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Abstract. Prostate cancer places a serious health burden on 
males. The present study aimed to explore the potential prognostic 
significance and biological function of microRNA (miR)‑339‑5p 
in patients with prostate cancer. The expression of miR‑339‑5p 
was detected in prostate cancer tissues and cell lines by using 
reverse transcription‑quantitative PCR. Kaplan‑Meier survival 
curves and Cox regression analyses were used to investigate the 
prognostic significance of miR‑339‑5p in prostate cancer. The 
Cell Counting Kit‑8 assay was used to determine the effect of 
miR‑339‑5p on prostate cancer cell proliferation. Transwell 
assays were used to assess the effect of miR‑339‑5p on cell migra‑
tion and invasion. The results indicated that the expression of 
miR‑339‑5p was downregulated in prostate cancer tissues and cell 
lines. Downregulation of miR‑339‑5p was significantly associated 
with the Gleason score, lymph node metastasis and TNM stage. 
Patients with high miR‑339‑5p expression levels had a longer 
survival time than those with low expression levels. Multivariate 
Cox regression analysis indicated that miR‑339‑5p may be an 
independent prognostic factor for the overall survival of patients 
with prostate cancer. Overexpression of miR‑339‑5p inhibited 
the proliferation, migration and invasion of prostate cancer cells. 
Taken together, these results indicated that miR‑339‑5p functions 
as a suppressor gene in prostate cancer and acts by inhibiting 
cell proliferation, migration and invasion of prostate cancer cells. 
miR‑339‑5p may serve as an independent prognostic biomarker 
and therapeutic target for the treatment of prostate cancer.

Introduction

Prostate cancer is one of the most common male malignan‑
cies worldwide and it has a high incidence in developed 

countries (1). The incidence varies among countries due to 
differences in the coverage of diagnostic procedures [such 
as prostate‑specific antigen (PSA) screening and suspicious 
digital rectal examination] for prostate cancer detection, which 
has been identified as a potential influencing factor  (2,3). 
Although the incidence rate of prostate cancer in Eastern 
Asia, including China, is lower than that in North America 
and Western Europe, patients in China have a lower overall 
survival rate than those in developed countries  (4‑6). For 
patients with located prostate cancer, radical prostatectomy 
is the most advanced therapeutic option, but there is still a 
certain risk of recurrence within 5 years (7). Furthermore, 
although patients initially diagnosed with prostate cancer at 
an early stage have a relatively longer overall survival time, 
numerous patients are diagnosed at an advanced stage and 
usually have an unsatisfactory prognosis  (8,9). Given the 
increased incidence of prostate cancer and its poor prognosis 
at advanced stages, the identification of further biomarkers 
and therapeutic targets is still required.

MicroRNAs (miRNAs/miRs) are a class of small 
single‑stranded non‑coding RNAs (approximately 19‑25 nucle‑
otides in length) that are able to negatively regulate target 
gene expression at the posttranscriptional level by binding to 
the 3'‑untranslated region of their target gene (10). Numerous 
studies have demonstrated that miRNAs are involved in diverse 
biological processes, including cell proliferation, apoptosis, 
migration, invasion and differentiation  (11‑13). Aberrant 
expression of miRNAs has been detected in various cancer 
types and may have the potential to be used as diagnostic or 
prognostic biomarkers and therapeutic targets for cancer treat‑
ment (14‑16). miR‑339‑5p was reported to be associated with the 
diagnosis and prognosis of various cancer types, such as breast 
cancer (17) and colorectal cancer (18). In prostate cancer, circu‑
lating miR‑339‑5p may serve as a novel noninvasive biomarker 
for high‑grade prostate cancer detection (19). However, the 
role of miR‑339‑5p in prostate cancer has remained to be fully 
elucidated.

