =10 ng/ml) 1.091 0.918-1.294 0317
Pathological stage (T1-2 vs. T3-4) 4.524 0.883-2.136 <0.001
Gleason score (4-6 vs. 7-10) 3.745 0.698-1.725 <0.001
Lymph node metastasis (negative vs. positive) 1.941 0.189-1.138 0.006
Surgical margin status (negative vs. positive) 1.015 0.714-2.192 0.927
Angiolymphatic invasion (negative vs. positive) 1.508 1.134-2.005 0.005
miR-129 expression (high vs. low) 5.627 1.124-11.392 <0.001
BCR, biochemical recurrence; PSA, prostate-specific antigen; miR-129, microRNA-129.
Table ITI. Multivariate survival analysis of BCR-free survival in 118 prostate cancer patients.

BCR-free survival
Variables Exp (B) 95% CI P-value
Histological grade (G1+G2 vs. G3) 2.123 0.279-1.228 0.002
Pathological stage (T1-2 vs. T3-4) 3.818 0.776-1.913 <0.001
Lymph node metastasis (negative vs. positive) 4.505 0.932-2.078 <0.001
Angiolymphatic invasion (negative vs. positive) 3511 0.717-1.795 <0.001
miR-129 expression (high vs. low) 2.692 0.441-1.539 <0.001

BCR, biochemical recurrence; miR-129, microRNA-129.

Table I'V. CCK-8 assay for the growth of PC-3 and DU-145 prostate cancer cell lines transfected with miR-129 precursor or nega-
tive control miRNA and measured at days 1, 2, and 4 post-transfection.

Cell line Indicated transfection OD,s, at day O OD,,, at day 1 OD,,, at day 2 OD,,, at day 4

PC-3 Negative miRNA 0.214+0.016 0.532+0.045 0.834+0.079 1.231+0.098
miR-129 0.225+0.019 0.510+0.056 0.621+0.066 0.813+0.085*

DU-145 Negative miRNA 0.216+0.021 0.652+0.078 0.948+0.095 1.422+0.113
miR-129 0.209+0.025 0.643+0.069 0.724+0.043* 0.933+0.105*

Data are presented as the mean =+ standard deviation (n=6). CCK-8, cell counting kit-8; miR-129, microRNA-129; OD, optical density. *P<0.05

vs. negative miRNA.

as determined using the CCKS8 assay. In addition, the protein
expression levels of cell proliferation markers PCNA and P-H3
were significantly reduced in PC-3 and DU-145 cells at 4 days
following transfection with miR-129 precursor, compared with
untreated and negative controls (Fig. 3).

Inhibitory effects of miR-129 on the protein expression levels
of cell cycle regulators. Cell cycle progression is associated
with cell proliferation, therefore the present study aimed to
clarify whether inhibition of cell growth by miR-129 involves

the regulation of cell cycle-associated proteins cyclin E, cyclin
D1, p27 and p21. Compared with untreated and negative
controls, the protein expression levels of cyclin E and cyclin D1
were significantly reduced in PC-3 and DU-145 cells following
transfection with miR-129 (P=0.013; Fig. 4). By contrast the
protein expression levels of p27 and p21 in both cell lines were
significantly increased when compared with untreated and
negative controls (P=0.021; Fig. 4). These results suggest that
miR-129 may exert an inhibitory effect on the proliferation of
prostate cancer cells by inducing of cell cycle arrest.
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Figure 3. Effect of miR-129 on PCNA and P-H3 protein expression in pros-
tate cancer cell lines. At 4 days after transfection of PC-3 and DU-145 cells
with miR-129 precursor or negative miRNA, the PCNA and P-H3 expression
levels were determined using western blot analysis. GAPDH was used as a
loading control. Data are presented as the mean + standard deviation (n=3).
“P<0.05 vs. control; 'P<0.05 vs. negative miRNA. miR-129, microRNA-129;
PCNA, proliferating cell nuclear antigen; P-H3, phosphorylated histone 3.
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Figure 4. Effect of miR-129 on the expression of cell cycle-associated pro-
teins in prostate cancer cell lines. At 4 days after transfection of miR-129
precursor or negative miRNA in PC-3 and DU-145 prostate cell lines, the
protein expression levels of cyclin E, cyclin D1, p27, p21 and GAPDH in
PC-3 (left panel) and DU-145 (right panel) were determined by western blot
analysis. Data are presented as the mean + standard deviation (n=3). "P<0.05
vs. control; "P<0.05 vs. negative miRNA. miR-129, microRNA-129.

