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Abstract. The global incidence of prostate cancer (PCa) 
has been increasing in recent years. Meanwhile, some 
studies have indicated the association between malig‑
nancies, such as lung and gastric cancer and PCa, and 
microRNAs  (miRNAs). The present study was designed 
to assess the prognostic value of miR‑92b‑3p in patients 
with PCa and further investigate the biological function of 
miR‑92b‑3p. Real‑time quantitative polymerase chain reac‑
tion was used to estimate the expression of miR‑92b‑3p in 
PCa tissues and cell lines compared with normal tissues and 
cells. Kaplan‑Meier method was used to analyze the overall 
survival rate of patients with PCa. A Cox regression analysis 
was used to verify the prognostic value of miR‑92b‑3p. The 
biological function of miR‑92b‑3p was investigated using 
cell experiments. The findings of the present study revealed 
the upregulated expression of miR‑92b‑3p in PCa tissues 
and cells compared with normal tissues and cells. The over‑
expression of miR‑92b‑3p was significantly associated with 
the distant metastasis status and Tumor‑Node‑Metastasis 
stage of patients with PCa and predicted poor prognosis 
of PCa. In addition, the cell experiment results indicated 
that miR‑92b‑3p overexpression in PCa cells promoted cell 
proliferation, migration and invasion. The present study 
revealed that the overexpression of miR‑92b‑3p predicted 
poor prognosis in patients with PCa. Decreased expression 
of miR‑92b‑3p can suppress PCa cell proliferation, migra‑
tion and invasion, which indicated that miR‑92b‑3p may 
function as an oncogene and serve as a novel therapeutic 
target for PCa.

Introduction

Prostate cancer (PCa) is the second most frequent malignancy 
found in men worldwide (1). There were 1.1 million new cases 
of PCa in 2012, accounting for 15% of male cancers (2). The 
incidence of PCa has been increasing worldwide in recent 
years, particularly in Asian countries, such as China, Japan, 
Korea and Indian (3). Statistical data indicates that PCa is the 
sixth leading cause of cancer‑related deaths that occur in men, 
with an estimated 307,000 deaths in 2015, which accounted 
for 6.6% of total male cancer‑associated mortality (4,5). There 
are some risk factors which may lead to PCa, such as obesity, 
smoking, alcohol consumption, a vasectomy and diet  (6). 
Currently, early diagnosis and efficient treatment remain 
obstacles in PCa, owing to the unspecific clinical symp‑
toms and complex disease pathogenesis (7). Although some 
advances have been made in tumor therapeutic strategies, 
such as surgery, chemotherapy and radiotherapy, the prognosis 
in patients with PCa remains poor (8). In addition, majority 
of patients with PCa suffer from severe pain, fractures and 
abnormal urination, which seriously reduce the quality of life 
of the patients (9). Therefore, it is necessary to develop novel 
reliable therapeutic strategies to improve the treatment of PCa.

MicroRNAs (miRNAs) are a group of non‑coding small 
RNAs, approximately 18‑22 nucleotides in length, that are 
involved in numerous important cell processes, such as 
cell proliferation, migration, invasion, differentiation and 
apoptosis  (10). miRNAs can directly bind the 3'‑untrans‑
lated region of target genes leading to inhibition in gene 
expression (11). Emerging studies report that miRNAs serve 
important regulatory roles in tumor progression making them 
potential therapeutic targets in various human cancers, such 
as lung and liver cancer  (12,13). Notably, some aberrantly 
expressed miRNAs have also been detected in PCa, such as 
miR‑215‑5p (14) and miR‑145 (15), which participate in disease 
pathogenesis and are associated with the prognosis of PCa. 
miR‑92b‑3p has been investigated in some human malignan‑
cies in previous studies. For instance, Long et al (16) indicated 
that miR‑92b‑3p acted as a tumor suppressor in pancreatic 
cancer by targeting Gabra3‑associated oncogenic pathways. 
Notably, a study by Ma et al  (17) found an overexpression 
of miR‑92b‑3p in PCa cell lines, which was associated with 
PCa metastasis, but this study did not investigate the clinical 
significance and biological function of miR‑92b‑3p in PCa.
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To further improve PCa therapy, the present study aimed 
to detect the expression of miR‑92b‑3p in PCa tissues and cell 
lines and evaluate the clinical significance of miR‑92b‑3p. 
In addition, the biological function of miR‑92b‑3p was also 
investigated using gain‑ and loss‑of‑function experiments 
in PCa cells. The findings of the present study may provide 
a novel biomarker to predict PCa prognosis and a potential 
therapeutic target for improving the treatment of PCa.

