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Abstract. Prostate carcinoma is a global health problem and 
is estimated to be diagnosed in 1.1 million men/year, making 
this malignancy the second most frequently diagnosed cancer 
in males worldwide. micro RNAs (miRNAs) are small 
non‑coding RNAs that negatively regulate gene expression at 
the post‑transcriptional level. miRNAs contribute to cancer 
development and progression, and are expressed differently in 
normal tissues and cancers. In the present study, the biological 
function of miR‑106a in the human prostate carcinoma and 
the associated regulatory mechanisms were investigated. 
miR‑106a was significantly upregulated in human prostate 
cancer tissues when compared with normal tissues (P<0.05), 
and the overexpression of miR‑106a was identified to promote 
PC‑3 cell growth. Additionally, miRNA‑106a inhibition 
significantly suppressed PC‑3 cell growth. Furthermore, it was 
observed that the phosphatase and tensin homolog (PTEN) 
expression level was negatively associated with miR‑106a 
expression level, and miRNA‑106a directly targeted PTEN 
in the PC‑3 cells. PTEN overexpression has a similar effect 
on PC‑3 cell growth as loss of miR‑106a. Taken together, the 
results of the present study indicate that upregulated miR‑106a 
regulates PC‑3 cell proliferation through PTEN. These results 
suggest that appropriate manipulation of miR‑106a may 
provide a novel strategy in the future treatment of human 
prostate cancer.

Introduction

Prostate carcinoma is currently one of the most common 
types of non‑cutaneous cancer among males and its incidence 

increases with age. The diagnosis and staging of this cancer 
has attracted a great deal of public interest. Significant 
advances in its treatment have been made recently; however, 
there are limitations regarding the screening tools used for 
this cancer (1). Therefore, it is imperative to identify novel 
potential biomarkers for the diagnosis and prevention of the 
induction and progression of prostate carcinoma.

Biomarkers serve an essential role in the detection and 
treatment of disease. A biomarker is a characteristic that is 
capable of being measured in a laboratory/clinical setting, is 
associated with the pathological process, and has diagnostic 
and prognostic utility (2). If the disease is diagnosed in the early 
stages, the therapeutic success rates for patients with prostate 
carcinoma are substantially improved. Therefore, a successful 
therapy for this disease depends on the biomarkers for detec-
tion of the presence and progression of the disease. However, 
the current biomarkers for prostate carcinoma are not ideal (3). 
Previously, microRNAs (miRNAs) have exhibited potential as 
biomarkers in prostate cancer (4). The aberrant regulation of 
miRNAs has long been recognized as one of the mechanisms 
that contribute to numerous types of tumors, including pros-
tate cancer (5). miRNAs are non‑coding small RNAs of 19‑25 
nucleotides in length that regulate mRNA expression primarily 
by binding to the complementary sequences in the 3'‑untrans-
lated region (3'‑UTR) (6). miRNAs have been demonstrated 
to serve essential roles in cancer research including tumor 
growth, invasion and metastasis (7,8). MiR‑26a and miR‑26b 
have been demonstrated to inhibit cell aggressiveness by 
regulating fucosyltransferase 4 in colorectal cancer  (9). In 
solid tumors, the expression of miRNAs has been identified 
to be dysregulated and the alternation of miRNA expression 
is causatively associated with the development of cancer (10). 
Although much is known about the profiles of miRNAs in 
numerous tumors and tissues, the function of miRNAs in 
prostate cancer has not yet been completely elucidated.

The phosphatase and tensin homolog (PTEN) gene was 
initially identified as a tumor suppressor (11,12). Recently, 
PTEN has been verified as a functional target of various 
miRNAs and has served different biological functions in 
different type of cancers (13). It has been reported that miR‑21 
regulated growth and metastasis in non‑small cell lung cancer 
cells by targeting PTEN (14). Additionally, miR‑32 has been 
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identified to promote growth, migration, and invasion via 
PTEN in colorectal carcinoma cells (15). However, the role of 
PTEN is not fully understood in prostate carcinoma.

Herein, the present study demonstrates that miR‑106a is 
significantly upregulated in prostate cancer tumors, with 
functional studies indicating that miR‑106a promotes PC‑3 
cell growth via PTEN. PTEN may potentially be exploited in 
a therapeutic approach to prostate carcinoma.

