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Abstract. The dysregulation of miR‑126 has been reported 
to correlate with the progression of several cancer types. The 
present study demonstrated that miR‑126 was significantly 
downregulated in prostate cancer (PCa) tissues compared with 
normal prostate tissues. In vitro and in vivo studies indicated 
that forced overexpression of miR‑126 significantly suppressed 
the proliferation of PCa cell lines. Additionally, a Transwell 
assay showed that enhanced expression of miR‑126 inhibited 
metastasis in PCa in vitro. Furthermore, pik3r2 was confirmed 
to be a direct target of miR‑126 in PCa. It was also shown 
that pik3r2 was upregulated in PCa tissues and this inversely 
correlated with miR‑126 in PCa tissues. In conclusion, these 
results revealed that aberrant expression of miR‑126 promoted 
the progression of PCa and may serve as a novel therapeutic 
biomarker for PCa.

Introduction

Prostate cancer (PCa) is one of the most frequently diagnosed 
and mortality‑associated cancer types in men, particularly in 
western countries (1). The morbidity and mortality of PCa are 
markedly increasing in China in previous years (2). Although 
patients with localized PCa are reported to have a survival rate 
of >5 years (3,4), it is hypothesized that few effective thera-
peutic options are effective for advanced PCa, even if applying 
advanced therapeutic strategies. A previous study demon-
strated that in the USA, there were an estimated 240,000 new 
cases and 33,000 deaths in 2011, predominantly due to its 
high potential for tumor progression (5). Molecular strategies 
for the diagnosis and treatment of cancer have been devel-
oping (6,7). Therefore, the detection of efficient diagnostic 
and prognostic biomarkers for PCa is becoming extremely 

necessary for the improvement of the clinical outcome of 
patients with this disease. Micro (mi)RNAs are a class of short 
(19‑22 nucleotides), non‑coding RNA sequences, which nega-
tively regulate their target genes post‑transcriptionally (8). 
There are two ways in which miRNAs regulate their target 
genes, by either promoting mRNA degradation or repressing 
protein translation through sequence‑specific interaction with 
the 3'‑untranslated region of targeted mRNA (9,10). Previous 
studies have shown that deregulation of miRNAs is closely 
associated with the process of tumor progression, including 
inhibiting apoptosis (11), promoting proliferation (12), inva-
sion (13) and angiogenesis  (14). In PCa, it is reported that 
deregulation of miRNAs are vital in the initiation and progres-
sion of PCa, including miR‑361‑5p (15) and miR‑26a (16). To 
date, miR‑126 has been demonstrated to be downregulated in 
several cancer types, including cervical (17) and colon (18). A 
previous study revealed that the expression level of miR‑126 is 
significantly decreased in PCa tissues and the expression of 
miR‑126 is an independent prognostic factor of PCa following 
radical prostatectomy (19). In the present study, the under-
lying mechanism of miR‑126 in mediating PCa progression 
was the primary focus. In vitro investigations showed that 
miR‑126  markedly suppressed the ability of PCa cells to 
invade extracellular matrix gel and proliferate. Furthermore, 
the data indicated that pik3r2 was a direct target of miR‑126 in 
PCa cells. In clinical tissues, it was also confirmed that the 
expression of miR‑126 and pik3r2 were inversely correlated. 
Additionally, in vivo experiments revealed that miR‑126 had an 
obvious antiproliferative effect. These findings highlighted the 
important functions of miR‑126 in PCa initiation and progres-
sion, and therefore, miR‑126 may be a promising therapeutic 
molecular target for PCa.

Materials and methods

Patients and samples. PCa tissues enrolled in the present 
study were obtained from 20 patients who underwent radical 
prostatectomy and had not received any previous treatment in 
our center (The Second Xiangya Hospital of Central South 
University, Changsha, China). For frozen specimens, surgical 
pathologists examined the clinicopathological features of 
freshly frozen sections following staining with hematoxylin 
and eosin and subsequently the samples were snap frozen in 
liquid nitrogen. Only those samples with >70% tumor content 
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were included in the present study. The present study was 
approved by the Ethics Committee of The Second Xiangya 
Hospital of Central South University (no. S048, 2013) and were 
performed after obtaining written informed consent from each 
of the patients.