Materials and methods

Patients and tissue collection. A total of 108 patients (average 
age of 66.7±9.1 years) who had been pathologically diagnosed 
as PCa in Shengli Oilfield Central Hospital (Dongying, China) 
from June 2010 to May 2013 were enrolled in the present 
study. PCa tissues and adjacent normal tissues (>2‑cm from 
the edge of tumor) were obtained during resection and imme‑
diately stored in liquid nitrogen at ‑80˚C for further use. The 
patients were enrolled in accordance with the following inclu‑
sion criteria: i) The tumor tissues were histopathologically 
diagnosed with PCa; ii) none of the patients had received any 
antitumor therapy prior to surgery; iii) the age range of the 
patients was 18‑75 years; iv) had complete demographic and 
clinical data; and v) signed informed consent for the use of 
clinical samples and data. In addition, the following exclusion 
criteria were used: i) Cases with serious heart, liver, respira‑
tory and kidney diseases; ii) cases with an age <18 or >75; 
and iii)  cases that had incomplete clinical data or had no 
follow‑up information. The collected PCa tissues were graded 
according to the Gleason grading system (18). In addition, 
the Tumor‑Node‑Metastasis (TNM) stage of the PCa tissues 
was determined using the criteria of the American Joint 
Committee on Cancer classification (19). In order to record the 
survival status of the patients, a 5‑year follow‑up survey was 
conducted, and each patient was followed up once a month 
by telephone. Among the 108 patients with PCa, 59 cases 
received antiandrogen therapy (flutamide) after surgery and 
54 patients developed androgen‑independent PCa. All patients 
had signed an informed consent form and the protocol of 
this study received approval from the Ethics Committee of 
Shengli Oilfield Central Hospital (Dongying, China; approval 
no. SLYTh100219).

Cell culture and transfection. Four PCa cell lines DU145, 
LNCaP, VCaP, 22Rv1 and one human prostate epithelial cell 
line RWPE1 were purchased from the Type Culture Collection 
of the Chinese Academy of Sciences. The PCa cells were 
cultured in RPMI‑1640 medium (BioTek China) supplemented 
with 10% fetal bovine serum (FBS; Thermo Fisher Scientific 
Inc.). RWPE1 cells were cultured in K‑SMF medium (Gibco; 
Thermo Fisher Scientific Inc.) containing 5 ng/l epidermal 
growth factor (Gibco; Thermo  Fisher Scientific Inc.) and 
50 µg/ml bovine pituitary extract (Invitrogen; Thermo Fisher 
Scientific Inc.). All cells were maintained at 37˚C in a humidi‑
fied incubator with 5% CO2.

Cell lines LNCaP and DU145 were selected to perform the 
transfection experiments due to significantly higher expres‑
sion of miR‑92b‑3p in the two cell lines compared with the 
normal cells. To regulate the expression of miR‑92b‑3p, 50 nM 
of miR‑92b‑3p mimic and mimic negative control (NC), and 

100 nM of miR‑92b‑3p inhibitor and inhibitor NC were synthe‑
sized by Guangzhou RiboBio Co., Ltd.. The above sequences 
were separately transfected into PCa cells using Lipofectamine 
2000® (Invitrogen; Thermo Fisher Scientific Inc.) at 37˚C 
following the manufacturer's instructions. Untransfected cells 
were used as controls. The sequences of transfection vectors 
were as follows: miR‑92b‑3p Mimic 5'‑UAU​UGC​ACU​UGU​
CCC​GGC​CUG​U‑3'; mimic NC 5'‑UUC​UCC​GAA​CGU​GUC​
ACG​U‑3'; miR‑92b‑3p inhibitor 5'‑ACA​GGC​CGG​GAC​AAG​
UGC​AAU​A‑3'; inhibitor NC 5'‑CAG​UAC​UUU​UGU​GUA​
GUA​CAA‑3'. After 48 h of cell transfection, the subsequent 
cell experiments were performed.