Materials and methods

Cell culture and tumor tissues. The PC‑3 cell line is consid-
ered to be a classical human prostate cancer cell line for the 
study of human prostate cancer (16). The PC‑3 cell line was 
purchased from the American Tissue Culture Collection 
(ATCC; Manassas, VA, USA) and cultured according to 
the supplier's recommendations. Cells were cultured in a 
ATCC‑formulated F‑12K medium and supplemented with 
10% fetal bovine serum (FBS) (Atlanta Biologicals, Flowery 
Branch, GA, USA), 100 U/ml penicillin, and 100 mg/ml strep-
tomycin (Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) 
at 37˚C in a humidified atmosphere with 5% CO2. 

Prostate cancer and noncancerous prostate tissues were 
obtained from the tissue bank of The First Hospital of Jilin 
University (Changchun, China). The age in the cancer group 
ranged between 49 and 80 years with a median age of 69 years. 
In the noncancerous group, the age ranged between 50 and 
76 years, with a median age of 65 years. Tissues were collected 
between June 2014 and June 2016, and frozen in liquid nitrogen 
immediately after mincing (cutting into small pieces) on ice 
and were then stored at ‑80˚C until subsequent analysis. All 
patients were male. There was no inclusion/exclusion criterion 
for patient selection in the present study. Written informed 
consent was acquired from all patients, and ethical approval 
was obtained from Institutional Review Board of The First 
Hospital of Jilin University.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA from tissues and cells were isolated 
by a TRIzol reagent (Invitrogen; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) according to the manufacturer's 
protocol. Residual RNAs were reverse transcribed into cDNA 
with M‑MLV reverse transcriptase (Thermo Fisher Scientific, 
Inc.). Briefly, the following components were added to a 
nuclease‑free microcentrifuge tube: Oligo (dT) (500 µg/ml) 
(1 µl), total RNA (1 µg), 10 mM dNTP mix (1 µl) and distilled 
water to 12 µl. The mixture was heated to 65˚C for 5 min 
and chilled on ice (0˚C). Subsequently, the 5X first‑strand 
buffer (4 µl), 0.1 M DTT (2 µl) and distilled water (1 µl) were 
added into the tube. Following a brief centrifugation (1 min at 
1,000 x g, at room temperature), the mixture was incubated at 
37˚C for 2 min. Following the addition of M‑MLV reverse tran-
scriptase (1 µl), the mixture was incubated at 37˚C for 50 min. 
The reaction was inactivated by heating at 70˚C for 15 min. All 
components were purchased from Thermo Fisher Scientific. 
The residual DNA was removed by DNA‑free DNase (Thermo 
Fisher Scientific, Inc.). For mature miRNA determination in 
tissues and cells, the TaqMan microRNA assay was performed 
in accordance with the instruction of the TaqMan microRNA 
reverse transcription kit (Thermo Fisher Scientific, Inc.). 

For specific gene quantitation, RNAs were reverse tran-
scribed into cDNA with M‑MLV reverse transcriptase (Gibco; 
Thermo Fisher Scientific, Inc.). The Taqman RT‑qPCR 
was used for PTEN gene expression analysis. GAPDH was 
used as a reference gene to normalization (17). All specific 
Taqman probes are commercially available from Applied 
Biosystems (Thermo Fisher Scientific, Inc.; PTEN cat no. 
Hs02621230_s1 and GAPDH cat no. Hs02786624_g1). All 
assays were performed in triplicate on an ABI 7500 system 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The 
thermocycling conditions were as follows: Hold stage, 95˚C for 
20 sec; PCR stage, 95˚C for 1 sec, 60˚C for 20 sec for 1 cycle, 
40 cycles total. The data are presented as the mean ± standard 
error of the mean (SE) (n=3).

Transfection of microRNA mimic.  A total of 50 nM miR‑106a 
mimic or miRNA vector control (miR‑con) were reverse trans-
fected in to PC‑3 cells by Lipofectamine RNAiMAX (Thermo 
Fisher Scientific, Inc.) as described by the study protocol of 
Reid et al (18). miR‑106a mimic and miR‑con were purchased 
from Shanghai GenePharma Co., Ltd. (Shanghai, China). The 
miR‑106a mimic sequence was as follows: 5'‑GAU​GGA​CGU​
GAC​AUU​CGU​GAA​AA‑3'. After 48 h transfection, the cells 
were available for subsequent assays.