RNA preparation and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). The total RNA was extracted 
from tissues or cells using TRIzol reagent (Invitrogen; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA), according to the 
manufacturer's protocol. A total of 2 µg RNA was transcribed 
into cDNA using MMLV reverse transcriptase (Invitrogen; 
Thermo Fisher Scientific, Inc.) for mRNA and an RT‑PCR kit 
(RR716, Takara Bio Inc., Otsu, Japan) for miRNA. All qPCR 
reactions were performed with an ABI7500fast system (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). The primers for 
miR‑126 and RNU6B were purchased from Takara Bio Inc. 
The sequences of the other primers were as follows: Pik3r2, 
forward: 5'‑ATG​GCA​CCT​TCC​TAG​TCC​GAGA‑3' and reverse: 
5'‑CTC​TGA​GAA​GCC​ATA​GTG​CCCA‑3'; GAPDH, forward: 
5'‑GTC​TCC​TCT​GAC​TTC​AAC​AGCG‑3' and reverse: 5'‑ACC​
ACC​CTG​TTG​CTG​TAG​CCAA‑3'; and TGC​GGG​TGC​TCG​
TTC​GGC​AGC and the Universal Primer (Takara Bio, Inc.) for 
RNU6B. GAPDH and RNU6B were used as internal controls.

Cell culture. Human DU145, PC‑3 and 293T PCa cell lines 
were purchased from the Shanghai Institute of Cell Biology 
(Shanghai, China). The DU‑145 and PC‑3 cells were cultured 
in RPMI‑1640  medium (Hyclone, Logan, UT, USA) and 
the 293T cells were cultured in Dulbecco's modified Eagle's 
medium (Hyclone). Each culture medium was supplemented 
with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher 
Scientific, Inc.) and the cells were maintained at 37˚C in a 
humidified environment, containing 5% CO2.

Oligonucleotides and cell transfection. miR‑126 mimics and 
its negative control (NC) were designed and chemically synthe-
sized by GenePharma (Shanghai, China). For transfection, the 
cells were plated into 6‑well plates with 2.5x104 cells/well. 
Once the cells were 30‑50% confluent, miR‑126 mimics or 
NC, accompanied with Lipofectamine  2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) were transfected into the PCa 
cells. The medium was changed following a 24 h incubation.

Cell proliferation assay. The DU145  and PC‑3  cells 
were seeded and transfected in  6‑well plates with 
2.5x104  cells/well, and were subsequently transferred 
into 96‑well plates with 3,000 cells/well 24 h following the 
transfection. The proliferation of the cells was detected using 
a Cell Counting kit‑8 reagent (Dojindo Laboratories, Kyushu 
Island, Japan), according to the manufacturer's protocol. The 
relative numbers of viable cells were represented by the absor-
bance at a wavelength of 450 nm following 24, 48 and 72 h 
incubation in 96‑well plates (UV‑6100; Shanghai Mapada 
Instruments, Co., Ltd., Shanghai, China). The experiments 
were performed in triplicate.

Migration and invasion assays of PCa cells. The migration and 
invasion of PCa cells were analyzed in 24‑well Boyden cham-
bers with 8 µm pore size polycarbonate membranes (Corning, 

Inc., Corning, NY, USA). A total of 4x104 transfected cells were 
suspended in the upper chamber with serum‑free medium, 
while the lower chamber was filled with 10% FBS‑containing 
medium. In the invasion assays, the membranes were covered 
with Matrigel (BD Biosciences, San Diego, CA, USA) to form 
matrix barriers. Following incubation for 30 (migration assay) 
or 48 h (invasion assay), the cells on the upper surface were 
removed by wiping with a cotton swab and the cells on the 
lower surface of the membrane were fixed in methanol, stained 
with 0.1% crystal violet (Sigma‑Aldrich, St. Louis, MO, USA) 
and counted. The experiments were repeated independently 
three times.