RNA extraction and real‑time quantitative (RT‑q)PCR. Total 
RNA from the PCa tissues and all cell lines were extracted by 
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific 
Inc.) according to the manufacturer's instructions. cDNA 
synthesis was performed using the PrimeScript RT reagent 
kit (Takara Bio Inc.) according to the manufacturer's instruc‑
tions. The expression of miR‑92b‑3p was assessed using 
RT‑qPCR, which was performed with the SYBR Green  I 
Master Mix kit (Invitrogen; Thermo Fisher Scientific Inc.) 
on a 7500  Real‑Time PCR System (Applied Biosystems; 
Thermo Fisher Scientific Inc.) with following thermocycling 
conditions: 95˚C For 10 min and 40 cycles of 95˚C for 20 sec, 
58˚C for 15 sec, 72˚C for 20 sec. U6 was used as an internal 
control and the 2‑ΔΔCq method (20) was used to calculate the 
final expression level of miR‑92b‑3p. The sequences of primers 
used were as follows: miR‑92b‑3p forward 5'‑GCC​GAG​TAT​
TGC​ACT​TGT​CC‑3', miR‑92b‑3p reverse 5'‑CTC​AAC​TGG​
TGT​CGT​GGA‑3'; U6 forward 5'‑CTC​GCT​TCG​GCA​GCA​
CA‑3', U6 reverse 5'‑AA​CGC​TTC​ACG​AAT​TTG​CGT‑3'.

Cell proliferation assay. DU145 and LNCaP cells were selected 
to perform the cell experiments following transfection with 
miR‑92b‑3p mimic, miR‑92b‑3p inhibitor or NCs as afore‑
mentioned. After the cells grew into a stable phase, they were 
seeded in 96‑well plates at a density of 5x103 cells/well and 
cell proliferation was assessed using the MTT assay. The cells 
were incubated at 37˚C for 3 days and 10 µl MTT (5 mg/ml; 
Sigma‑Aldrich; Merck KGaA) was added every 24 h followed 
by subsequent 4 h incubation at 37˚C. Subsequently, 150 µl of 
DMSO was added to each well and the absorbance of cells was 
measured using a microplate reader at 570 nm.

Cell migration and invasion assays. PCa cell migration and 
invasion abilities were measured using Transwell chambers 
(Corning Inc.). Membranes were precoated with Matrigel 
at 37˚C for 6 h for invasion assay. Serum free RPMI‑1640 
medium without any drug treatment was added to the upper 
chambers and the lower chambers were filled with RPMI‑1640 
medium supplemented with 10% FBS. DU145 and LNCaP 
cells (5x105 cells/well) were seeded in the upper chambers. 
Following 48 h incubation at 37˚C, the cells in the lower cham‑
bers were stained using 0.2% crystal violet for 10 min at room 
temperature and counted under an inverted light microscope 
(Olympus Corporation) with a magnification of x200.

Statistical analysis. Data in the present study was analyzed 
using SPSS 21.0 software (IBM Corp.) and GraphPad Prism 7.0 



ONCOLOGY LETTERS  21:  4,  2021 3

software (GraphPad Software, Inc.) and were expressed as 
mean ± SD. Each experiment was repeated at least three times. 
A Chi‑square test was performed to analyze the association 
between miR‑92b‑3p and the clinicopathological characteris‑
tics of patients with PCa. The differences between groups were 
assessed using a paired Student's t‑test or one‑way ANOVA 
followed by a post  hoc Tukey's test. The Kaplan‑Meier 
method was used to generate the survival curves of patients 
with PCa and the differences between survival curves were 
analyzed using the log‑rank test. The prognostic significance 
of miR‑92b‑3p was evaluated using Cox regression analysis. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

miR‑92b‑3p is upregulated in PCa tissues and cell lines. As 
shown in Fig. 1A, the expression of miR‑92b‑3p in PCa tissues 
was significantly upregulated compared to adjacent normal 
tissues (P<0.001). Upregulated expression of miR‑92b‑3p was 
also found in PCa cell lines compared with normal human 
prostate epithelial cells (P<0.01 or P<0.001; Fig. 1B).