3'‑UTR dual luciferase assay. PC‑3 cells were seeded in 
a 96‑well plate at a density of 2x104 cells/well. The cells 
were co‑transfected with 100 ng miR‑106 mimic (Shanghai 
GenePharma Co., Ltd.) and 10 ng PTEN 3'‑UTR luciferase 
reporter construct (GeneCopoeia, Inc., Rockville, MD, 
USA) with Lipofectamine® 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.). The empty vector was used as a control (VC). 
The dual‑luciferase activities were measured after 24 h in 
accordance with the instructions of the Duo‑Luciferase kit 2.0 
(GeneCopoeia, Inc.). Results were normalized by comparison 
with a Renilla luciferase activity.

miR‑106a inhibition. Inhibition of miR‑106a expression was 
performed by a method previously described (19). Briefly, 
60 nM antisense inhibitor miR‑106a or scrambled control anti-
sense inhibitor (GE Healthcare Dharmacon, Inc., Lafayette, CO, 
USA) were transfected into PC‑3 cells (2x104 cells/well) using 
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). Cells were harvested for subsequent experimentation 
after 48 h incubation.

PTEN overexpression. For the PTEN overexpression, a PTEN 
lentiviral system (lenti‑PTEN) was used to stably overexpress 
PTEN in PC‑3 cells. Lentiviral control vector (lenti‑Con) was 
used as a negative control. These are commercially avail-
able from Applied Biological Materials Inc., (Richmond, 
Canada). PC‑3 cells were seeded into a 24 well plate 
(at 0.5x105 cells/well). The next day, PC‑3 cells were infected 
with lenti‑PTEN or lenti‑Con at a multiplicity of infection of 
10 using polybrene (8 µg/ml; Thermo Fisher Scientific, Inc.) 
for 24 h. Subsequently, the culture medium was replaced with 
1 ml complete medium (ATCC‑formulated F‑12K medium 
and supplemented with 10% FBS, 100 U/ml penicillin, and 
100 mg/ml streptomycin). The cells were incubated at 37˚C 
with 5% CO2 overnight for subsequent assays.
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Western blotting. Cells were lysed in RIPA Lysis and Extraction 
buffer (Thermo Fisher Scientific, Inc.), and protein concentra-
tions were determined using a DC Protein Assay kit (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA). A total of 15 µg protein 
from PC‑3 cells were separated using 4‑20% gradient SDS‑PAGE 
(Invitrogen; Thermo Fisher Scientific, Inc.). Afterwards, the gel 
was electrophoretically transferred onto a polyvinylidene difluo-
ride membrane and the membranes were incubated with the 
PTEN primary antibody at 4˚C overnight (cat no. ab31392; 1:500 
dilution; Abcam, Cambridge, MA, USA). Secondary antibodies 
(Goat anti‑rabbit antibody conjugated to horseradish peroxidase; 
cat no. 1662408EDU; 1:1,000 dilution; Bio‑Rad Laboratories, 
Inc.) were added on the next day after washing three times with 
TBST, 5 min each. After 2 h incubation at room temperature, 
the proteins were visualized using enhanced chemiluminescence 
(SuperSignal™ West Femto Maximum Sensitivity Substrate; 
Thermo Fisher Scientific, Inc.) and GAPDH (cat no. ab9485; 
1:500 dilution; Abcam) from the same membrane was used as a 
loading control. All experiments were repeated three times.

Cell proliferation assay. CyQuant assay (CyQUANT™ Cell 
Proliferation Assay kit; Thermo Fisher Scientific, Inc.), a 
fluorescence‑based microplate assay, was used to determine 
cell growth according to the manufacturer's protocol. Briefly, 
5x103 PC‑3 cells/well were seeded in a 96‑well tissue culture 
plate in 100  µl media/well. The CyQuant solution was 
prepared immediately prior to use at indicated time points. 
Following the removal of media, 100 µl of CyQuant solution 
was added to the wells and incubated in the dark for 45 min at 
room temperature. The plate was read at excitation at 497 nm 
and emission at 520 nm. Data was presented as the mean ± SE 
of three independent experiments.

Statistical analysis. GraphPad Prism (version 6.07 for 
Windows; Graphpad Software, Inc., La Jolla, CA, USA) was 
used to analyze data. Data are presented as means ± SE. An 
unpaired Student's t‑test was used for comparison between 
two groups and one‑way analysis of variance test followed 
by Tukey's multiple comparison test was used to compare the 
significance of differences between the means of multiple 
groups. IBM SPSS Statistics 21 (IBM Corp., Armonk, NY, 
USA) was used for statistical analysis. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Levels of miR‑106a are upregulated in tumor tissues. Of 
microarray preliminary studies in the screening of miRNAs 
from tumor tissues (14 cases) versus noncancerous prostate 
tissues (18 cases), miR‑106a was identified to have a 1.8‑fold 
upregulation in prostate tumors, which is considered signifi-
cant (data not shown). In the present study, mature miR‑106a 
levels in prostatic tumors and normal tissues were compared 
using RT‑qPCR. As shown in Fig. 1, there was a significantly 
increased expression of miR‑106a in tumor samples when 
compared with normal tissues, suggesting that miR‑106a may 
be responsible for the progression of prostate carcinoma.