Plasmid construction and luciferase reporter assay. The 
binding site of miR‑126 and pik3r2 was predicted by TargetScan 
(www.targetscan.org) and miRanda (www.microrna.org). 
To form a wild‑type luciferase reporter plasmid of pik3r2 
(Guangzhou RiboBio Co., Ltd., Guangzhou, China), the 
binding segment was chemosynthesized, amplified and cloned 
into the firefly luciferase reporter plasmid. The binding site 
was subsequently altered to form a mutant type luciferase 
reporter plasmid of pik3r2.

For luciferase assay, the  293T  cells were seeded 
into 24‑well plates and were co‑transfected with miR‑126 or 
NC, and wild‑type or mutant‑type pik3r2 plasmid. Following 
incubation for 48 h, the luciferase activity was measured by 
dual‑luciferase assays (E2920; Promega, Madison, WI, USA).

Immunohistochemistry and western blot t ing. The 
paraffin‑embedded tissues were assessed by immunohis-
tochemistry, or the proteins of cells were extracted using 
radioimmunoprecipitation buffer for western blotting 
(Beyotime Institute of Biotechnology, Haimen, China). The 
detailed process of these two protocols was described previ-
ously  (20). Protein lysates (30  µg) were loaded into 10% 
SDS‑PAGE gels (Thermo Fisher Scientific, Inc.) and run for 
20 min at 80 and then 120 V, and then transferred to poly-
vinylidene fluoride membranes (EMD Millipore, Billerica, 
MA, USA). Following blocking with nonfat milk powder, 
the membranes were incubated with primary antibodies 
overnight, followed by 1 h incubation with the secondary 
antibody and then were subjected to a chemiluminescence kit 
(EZ‑ECL kit; Biological Industries, Beit Haemek, Israel) For 
immunohistochemistry, 4 µm sections underwent for antigen 
retrieval by microwave for 25 min following deparaffiniza-
tion and hydration. The sections were blocked by 5% FBS for 
1 h prior to incubation with primary antibody overnight. The 
sections were then washed with phosphate‑buffered saline 
(Thermo Fisher Scientific, Inc.) and incubated with secondary 
antibodies prior to treatment with 3,3'‑diaminobenzidine 
staining (ZSGB‑BIO, Beijing, China). The primary antibodies 
used in the present study were as follows: Rabbit polyclonal 
anti‑pik3r2 (1:500; cat. no. ab131067; Abcam, Cambridge, UK), 
rabbit monoclonal anti‑phosphorylated (p‑)AKT (1:2,000; 
cat. no. 2118‑1; Epitomics, Burlingame, CA, USA), and rabbit 
monoclonal anti‑GAPDH (1:5,000; cat. no. 5632‑1; Epitomics). 
The secondary antibodies were horseradish peroxidase 
(HRP)‑conjugated goat anti‑mouse IgG (heavy + light; 1:3,000; 
cat. no. SA00001‑1; Guangzhou Biological Technology, Co., 
Ltd., Guangzhou, China) and HRP‑conjugated goat anti‑rabbit 
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Figure 2. Effects of miR‑126 on the proliferation and metastasis of PCa in vitro and in vivo. (A) A CCK‑8 assay revealed that miR‑126 overexpression sup-
pressed the growth rate of PCa cells. (B) The expression level of miR‑126 in stably transfected PC‑3 cells was confirmed by reverse transcription‑quantitative 
polymerase chain reaction. (C) The nude mice xenograft model assay revealed that the subcutaneous tumor of the miR‑126 stably transfected group prolifer-
ated at a markedly slower rate (*P<0.05 and **P<0.01). PCa, prostate cancer; CCK, cell counting kit; miR, microRNA; OD, optical density; Lenvi, lentivirus; 
nc, negative control.