Association of miR‑92b‑3p with clinicopathological charac‑
teristics of patients with PCa. Since miR‑92b‑3p was found 
to be upregulated in PCa tissues and cells, it was hypoth‑
esized that miR‑92b‑3p may be related to PCa development. 
Therefore, the association between miR‑92b‑3p expression 
and clinicopathological characteristics of patients with PCa 
were investigated. For this analysis, patients with PCa were 
divided into a low miR‑92b‑3p expression group (n=50) and 
high miR‑92b‑3p expression group (n=58) based on the mean 
expression value (1.824). The data were analyzed using a 

Chi‑square test and presented in Table I. The expression of 
miR‑92b‑3p was associated with prostate‑specific antigen 
(PSA), bone metastasis, Gleason score and TNM stage (all 
P<0.05; Table I). However, no relationship was found between 
miR‑92b‑3p and age (P>0.05; Table I).

Relationship between miR‑92b‑3p and overall survival 
of patients with PCa. Kaplan‑Meier curves revealed that 
patients with higher miR‑92b‑3p expression had a shorter 
overall survival rate compared with those with lower 
miR‑92b‑3p expression (log‑rank P=0.022; Fig. 2A). In addi‑
tion, the predictive value of miR‑92b‑3p for the prognosis of 
patients with PCa with different status of bone metastasis was 
evaluated. As shown in Fig. 2B and C, patients with PCa with 
high expression of miR‑92b‑3p had a shorter survival rate 
under both negative and positive metastasis status compared 

Table I. Association of miR‑92b‑3p expression and clinicopathological features of 108 patients with PCa.

	 miR‑92b‑3p expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Features	 Category	 Total patients	 Low, n=50	 High, n=58	 P‑value

Age, years					     0.685
	 <60	 41	 20	 21	
	 ≥60	 67	 30	 37	
PSA, ng/ml					     0.009
	 <10	 34	 22	 12	
	 ≥10	 74	 28	 46	
Bone metastasis					     0.033
	 Negative	 55	 31	 24	
	 Positive	 53	 19	 34	
Gleason score					     0.001
	 ≤7	 59	 36	 23	
	 >7	 49	 14	 35	
TNM stage					     0.015
	 I‑II	 47	 28	 19	
	 III‑IV	 61	 22	 39	

PSA, prostate‑specific antigen; TNM, tumor‑node‑metastasis; PCa, prostate cancer.

Table II. Multivariate analysis for overall survival of patients 
with PCa using the Cox regression model.

Variables	 HR	 95% CI	 P‑value

Age	 1.431	 0.589‑3.425	 0.421
PSA	 1.715	 0.845‑3.503	 0.140
Bone metastasis	 1.985	 1.018‑3.742	 0.049
Gleason score	 2.161	 1.069‑4.370	 0.032
TNM stage	 2.085	 1.042‑4.185	 0.040
miR‑92b‑3p	 2.346	 1.185‑5.276	 0.025

PSA, prostate‑specific antigen; TNM, tumor‑node‑metastasis; PCa, 
prostate cancer; HR, hazard ratio; CI, confidence interval.
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with those patients with low levels of miR‑92b‑3p, and high 
miR‑92b‑3p expression in patients with positive bone metas‑
tasis was significantly associated with poor overall survival 
(log‑rank P=0.036; Fig.  2C). However, the difference of 
survival time between high and low miR‑92b‑3p groups was 
not statistically significant in patients with negative bone 
metastasis (log‑rank P=0.154; Fig. 2B). Furthermore, the 
Cox regression analysis data revealed that the overexpres‑
sion of miR‑92b‑3p was an independent prognostic factor for 
the overall survival rate of patients with PCa [hazard ratio 
(HR)=2.346; 95%  confidence interval (CI)=1.185‑5.276; 
P‑value=0.025; Table II].

Overexpression of miR‑92b‑3p promotes PCa cell prolif‑
eration. To further investigate the biological function of 
miR‑92b‑3p in PCa cells, cell experiments were conducted. 
Cell lines DU‑145 and LNCaP were included in cell transfec‑
tion as they had significantly high miR‑92b‑3p expression 
compared with the normal cell line RWPE1. The expression of 
miR‑92b‑3p was dramatically higher in cells transfected with 
miR‑92b‑3p mimic, while it was dramatically lower in cells 
transfected with miR‑92b‑3p inhibitor compared with the cells 
in control group (all P<0.001; Fig. 3A and B). Using the MTT 
assay, it was found that the overexpression of miR‑92b‑3p 
promoted tumor cell proliferation, whereas downregulation 
of miR‑92b‑3p inhibited the cell proliferation of DU‑145 and 
LNCaP cells (all P<0.05; Fig. 3C and D).