miR‑106a promotes cell growth in  vitro. To decipher the 
functional effects of miR‑106a, a synthetic miR‑106a mimic 

was transfected into PC‑3 cells, and the miR‑106a expression 
level following transfection was determined to be significantly 
increased compared with the wild‑type and VC control groups 
(Fig. 2A). As shown in Fig. 2B, the miR‑106a mimic signifi-
cantly promoted cell growth in PC‑3 cells compared with a 
control mimic, which did not affect growth. To further confirm 
these results, a reverse study was performed to confirm the 
role of miR‑106a in the PC‑3 cells following the inhibition of 
miR‑106a. Transfection of miR‑106a antisense inhibitor into 
PC‑3 cells produced an ~70% decrease in miR‑106a levels as 
measured by RT‑qPCR compared with the scrambled control 
(Fig. 2C). As shown in Fig. 2D, the miR‑106a inhibitor signifi-
cantly suppressed PC‑3 cell growth, which is in line with the 
effects observed following overexpression of miR‑106 in PC‑3 
cells. Therefore, the next step was to evaluate the potential 
mechanisms of miR‑106a on cell proliferation.

PTEN expression is repressed by miR‑106a. A previous study 
identified an association between miR‑106a and PTEN (20). To 
determine whether the cell growth promotive effects observed 
with miR‑106a in PC‑3 cells was also associated with the 
downregulation of PTEN, the expression of PTEN mRNA in 
tumor and normal tissues was analyzed. PTEN mRNA levels 
were demonstrated to be significantly decreased in the tumor 
tissues in comparison with normal tissues (Fig. 3A). 

To further confirm this observation, PC‑3 cells were 
co‑transfected with the PTEN 3'‑UTR luciferase reporter and 
miR‑106a or miR‑con. The results revealed that miR‑106a 
significantly repressed the activity of PTEN compared with 
the miR‑con (Fig. 3B).

PTEN overexpression suppressed cell growth in vitro. To 
assess whether PTEN overexpression caused a similar 
response in PC‑3 cell growth as was caused by miR‑106a 
downregulation, PTEN was stably overexpressed in PC‑3 
cells. PTEN was overexpressed by lentiviral‑PTEN. 
Lentiviral‑PTEN significantly increased the mRNA and 

Figure 1. Reverse transcription‑quantitative polymerase chain reaction 
analysis of miR‑106a in normal tissues (n=18) and human prostate tumor 
tissues (n=14). Data are shown as mean ± standard error, *P<0.05 vs. normal 
tissues. miR, microRNA.
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Figure 2. Effect of miR‑106a on cell growth of PC‑3 cells. (A) PC‑3 cells were transfected with miR‑106a mimic or VC. miR‑106a expression level was 
determined by RT‑qPCR. Data were expressed as the fold change relative to WT cells (n=3). (B) PC‑3 cells were transfected with miR‑106a mimic or VC were 
seeded in a 96‑well plate to monitor cell proliferation. Data are expressed as relative fold change compared with day 0.  Data was shown as mean ± SE, *P<0.05 
vs. WT (n=3); **P<0.05 vs. VT (n=3). (C) miR‑106a inhibition level was determined using RT‑qPCR. Data are expressed as the fold change relative to WT cells 
(n=3). (D) The effect of miR‑106a inhibition on cell proliferation was determined by CyQaunt assay. Data are expressed as relative fold change compared with 
day 0. Data are shown as mean ± standard error. *P<0.05 vs. WT (n=3); **P<0.05 vs. Scrambled control (n=3). RT‑qPCR, reverse transcription‑quantitative 
polymerase chain reaction; VC, vector control; WT, wild type; miR, microRNA.

Figure 3. PTEN was repressed by miR‑106a (A) PTEN mRNA levels were determined by reverse transcription quantitative polymerase chain reaction analysis 
in tissue samples. *P<0.05 vs. Normal tissues; (B) PC‑3 cells were co‑transfected with PTEN 3'‑UTR or VC with miR‑106a or miR‑con. The result was 
expressed as a ratio of a given condition to VC + miR‑con. Data are shown as mean ± standard error, *P<0.05 vs. miR‑con (n=3). PTEN, phosphate and tensin 
homolog; VC, vector control; 3'‑UTR, 3'‑untranslated region; con, control; miR, microRNA.