Figure 1. Expression of miR‑126 in PCa tissues and miR‑126 mimics efficiency in PCa tissues. (A) Reverse transcription‑quantitative polymerase chain 
reaction revealed that the expression of miR‑126 was significantly reduced in PCa tissues compared with their normal tissues (P<0.01). (B) The expression of 
miR‑126 was significantly increased following transfection with the 126‑mimics in two PCa cell lines (**P<0.01). miR, microRNA; NC, normal control; PCa, 
prostate cancer.
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Figure 3. Transwell assays of PCa cells transfected with miR‑126 mimics or NC. (A and B) The Transwell assays revealed that the overexpression of 
miR‑126 inhibited the migration and invasion in DU‑145 and PC‑3 cells. Representative images are shown (*P<0.05 and **P<0.01). PC, prostate cancer; miR, 
microRNA; NC, negative control.

Figure 4. Pik3r2 is a direct target of miR‑126 in PCa. (A) Bioinformatics analysis using TargetScan and MiRanda indicated that the 3'UTR of pik3r2 mRNA 
contains a complementary site for the seed region of miR‑126. (B) Reverse transcription‑quantitative polymerase chain reaction confirmed that the mRNA 
expression of pik3r2 was reduced following the overexpression of miR‑126 in PCa cells. (C) The western blot assay demonstrated that the protein expression 
levels of pik3r2 and p‑AKT were reduced following overexpression of miR‑126 in PCa cells. GAPDH was used as an internal control. (D) The luciferase 
activity was notably decreased following cotransfected with miR‑126 and wt‑pik3r2 luciferase plasmid, compared with mt‑pik3r2 luciferase plasmid. The 
results are representative of three independent experiments (**P<0.01). miR, microRNA; PCa, prostate cancer; UTR, untranslated region; p‑, phosphorylated; 
wt, wild‑type; mt, mutant; NC, negative control.
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IgG (heavy + light; 1:3,000; cat. no. SA00001‑2; Guangzhou 
Biological Technology, Co., Ltd.)

The results of the immunohistochemistry were scored in 
a semi‑quantitative manner. The final score was a composite 
score obtained by multiplying the values of staining intensity 
and the percentage of positive cells. Briefly, the staining 
intensity was categorized as follows: 0, negative; 1, weak; 
2, moderate; 3, strong. The percentage of positive cells was 
recorded as 0‑100% and the final score, representing the level 
of pik3r2, ranged between 0 and 3.

Stable overexpression of miR‑126  in PC‑3 cells and nude 
mice xenograft assay. The oligonucleotide sequence of 
miR‑126  (5'‑UCG​UAC​CGU​GAG​UAA​UAA​UGCG‑3') was 
synthesized, amplified and cloned into a lentiviral vector. 
For lentiviral infection, PC‑3 cells without transfection were 
eliminated by consistent puromycin incubation and the over-
expression of miR‑126 in puromycin‑resistant PC‑3 cells was 
verified by RT‑qPCR.

Female BALB/c athymic mice (Shanghai Laboratory 
Animal Research Centre, Shanghai, China; age, 4‑6 weeks; 
weight, 15‑18 g) were used and raised under standard animal 
care conditions with five rats per cage and free access to 
food and water under a 16‑h/8‑h light/dark cycle. All animal 
experiments were performed in accordance with the National 
Institute of Health Guide for the Care and Use of Laboratory 
Animals, and were approved by the Ethics Committee of 
The Second Xiangya Hospital of Central South University. 
PC‑3 cells (1x106), stably overexpressing miR‑126 or NC, 
were suspended in  100  µl  phosphate‑buffered saline and 
were subsequently injected subcutaneously into the posterior 
flank of the mice. Tumor volumes in the mice were measured 
with a slide caliper weekly, until the mice were sacrificed at 
the 6th week. A total of 12 mice were included in the total. The 
results are presented as the mean ± standard deviation.

Statistical analysis. Each value in the present study was 
obtained from at least three independent experiments and 
the data are expressed as the mean ±  standard deviation. 
Comparisons between two groups were analyzed by Student's 
t‑test. Statistical analysis was performed using SPSS 15.0 soft-
ware (SPSS, Inc., Chicago, IL, USA) and GraphPad 
Prism 5.0 software (GraphPad Software, Inc., La Jolla, CA, 
USA. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

miR‑126 is significantly downregulated in PCa tissues. To 
assess the expression of miR‑126  in PCa, RT‑qPCR was 
performed in  20  pairs of PCa tissue. The results showed 
that 18 PCa tissue samples revealed a lower expression level 
of miR‑126 compared with their corresponding normal tissues 
and a significant difference was observed between the two 
groups (Fig. 1A). This suggested that miR‑126 may exert an 
important role in the progression of PCa.