Discussion

The present study established an association between miR-129
and aggressive clinicopathological parameters in prostate
cancer patients. miR-129 may be a crucial component in the
pathogenesis and aggressiveness of prostate cancer, and down-
regulation of its expression may be closely correlated with
unfavorable prognosis in prostate cancer patients.

Prostate cancer is a prevalent malignancy in developed and
developing countries and is a significant global clinical burden,
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accounting for >92,300 mortalities each year (22). The lack of
sufficient diagnostic and prognostic factors are primary causes
for poor clinical outcome in prostate cancer patients. It has
been proposed that an early and accurate diagnosis of prostate
cancer would be essential for determining an appropriate treat-
ment strategy (23). Despite the fact that patients with localized
prostate cancer that have undergone a radical prostatectomy
have favorable long-term survival rates, long-term follow-ups
have demonstrated that BCR occurs in ~50% of patients
following surgery (24). Hence, it is necessary to evaluate the
early risk of BCR in order to improve the prognosis for patients.
Conventional prognostic factors, including the Gleason score
or measuring preoperative PSA levels, are limited for the
diagnosis of early prostate cancer (25). A previous study
demonstrated that Golgi phosphoprotein-3 expression was
associated with androgen-independence, bone metastases, a
higher Gleason scale score and higher baseline PSA levels,
and serves as a significant independent prognostic factor for
disease-free survival in prostate cancer patients (26). In addi-
tion, RNA-binding protein (RBM3) expression was observed
to be increased in the prostate intraepithelium, which was
associated with a prolonged time to disease progression (27).
It was therefore suggested that RBM3 may be employed as
a useful independent biomarker of favorable prognosis for
prostate cancer (27). In addition, a recent study discovered that
high transformer 23 (Tra2f) expression levels are significantly
associated with a high Gleason score, clinical stage, lymph
node metastases, and BCR in subjects with prostate cancer,
and overexpression of Tra23 may be a possible predictor for
poor BCR-free survival (28). These studies demonstrate the
unremitting efforts that have been made by many researchers
so far in order to attempt to uncover efficient diagnostic and
prognostic biomarkers for prostate cancer.

miRNAs serve an important role in numerous biological
processes in tumors, including cell proliferation, apoptosis
and migration and invasion. Over 1,400 human miRNA
sequences are known to be involved in cancer pathogen-
esis (29). In recent years, miRNAs have been demonstrated
to function as molecular prognostic biomarkers for a number
of cancers. For example, it has been reported that miR-188-5p
expression levels are significantly downregulated in metastatic
prostate cancer tissues, and miR-188-5p is predicted to be an
independent prognostic marker for BCR-free survival, as well
as overall survival in prostate cancer patients (30). In addi-
tion, miR-221 is also significantly downregulated in prostate
cancer patients with lymph node-metastases, and is employed
as a biomarker for the clinical prognosis of high-risk prostate
cancer patients (31). By contrast, miR-96 is overexpressed in
prostate cancer tissues and is closely associated with a poor
median survival of 3 years (32). The results of these studies
suggest that miRNAs are emerging as potential prognostic
biomarkers or useful therapeutic targets in prostate cancer.
miR-129 is a diagnostic and prognostic biomarker in gastro-
intestinal cancer, which exhibits suppressive activities that
may lead to inhibition of tumorigenesis, tumor cell prolif-
eration and invasion, and disease progression (33). In addition,
miR-129 was recently observed to be downregulated in gastric
cancer (34,35), colorectal cancer (34,35), liver cancer (36) and
lymphocytic leukemia (37). RT-qPCR results demonstrated
that miR-129-3p gene expression was extensively attenuated