Figure 4. Effect of PTEN overexpression on cell proliferation of PC‑3 cells. (A) Reverse transcription quantitative polymerase chain reaction and (B) Western 
blot analysis were employed to analyze PTEN mRNA and protein levels following overexpression of PTEN. GAPDH was used as a loading control. *P<0.05 vs. 
lenti‑con (n=3). (C) Cell proliferation of PC‑3 cells was determined following the overexpression of PTEN. Data are expressed as relative fold change compared 
with day 0. Data are shown as mean ± SE, *P<0.05 vs. WT; **P<0.05 vs. lenti‑con (n=3). PTEN, phosphate and tensin homolog; WT, wild type; con, control.
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protein expression of PTEN (Fig. 4A and B). The overexpres-
sion of PTEN was observed to significantly repress PC‑3 cell 
growth, which was consistent with the effects of miR‑106a 
inhibition (Fig. 4C). This data suggests that miR‑106a regu-
lates prostate carcinoma progression through the involvement 
of PTEN. 

Discussion

The expression and roles of miRNAs are tissue and cell 
specific. Dysregulated expression of miRNAs is a well‑recog-
nized feature of cancer. The expression and functions of 
miRNAs in the progression of prostate carcinoma are not 
fully characterized or completely understood. In the present 
study, miR‑106a was observed to be significantly upregulated 
in prostate cancer tissues. Furthermore, increased expression 
of miR‑106a significantly enhanced PC‑3 cell proliferation, 
and loss of miR‑106a repressed PC‑3 cell proliferation. In 
addition, the present study also identified that PTEN miRNA 
and protein levels are negatively associated with miR‑106a 
expression. Furthermore, PTEN overexpression significantly 
suppressed PC‑3 cell growth in vitro. Therefore, these data 
suggested that miR‑106a contributes to the prostate carcinoma 
progression with PTEN involvement and miR‑106a may be a 
promising biological biomarker for prostate carcinoma.

miRNAs have previously exhibited promising results as 
potential circulating biomarkers in prostate cancer (4). miR‑125 
has been identified to interact with the apoptotic signaling 
pathway in prostate cells by targeting P53, P21 and Puma (21). 
miR‑21 has been demonstrated to stimulate apoptosis through 
the P53 pathway via targeting programmed cell death 4 
and PTEN  (22,23). Furthermore, downregulated miR‑221 
enhanced the androgen‑independent tumor growth and trig-
gered a more aggressive prostate cancer phenotype  (24). 
miR‑106a has been demonstrated to serve an oncogenic role 
in pancreatic cancer (25). miR‑106a was also identified to be 
upregulated in the prostate cancer group (4,10). In the present 
study, miR‑106a expression was identified to be upregulated 
in prostate tumor and that an increased miR‑106a level was 
associated with the promotion of PC‑3 cell growth. 

PTEN is well established as a key positive and negative 
regulator, and as a mediator of cell growth, survival and 
proliferation. Additionally, PTEN is one of the most frequently 
disrupted tumor suppressors in cancer (26‑30). Loss of PTEN 
cooperates with aberrant ETS transcription factor expression to 
promote cancer progression in the prostate (31). Furthermore, 
PTEN has been demonstrated as a prognostic marker for 
patients with non‑small cell lung cancer  (32). However, 
the association of PTEN and miR‑106a remains unclear in 
prostate carcinoma progression. In the present study, PTEN 
expression was demonstrated to be decreased in prostate tumor 
samples. Additionally, PTEN mRNA and protein expression 
were increased following stable overexpression by lentiviral 
transfection. Furthermore, PTEN overexpression repressed 
PC‑3 cell growth, similar to the effects observed following 
miR‑106a inhibition. However, the data was derived from a 
small patient cohort. The present study generated a hypothesis 
that miR‑106a promotes prostate cancer cell growth through 
regulating PTEN; however, further validation with larger 
datasets is necessary.

In conclusion, the present study has demonstrated that 
miR‑106a regulates prostate carcinoma progression with PTEN 
involvement. The effects of miR‑106a on cell proliferation may 
unveil its contribution to prostate cancer development, and as a 
result, miR‑106a may be used as a potential therapeutic target 
for prostate cancer.
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