In the present study, the expression pattern of miR‑339‑5p 
was detected in prostate cancer tissues and cell lines. The 
prognostic significance of miR‑339‑5p was assessed in pros‑
tate cancer patients. In addition, the effects of miR‑339‑5p 
on the biological behaviors of prostate cancer cells were 
demonstrated.
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Materials and methods

Patients, tissue specimen collection and follow‑up. A total 
of 122 patients with prostate cancer (age range, 36‑85 years; 
mean age, 60 years) who underwent radical resection surgery 
between January 2010 and June 2013 at Ningbo No. 2 Hospital 
(Ningbo, China) were included in the present study. The 
prostate cancer tissue and matched adjacent normal tissue 
specimens (at least 1 cm from the tumor and was confirmed 
as normal tissues by histopathological examination) were 
collected during surgery and immediately preserved in liquid 
nitrogen. The inclusion criteria include: i) All of the specimens 
were verified by experienced pathologists and ii) none of the 
patients received any therapy prior to surgery. The exclusion 
criteria include: i) Recurrent patients with prostate cancer; 
ii) combined with other types of malignant tumor; iii) patients 
with severe liver and kidney dysfunction; iv) patients with 
incomplete clinical information; and v) patients who are not 
convenient to accept follow‑up examinations. The present 
study was approved by the Ethics Committee of Ningbo 
No. 2 Hospital (Ningbo, China). All of the patients provided 
written informed consent. The detailed clinicopathological 
characteristics of the patients are listed in Table I. The survival 
information of the patient over a 5‑year follow‑up was collected 
for the subsequent survival analysis.

Cell lines and transfection. The normal human prostate 
epithelial cell line (RWPE‑1) and three prostate cancer cell 
lines (LNCaP, PC‑3 and DU145) were purchased from the Cell 
Bank of the Chinese Academy of Sciences. PC‑3 and DU145 
cells were incubated in Ham's F12 medium (Hyclone; Cytiva) 
supplemented with 10% FBS (Invitrogen; Thermo Fisher 
Scientific, Inc.). RWPE‑1 and LNCaP were cultured in RPMI 
1640 medium (Hyclone; Cytiva) supplemented with 10% FBS 
(Invitrogen; Thermo Fisher Scientific, Inc.). All cells were 
incubated in a humidified atmosphere with 5% CO2 at 37˚C.

For cell transfection, cells were seeded in 6‑well plates 
and cultured until the cells reached 60‑80% confluency within 
24 h. miR‑339‑5p mimics (5'‑UCC​CUG​UCC​UCC​AGG​AGC​
UCA​CG‑3'), mimics negative control (mimics NC; 5'‑UUC​
UCC​GAA​CGU​GUC​ACG​UTT‑3'), miR‑339‑5p inhibitor 
(5'‑CGU​GAG​CUC​CUG​GAG​GAC​AGG​GA‑3') and inhibitor 
NC (5'‑CAG​UAC​UUU​UGU​GUA​GUA​CAA‑3') were synthe‑
sized by and purchased from GenePharma. The cells were 
transfected with 50 nM miR‑339‑5p mimics, 50 nM mimics 
NC, 100 nM miR‑339‑5p inhibitor or 100 nM inhibitor NC 
using Lipofectamine 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) following the manufacturer's protocol. The 
cells treated with only the transfection reagents were used as a 
mock‑transfected group.

RNA extraction and reverse transcription‑quantitative (RT‑q) 
PCR. Total RNA extraction was performed using TRIzol 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Prior to 
cDNA synthesis, the quality of the RNA was confirmed by 
measuring the absorbance at 260 and 280 nm using a NanoDrop 
ND‑1000 (Peqlab). Subsequently, total RNA was reverse tran‑
scribed into cDNA using the Transcriptor First Strand cDNA 
Synthesis kit (Roche Diagnostics GmbH) for 30 min at 42˚C 
and 5 min at 85˚C according to the manufacturer's protocols. 