Enhanced expression of miR‑126 significantly suppresses 
the proliferation of PCa in vitro and in vivo. To assess the 
potential role of miR‑126 in PCa, miR‑126 mimics were used 
to overexpress the level of miR‑126 in DU‑145 and PC‑3 cells 
(Fig. 1B). A CCK‑8 assay was subsequently used to evaluate 
the proliferation effects of miR‑126 in PCa cells. As shown in 
Fig. 2A, overexpression of miR‑126 significantly inhibited the 
growth rate in the PCa cell lines.

To further confirm the antiproliferative role of miR‑126 in 
PCa, in vivo proliferation assays were preformed using a nude 
mice xenograft model. miR‑126 or NC were stably transfected 
into PC‑3 cells (Fig. 2B). Following subcutaneous injection 
for 6 weeks, the tumor volume of the lenvi‑126 group revealed 
a slower proliferation trend compared with the lenvi‑NC 

Figure 5. Expression of pik3r2  in PCa tissues and its correlation with 
miR‑126 in PCa. (A) Reverse transcription‑quantitative polymerase chain 
reaction revealed an increased mRNA expression of pik3r2 in the PCa tissues 
compared with the normal tissues (P<0.05). (B) The protein expression of 
pik3r2 in PCa was detected by immunohistochemistry. Tumor tissues exhib-
ited a higher expression level of pik3r2 compared with the normal tissues. 
Representative images are shown (magnification, x400). (C) The median of 
the expression of miR‑126 of all 20 PCa tissues was used as the cut‑off for 
separating high‑miR‑126 (n=10) from low‑miR‑126 (n=10) expressing tumor 
samples. PCa tumors with lower expression of miR‑126 exhibited higher 
pik3r2 expression (P<0.05). PCa, prostate cancer; miR, microRNA; IHC, 
immunohistochemical.
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group (Fig. 2C). The data suggested that overexpression of 
miR‑126 significantly inhibited the proliferation in vitro and 
in vivo.

miR‑126  inhibits metastasis in DU‑145  and PC‑3  cells. 
Transwell assays were performed to examine the metastasis 
potential of miR‑126. As shown in Fig. 3, the invasion and 
migration activities were markedly reduced following the 
overexpression of miR‑126 in DU‑145 and PC‑3 cells. The 
results indicated the suppressive role of miR‑126 in metastasis 
in PCa cells.

Pik3r2 is a direct target of miR‑126 in PCa cells and tissues. 
As the functions of miRNAs are mediated by regulating target 
genes (21), the present study sought to identify a potential target 
of miR‑126 in PCa. By comprehensive analysis of the bioinfor-
matics websites, TargertScan and miRanda, the gene, pik3r2, 
was identified (Fig. 4A). This gene is a well‑known compo-
nent of the PI3K/p‑AKT pathway (22). As shown in Fig. 4B 
and C, the mRNA and protein expression levels of pik3r2 in 
DU‑145 and PC‑3 cells were markedly decreased following 
treatment with miR‑126 mimics. In addition, western blot-
ting indicated that the protein expression of p‑AKT was also 
reduced, accompanied by the decrease in pik3r2 (Fig. 4C). A 
luciferase reporter assay was subsequently performed in 293T 
cells to further confirm the direct interaction of miR‑126 and 
pik3r2. MiR‑126 overexpression decreased the luciferase 
activity of the wild type pik3r2 plasmid, while there were no 
effects of miR‑126 mimics when the binding sites of pik3r2 
plasmid were mutated (Fig. 4D).