MOLECULAR MEDICINE REPORTS 14: 5025-5032, 2016

in human renal cell carcinoma, and this low expression was
a predictor of reduced disease-free and overall survival in
renal cell carcinoma patients (37). miR-129 expression in
bladder cancer patients has been demonstrated to be lower
when compared with normal noncancerous controls, thus
miR-129 is suggested to be a predictive marker of the progres-
sion of bladder tumors (38). However, the role of miR-129 in
prostate cancer patients remains largely elusive. The results
of the present study demonstrate a significant reduction in
miR-129 gene expression levels in prostate cancer tissues
when compared with adjacent non-cancerous prostate tissues.
Further analysis indicated that downregulation of miR-129
gene expression was positively associated with histological
grade, high preoperative PSA levels, pathological stage, a high
Gleason score, lymph node metastases, angiolymphatic inva-
sion and BCR in prostate cancer patients. In addition, prostate
cancer patients with low miR-129 expression exhibited poor
BCR-free survival. The multivariate analyses clarified that
reduced miR-129 expression may be an independent prognostic
indicator of BCR-free survival in prostate cancer patients.
These results suggest that miR-129 may provide a novel and
important prognostic biomarker for prostate cancer.
Excessive cell proliferation in prostate cancer tissues is
positively associated with tumorigenesis and tumor progres-
sion (39). In bladder carcinoma cell lines, transfection with
a miR-129 precursor significantly inhibited the growth and
induced cell death in T24 and SW780 cells (38). In hepa-
tocellular carcinomas, transfection with miR-129 mimics
remarkably attenuated the proliferation and invasion of
hepatocellular carcinoma cells (15). Ectopic expression of
miR-129-5p significantly inhibited the growth and migra-
tion of medullary thyroid carcinoma cells by targeting the
proto-oncogene pathway (40). The results of the present study
demonstrated that miR-129 gene overexpression attenuated the
proliferation of PC-3 and DU-145 prostate cancer cell lines.
This was evidenced by the CCK-8 assay and the observed
downregulation of PCNA and P-H3 in response to transfection
with an miR-129 mimic. These results suggest that miR-129
may function as tumor suppressor gene in prostate cancer, and
may be a potential therapeutic target in prostate cancer.
Abnormal regulation of the cell cycle is an important factor
that is closely associated with the cancer development (41).
Emerging evidence indicates that deregulated miRNAs are
major mediators in the regulation of tumor-associated cell
cycle defects (42). Multiple protein kinases that contain a
regulatory cyclin component and a catalytic cyclin-dependent
kinase (CDK) are necessary for cell cycle regulation during
several major checkpoints of the cell cycle. The specific CDK
inhibitors, p21 and p27, are negative regulators of cyclins, which
inhibit the cell cycle at the GO/G1 phase (43). Overexpression of
cyclin D1 is a critical step in the development of some human
cancers, including prostate cancer, by encoding the regula-
tory subunit of a holoenzyme and promoting the progression
of the G1/S phase of the cell cycle (44). Increased cyclin D1
expression is correlated with human tumorigenesis and cellular
metastases, including parathyroid adenoma, breast cancer,
colon cancer, lymphoma, melanoma, and prostate cancer (44).
In addition, cyclin E has been demonstrated to promote the
proliferation of prostate cancer cells (45). Introduction of an
adenovirus vector harboring p27 noticeably reduced the size
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of human prostate cancer xenograft tumors (45) and p21 is an
established tumor suppressor gene involved in human prostate
cancer development (46). The present study demonstrated that
miR-129 overexpression in PC-3 and DU-145 prostate cancer
cell lines was associated with a reduction in the expression
of cell cycle-associated proteins cyclin E and cyclin D1, and
an increase in the expression of CDK inhibitors p21 and
p27. These results indicate that miR-129 exerts an inhibi-
tory effect on the growth of prostate cancer cells, potentially
via a direct repressive effect on cell cycle progression. This
suggests a mechanism whereby downregulation of miR-129
may contribute to the growth of malignant prostate cancer.
However, future studies regarding the role of miR-129 in the
migration and invasion of tumors in nude mice, as well as their
underlying molecular mechanisms, are required.

In conclusion, the results of the present study demonstrated
that low miR-129 expression may serve a integral role in the
progression of prostate cancer, and was significantly associated
with poor prognosis independently of other factors in prostate
cancer. These results raise the possibility that miR-129 may be
a useful prognostic parameter for prostate cancer, and may be
considered as a novel molecular target for the diagnosis and
treatment of prostate cancer.
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