For miR‑339‑5p detection, qPCR was performed on an ABI 
7500 system (Applied Biosystems; Thermo Fisher Scientific, 
Inc.) using SYBR Green (Takara Biotechnology Co., Ltd.) 
with normalization to U6 expression. The following thermocy‑
cling conditions were used for the qPCR: Initial denaturation 
at 95˚C for 3 min, followed by 35 cycles of denaturation at 95˚C 
for 30 sec, annealing at 58˚C for 15 sec and extension at 72˚C 
for 30  sec. The following primer pairs were used for the 
qPCR: miR‑339‑5p forward, 5'‑GCC​GAG​TCC​CTG​TCC​TCC​
AGG‑3' and reverse, 5'‑CTC​AAC​TGG​TGT​CGT​GGA‑3' and 
U6 forward, 5'‑GCT​TCG​GCA​GCA​CAT​ATA​CTAAAAT‑3' 
and reverse, 5'‑CGC​TTC​ACG​AAT​TTG​CGT​GTC​AT‑3'. The 
relative expression levels of miR‑339‑5p were determined with 
the 2‑ΔΔCq method (20).

Cell proliferation assay. Cell Counting Kit‑8 (CCK‑8; 
Donjindo Molecular Technologies, Inc.) assay was performed 
to examine the effects of miR‑339‑5p on the proliferation of 
prostate cancer cells. The transfected cells were seeded in 
96‑well plates (Corning, Inc.) at 3x103 per well. After culture 
for 0, 24, 48 and 72 h, 10 µl CCK‑8 reagent was added to each 
well and the cells were incubated for further 2 h. A spectro‑
photometer (Multiskan MK3; Thermo Fisher Scientific, Inc.) 
was used to measure the absorbance value at 450 nm.

Cell migration and invasion assays. Cell migration and inva‑
sion assays were performed using a Transwell chamber (8.0‑µm 
pores; EMD Millipore). For the invasion assays, the upper cham‑
bers were pre‑coated with Matrigel (BD Biosciences), while this 
was not performed for the migration assays. Transfected cells 
were seeded in the upper chamber in a suspension in serum‑free 
medium at  5x104  cells/well. The lower chamber contained 
500 µl medium with 10% FBS as a chemoattractant. Following 
incubation at 37˚C for 24 h, the cells that remained on the upper 
side of the membrane were wiped away with a cotton bud and 
cancer cells that migrated or invaded to the lower chamber were 
stained with 0.1% crystal violet for 30 min at 37˚C. Images of 
the cells (magnification, x200) were captured and counted using 
an optical microscope (Olympus Corporation).

Statistical analysis. Statistical analysis was performed using 
SPSS 20.0 software (IBM Corp.) and GraphPad Prism 5.0 
(GraphPad, Inc.). Values are expressed as the mean ± standard 
deviation. Statistical comparisons were performed using the 
χ2 test, paired Student's t‑test or one‑way analysis of variance 
followed by Tukey's post‑hoc test. The Kaplan‑Meier method 
and the log‑rank test were used to estimate the effect of the 
levels of miR‑339‑5p on the survival of patients with pros‑
tate cancer. Multivariate Cox regression analysis was used 
to predict the potential risk prognostic factors. P<0.05 was 
considered to indicate statistical significance.

Results

miR‑339‑5p is downregulated in prostate cancer tissues and 
cell lines. The expression levels of miR‑339‑5p in prostate 
cancer tissues and cell lines were detected using RT‑qPCR. 
As presented in Fig. 1A, the expression of miR‑339‑5p was 
significantly decreased in tumor tissues as compared with that 
in their adjacent paired normal tissues (P<0.001). Furthermore, 
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the expression of miR‑339‑5p was downregulated in prostate 
cancer cell lines as compared with that in the normal cell line 
RWPE‑1 (P<0.01; Fig. 1B).