Overexpression of miR‑92b‑3p promotes cell migration and 
invasion of PCa cells. Subsequently, Transwell chambers were 
used to measure the migration and invasion abilities of DU‑145 
and LNCaP cells. The migration ability of PCa cells was 
promoted by miR‑92b‑3p expression overexpression, while 
was inhibited by the downregulation of miR‑92b‑3p (P<0.05 
or P<0.01; Fig. 4A). As for the invasion ability, we found that 
the overexpression of miR‑92b‑3p significantly boosted PCa 
cell invasion, while the downregulation of miR‑92b‑3p signifi‑
cantly reduced PCa cell invasion (all P<0.05; Fig. 4B).

Discussion

There is growing evidence that indicates that miRNAs, 
which can transmit signals and regulate intracellular gene 
expression, serve important roles in tumor development and 
progression (21). Additionally, some studies have also found 
that miRNAs serve as tumor suppressors or oncogenes 
involved in tumor progression (22,23). For example, a study by 
Wang et al (24) revealed that miR‑66a‑3p expression in gastric 
cancer tissues and cells was upregulated, which may function 
as an oncogene by targeting the Hippo pathway. Additionally, 
miR‑506 was downregulated in cervical cancer tissues, which 
further showed that miR‑506 was able to suppress tumor cell 
proliferation and can serve as a novel therapeutic target of 
cervical cancer (25). Similarly, in PCa tissues, some miRNAs 
with ectopic expression have also been found. For instance, 

Figure 2. Survival analysis of patients with PCa using the Kaplan‑Meier method. (A) High miR‑92b‑3p expression was associated with shorter overall survival 
time in PCa patients (log‑rank P=0.022). (B) Patients without bone metastasis had poor survival when the expression of miR‑92b‑3p was high, but the 
difference had no statistical significance (log‑rank P=0.154). (C) In patients with bone metastasis, high miR‑92b‑3p was associated with poor overall survival 
(P=0.036). PCa, prostate cancer; miRNA, microRNA.

Figure 1. Expression of miR‑92b‑3p in patients with PCA and PCA cell lines. (A) Expression of miR‑92b‑3p in PCa tumor tissues was higher compared with 
that in adjacent normal tissues (the differences between the two groups were assessed using Student's t‑test). (B) PCa cell lines had elevated miR‑92b‑3p 
expression compared with normal cells. **P<0.01; ***P<0.001. PCa, prostrate cancer; miRNA, microRNA.
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a study by Zhang  et al  (26) found that downregulation of 
miR‑410‑3p can accelerate PCa cell apoptosis and suppress 
cell proliferation, migration and epithelial‑mesenchymal 
transition progress and exert oncogenic functions by downreg‑
ulating PTEN. A study also showed that the downregulation 
of miR‑375 presented better discriminating performance 
compared with prostate‑specific antigen indicating that 
miR‑375 had stronger diagnostic accuracy and can be used as 
a non‑invasive biomarker for PCa screening (27). The afore‑
mentioned studies demonstrated the importance of identifying 

novel miRNAs that affect tumor progression to improve the 
treatment of PCa.

The present study focused on the expression and functional 
role of miR‑92b‑3p in PCa. miR‑92b‑3p has been previously 
investigated in some cancers. For example, the overexpression 
of miR‑92b‑3p was detected in gastric cancer SGC‑7901 cells, 
which inhibited SGC‑7901 cell proliferation, migration and 
invasion via downregulating matrix metalloproteinase‑2/9 
expression and targeting homeobox D10 (28). Another study by 
Gong et al (29) revealed that miR‑92b‑3p inhibition prevented 

Figure 3. Regulatory effect of miR‑92b‑3p on cell proliferation of DU145 and LNCaP cells. (A and B) Expression of miR‑92b‑3p was upregulated by the 
miR‑92b‑3p mimic, but was downregulated by the miR‑92b‑3p inhibitor compared with cells in the control group. (C and D) Overexpression of miR‑92b‑3p 
in PCa cells led to increased cell proliferation, while the downregulation of miR‑92b‑3p inhibited cell proliferation. *P<0.05, ***P<0.001 compared with the 
untransfected control group. PCa, prostate cancer; miRNA, microRNA; OD, optical density; NC, negative control.