Association between miR‑339‑5p expression and clinical 
characteristics of patients with prostate cancer. Next, the 
association between miR‑339‑5p expression and the clinical 
characteristics of patients with prostate cancer was further 
analyzed. The patients were classified into a low miR‑339‑5p 
expression group (n=68) and a high miR‑339‑5p expres‑
sion group (n=54), using the mean value of miR‑339‑5p 
expression as the cut‑off value. As indicated in Table I, the 
expression of miR‑339‑5p was significantly associated with the 

Gleason score (P=0.045), lymph node metastasis (P=0.005) 
and TNM stage (P=0.002). By contrast, no significant asso‑
ciation was obtained between miR‑339‑5p expression and any 
other factors assessed, including patient age, PSA levels and 
degree of differentiation (P>0.05).

Association of miR‑339‑5p with the prognosis of patients 
with prostate cancer. Kaplan‑Meier survival curve and 
multivariate Cox regression analyses of the expression levels 
of miR‑339‑5p and overall survival information of patients 
with prostate cancer were used to explore the prognostic value 
of miR‑339‑5p in prostate cancer. The results indicated that 
patients with high expression levels of miR‑339‑5p had longer 

Figure 1. miR‑339‑5p is decreased in prostate cancer tissues and cell lines. (A) The expression of miR‑339‑5p in tumor tissues and adjacent normal tissues of 
prostate cancer patients. (B) The expression of miR‑339‑5p in prostate cancer cell lines (PC‑3, DU145 and LNCaP) and a normal cell line (RWPE‑1). **P<0.01, 
***P<0.001. miR, microRNA.

Table I. Association between miR‑339‑5p expression and clinical characteristics of prostate cancer patients.

	 miR‑339‑5p expression
	---------------------------------------------------------------------------
Parameters	 Cases (n=122)	 Low (n=68)	 High (n=54)	 P‑value

Age (years)				    0.628
  <60	 64	 37	 27	
  ≥60	 58	 31	 27	
PSA (ng/ml)				    0.102
  <10	 71	 44	 27	
  ≥10	 51	 24	 27	
Differentiation				    0.575
  Well/moderate	 78	 42	 36	
  Poor	 44	 26	 18	
Gleason score				    0.045
  ≤7	 69	 33	 36	
  >7	 53	 35	 18	
Lymph node metastasis				    0.005
  Negative	 71	 32	 39	
  Positive	 51	 36	 15	
TNM stage				    0.002
  I‑II	 67	 29	 38	
  III‑IV	 55	 39	 16	

PSA, prostate‑specific antigen; miR, microRNA.
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survival times compared with those with low expression levels 
(log‑rank P=0.007; Fig. 2). In addition, all factors were included 
in multivariate Cox regression analysis and the results indi‑
cated that the TNM stage [hazard ratio (HR)=2.656, 95%CI: 
1.112‑6.345, P=0.028] and miR‑339‑5p expression (HR=2.848, 
95%CI: 1.156‑7.016, P=0.023) were independent prognostic 
factors for overall survival (Table II).

Effects of miR‑339‑5p on cell proliferation, migration and 
invasion. To determine the biological roles of miR‑339‑5p 
in prostate cancer, the effects of miR‑339‑5p expression on 
prostate cancer cell proliferation, migration and invasion 
were investigated using transfected PC‑3 and DU145 cells, 
which were determined to have a relatively lower miR‑339‑5p 
expression. The efficiency of overexpression and knockdown 
was confirmed by RT‑qPCR. The results in Fig. 3A indicated 
that the transfection of miR‑339‑5p mimics significantly 
increased the expression of miR‑339‑5p, while the transfection 

of miR‑339‑5p inhibitor markedly decreased the expression 
of miR‑339‑5p (P<0.001). The CCK‑8 assay was then used 
to explore the effect of miR‑339‑5p on cell proliferation. The 
results indicated that the proliferation rate of miR‑339‑5p‑over‑
expressing cells was significantly decreased, while that of 
miR‑339‑5p‑knockdown cells was significantly increased 
as compared with mock and corresponding NC groups 
(P<0.05; Fig. 3B). Transwell migration and invasion assays 
indicated that overexpression of miR‑339‑5p by transfection of 
miR‑339‑5p mimics significantly inhibited the cell migration 
and invasion of PC‑3 and DU145 cells, while knockdown of 
miR‑339‑5p by miR‑339‑5p inhibitor promoted cell migration 
and invasion (P<0.001; Fig. 4A and B). Representative images 
for the migration and invasion assays are provided in Fig. S1.

Discussion

Prostate cancer remains a significant health burden in males 
worldwide. Despite the progressive advances in therapeutic 
approaches and the fact that most prostate cancer patients do 
not die of the primary tumor, a number of patients eventu‑
ally experience recurrence, leading to accelerated disease 
progression and death (21). Distant metastasis, particularly 
bone metastasis, is a frequent characteristic of patients who 
die of prostate cancer (22,23). In recent decades, an increasing 
number of molecular markers, including miRNAs, have 
been studied as potential biomarkers of disease formation 
and progression in various cancer types (24). For instance, 
miR‑206 and miR‑104 are aberrantly expressed in breast 
cancer and may serve as an important indicator of the prog‑
nosis of affected patients (25). miR‑29a was reported to be 
expressed at low levels in cervical cancer and to have a role of 
suppressing migration and invasion by targeting sirtuin 1, and 
downregulation of miR‑29a was associated with poor outcome 
in patients cervical cancer (26).

Predicting patient prognosis is an important aspect of 
clinical prostate cancer treatment. Therefore, several studies 
have been established to identify differential miRNA 
expression patterns in prostate cancer tissue for predicting 
the risk of developing aggressive prostate cancer  (27,28). 
Numerous studies have demonstrated that miR‑339‑5p is 
aberrantly expressed and associated with the prognosis of 

Table II. Multivariate Cox regression analysis for miR‑339‑5p in patients with prostate cancer.

	 Multivariate analysis
	 ----------------------------------------------------------------------------------------------------------------------------------------------------------------------
Characteristics	 HR	 95%CI	 P‑value

miR‑339‑5p	 2.848	 1.156‑7.016	 0.023
Age	 1.256	 0.607‑2.599	 0.539
PSA	 0.572	 0.273‑1.197	 0.138
Differentiation	 2.126	 0.780‑5.789	 0.140
Gleason score	 0.559	 0.266‑1.177	 0.126
Lymph node metastasis	 2.392	 0.994‑5.755	 0.051
TNM stage	 2.656	 1.112‑6.345	 0.028

PSA, prostate‑specific antigen; miR, microRNA; HR, hazard ratio.
 

Figure 2. Kaplan‑Meier survival analysis reveals that prostate cancer patients 
with low expression of miR‑339‑5p have poor overall survival rates. Log‑rank 
test P=0.007. +, censored data‑points. miR, microRNA; Cum, cumulative.
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Figure 3. Effects of miR‑339‑5p on the proliferation of prostate cancer cell lines (PC‑3 and DU145). (A) The expression of miR‑339‑5p was significantly 
increased by the miR‑339‑5p mimics but was suppressed by the miR‑339‑5p inhibitor, compared to the mock and corresponding NC group. (B) Overexpression 
of miR‑339‑5p suppressed cell proliferation, while downregulation of miR‑339‑5p promoted cell proliferation, as compared with that in the mock and corre‑
sponding NC group. *P<0.05, **P<0.01, ***P<0.001. miR, microRNA; NC, negative control; OD, optical density.