Figure 4. miR‑92b‑3p accelerated PCa cell migration and invasion abilities in DU145 and LNCaP cells. (A) PCa cell migration was enhanced by the overex‑
pression of miR‑92b‑3p, but was inhibited by the silencing of miR‑92b‑3p. (B) The cell invasion was promoted in PCa cells with overexpression of miR‑92b‑3p, 
but was suppressed in cells with decreased miR‑92b‑3p. *P<0.05 and **P<0.01 compared with untransfected control group. PCa, prostate cancer; miRNA, 
microRNA; NC, negative control.
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colorectal carcinoma cell proliferation, invasion, and migration 
by upregulating F‑box with WD repeated domain‑containing 7 
(FBXW7). Notably, a previous study by Ma et al has reported 
miR‑92b‑3p was deregulated in PCa cells and this may be 
related with chemoresistance of tumor cells (17). Nevertheless, 
the expression of miR‑92b‑3p in PCa tissues and its clinical and 
functional role in PCa progression remain largely elusive. In 
the present study, miR‑92b‑3p was upregulated in PCa tissues 
and cell lines compared with normal tissues and normal cells, 
and the expression of miR‑92b‑3p was associated with PSA, 
bone metastasis, TNM stage and Gleason score of patients with 
PCa, which suggested that miR‑92b‑3p might be involved in 
PCa development. In addition, the recorded 5‑year follow‑up 
survival information analyzed by Kaplan‑Meier survival curves 
demonstrated that the patients with higher miR‑92b‑3p expres‑
sion had shorter overall survival rates compared with those 
patients with lower miR‑92b‑3p levels. Besides, in patients 
with PCA who had positive bone metastasis, high levels of 
miR‑92b‑3p were also associated with shorter overall survival 
time when compared to patients with low levels of miR‑92b‑3p. 
Although the survival time in patients without bone metastasis 
was also shorter when they had high expression of miR‑92b‑3p, 
but the difference did not reach statistically significance, which 
may due to the limited sample size. In addition, Cox regression 
analysis further revealed that miR‑92b‑3p was an independent 
prognostic factor for PCa. According to these findings of the 
present study, miR‑92b‑3p may serve as a biomarker for PCa 
prognosis.

A number of studies have provided evidence for the 
therapeutic potential of miRNAs in a wide variety of human 
cancers, including PCa  (30,31). The proposed functional 
miRNAs exert therapeutic potential by regulating tumor cell 
biological processes, such as cell proliferation, migration and 
invasion (32). Thus, cell experiments were conducted in the 
present study to investigate the functional role of miR‑92b‑3p 
in PCa progression. The expression of miR‑92b‑3p was 
regulated by miR‑92b‑3p mimic or inhibitor following trans‑
fection. The MTT assay findings of the present study revealed 
that the overexpression of miR‑92b‑3p promoted cell prolif‑
eration, migration and invasion, while the downregulation 
of miR‑92b‑3p led to opposite results, which suggested that 
miR‑92b‑3p may function as an oncogene in PCa progression. 
The oncogenic role of miR‑92b‑3p has also been demonstrated 
in other malignancies, such as colorectal carcinoma and 
gastric cancer (28,29). FBXW7 has been identified as a tumor 
suppressor in the progression of non‑small cell lung carci‑
noma (NSCLC), and was related with the chemoresistance of 
NSCLC (33,34). Whether miR‑92b‑3p could regulate FBXW7 
in NSCLC is unclear, and whether miR‑92b‑3p could be 
involved in the chemoresistance of NSCLC through targeting 
FBXW7 is also uncertain.

There were some limitations to the present study. First, the 
sample size was relatively small, which may limit the accuracy 
of analysis results, such as the Kaplan‑Meier survival analysis 
for patients with PCa without bone metastasis. Second, 
although the potential target genes of miR‑92b‑3p were identi‑
fied, the exact target of miR‑92b‑3p in PCa was not explored. 
Thus, the results and conclusion should be confirmed and 
improved by further studies with a larger study population and 
mechanism‑related investigations.

In conclusion, the present study found that miR‑92b‑3p 
was upregulated in PCa tissues and cells compared with 
normal controls. The overexpression of miR‑92b‑3p 
predicted poor prognosis of patients with PCa and can be used 
as an independent prognostic biomarker. Downregulation 
of miR‑92b‑3p is able to suppress cell proliferation, migra‑
tion and invasion of PCa cells. Based on these findings, 
miR‑92b‑3p may act as a potential therapeutic target for 
patients with PCa.
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