Figure 4. Effects of miR‑339‑5p on the migration and invasion of prostate cancer cell lines (PC‑3 and DU145). (A) Upregulation of miR‑339‑5p inhibited 
prostate cancer cell migration, while downregulation of miR‑339‑5p promoted cell migration. (B) Cell invasive capacities were inhibited by the overexpression 
of miR‑339‑5p but were promoted by the inhibition of miR‑339‑5p in prostate cancer cells, as compared with those in the mock and corresponding NC group. 
***P<0.001. miR, microRNA; NC, negative control.
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several types of cancer (17,29). For instance, miR‑339‑5p 
is downregulated in hepatocellular carcinoma, suggesting 
that it has a tumor suppressor role, and it may serve as a 
prognostic marker and molecular therapeutic target in this 
type of malignancy (30). To investigate the clinical role of 
miR‑339‑5p in prostate cancer, its expression patterns in 
tissues and its prognostic significance were investigated 
in patients with prostate cancer in the present study. First, 
the expression of miR‑339‑5p was detected in prostate 
cancer tissues and cell lines. The results indicated that 
miR‑339‑5p was significantly downregulated in surgically 
excised prostate cancer tissues and cell lines compared with 
normal controls. Next, the association between miR‑339‑5p 
expression and the clinical characteristics of prostate cancer 
patients was analyzed. The expression of miR‑339‑5p was 
significantly associated with lymph node metastasis and 
TNM stage. These results suggested that miR‑339‑5p has 
a tumor suppressor role in prostate cancer and its down‑
regulation is involved in the progression of this malignancy. 
Furthermore, the prognostic significance of miR‑339‑5p in 
prostate cancer was investigated using Kaplan‑Meier curve 
and Cox regression analyses. The results indicated that low 
expression of miR‑339‑5p was associated with a shorter 
overall survival rate in patients with prostate cancer and 
that miR‑339‑5p expression was an independent prognostic 
factor in affected patients.

Previous studies confirmed that miR‑339‑5p has the role 
of a tumor suppressor in various cancer types (31‑33). For 
instance, miR‑339‑5p functions as a tumor suppressor and 
inhibits colorectal cancer cell growth and metastasis by 
targeting phosphatases of regenerating liver‑1, suggesting 
that miR‑339‑5p may be a novel potential therapeutic target 
for colorectal cancer (34). In the present study, to explore 
the biological function of miR‑339‑5p in the progression 
of prostate cancer, loss‑ and gain‑of‑function experiments 
were performed to investigate the effect of miR‑339‑5p on 
the proliferation, migration and invasion of prostate cancer 
cell lines. Regarding cellular functions, overexpression of 
miR‑339‑5p suppressed tumor cell proliferation, migration 
and invasion in vitro. These results indicate that miR‑339‑5p 
expression may be involved in the development and progres‑
sion of prostate cancer. Numerous studies have indicated that 
miR‑339‑5p has an important role in the development and 
tumorigenesis of several types of cancers by regulating the 
expression of target genes, including Cdc25A (35), BCL6 (36) 
and SOX4 (37). In acute myeloid leukemia, miR‑339‑5p also 
functions as a tumor suppressor and inhibits cell proliferation 
by targeting SOX4 (37). SOX4 has been reported to be upregu‑
lated in different cancer types and act as an oncogene through 
promoting tumor progression (38,39). A previous study has 
reported that SOX4 was upregulated and involved in the 
progression of prostate cancer, and may serve as a potential 
therapeutic target in prostate cancer (40). Therefore, it may be 
speculated that miR‑339‑5p may also suppress prostate cancer 
cell proliferation, migration and invasion by targeting SOX4. 
However, whether miR‑339‑5p serves as a tumor suppressor 
in prostate cancer by targeting SOX4 or other target genes and 
the precise molecular mechanisms of miR‑339‑5p still require 
to be confirmed in further studies. In addition, the detailed 
function of miR‑339‑5p on cell proliferation and growth, 

as well as metastasis, will be examined in future molecular 
mechanistic studies.

Taken together, the present study demonstrated that 
miR‑339‑5p is downregulated in prostate cancer tissues and 
cell lines and suppresses prostate cancer cell proliferation, 
migration and invasion in vitro, suggesting that miR‑339‑5p 
may be an independent prognostic biomarker and therapeutic 
target for prostate cancer.
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