Based on the observation that the expression level of 
miR‑126 was markedly downregulated in 20 PCa tissues, 
RT‑qPCR and immunohistochemistry assays of pik3r2 were 
performed in these 20 tissue samples. By contrast, the expres-
sion of pik3r2 was significantly upregulated in PCa tissues 
compared with their corresponding normal tissues (Fig. 5A 
and B). These PCa tissues were subsequently divided into 
two groups by selecting the median of miR‑126 expression of 
all 20 PCa tissues as the cut‑off. It was then revealed that the 
expression of miR‑126 inversely correlated with the expression 
of pik3r2 in these 20 PCa tissues (Fig. 5C). Taken together, 
the results demonstrated that pik3r2  is a direct target of 
miR‑126 in vitro and in vivo in PCa.

Discussion

PCa is one of most frequent and malignant types of cancer 
in men, which owns an increasing morbidity and mortality 
rate. Over past decades, researchers have investigated the 
underlying molecular mechanism involved in the initiation 
and progression of PCa. miRNAs are hypothesized to be a 
highly involved in mediating malignant biological functions 
in cancer development (23,24). In PCa, several miRNAs are 
demonstrated to have a vital role in the process of antiapop-
tosis (25), pro‑proliferation (26) and pro‑metastasis (27).

To date, the role of miR‑126 in PCa, particularly its func-
tional role, remains to be elucidated. In the present study, 
it was demonstrated that the expression of miR‑126  was 
significantly lower in the 20 PCa cases compared with their 
corresponding normal tissues, which is consistent with a 

previous report (19). It was subsequently demonstrated that 
overexpression of miR‑126 suppressed the proliferation and 
inhibited the metastasis in two PCa cell lines, DU‑145 and 
PC‑3. Using nude mice xenograft models, it was also revealed 
that miR‑126 markedly suppressed the growth of subcutaneous 
tumors. Additionally, it was confirmed that pik3r2 was a direct 
target gene of miR‑126 in vitro and in vivo. This is the first 
attempt, to the best of our knowledge, to illuminate the role 
of miR‑126 deregulation in the proliferation and metastasis of 
PCa, using both in vitro and in vivo models.

A high frequency of proliferation is a basic character-
istic of cancer, and metastasis is the major cause of cancer 
mortality, while angiogenesis is essential for tumor growth 
and metastasis  (28). Therefore, the identification of novel 
therapeutics targeting proliferation and metastasis may be 
beneficial for clinical applications. miR‑126 has been shown 
to affect numerous cellular processes, particularly inhib-
iting angiogenesis and metastasis in cancer (29,30), which 
suggests that it is important in cancer progression. However, 
its potential role in PCa remains to be elucidated. The present 
data revealed a decreased expression of miR‑126  in PCa 
tissues, suggesting a potential tumor suppressor role in PCa. 
Subsequent functional assays revealed the antiproliferative 
and antimetastatic effects of miR‑126 in PCa cells, which 
were in agreement with the role of miR‑126 in other cancer 
types.

Pik3r2  is a regulatory component of PI3K, which is 
located on the upstream of AKT  (31). The PI3K/p‑AKT 
pathway is well‑known to be responsible for regulating 
cell growth, proliferation, survival and angiogenesis in 
the development of cancer. Therefore, molecules altering 
the expression of pik3r2 may be an effective way to lower 
the malignancy of cancer types. Several previous reports 
have demonstrated that miR‑126 reduces the expression of 
pik3r2 by directly targeting its 3'‑untranslated region (32,33). 
Similarly, the present data revealed that pik3r2 is a target 
gene of miR‑126 in PCa, based on the following evidence: 
i) The mRNA and protein expression levels of pik3r2 were 
significantly decreased following the overexpression of 
miR‑126 in PCa cells; ii) The expression levels of miR‑126 and 
pik3r2 were inversely correlated in PCa tissues. In the present 
study, it was also demonstrated that the expression of p‑AKT 
was markedly decreased, accompanied by downregulation of 
pik3r2 following the overexpression of miR‑126. Since the 
activation of p‑AKT is an important mechanism to maintain 
proliferation and metastasis in the initiation and progres-
sion of cancer development (34,35), it was concluded that 
the biological mechanism of miR‑126 in PCa is potentially 
mediated by the PI3K/p‑AKT pathway.

In conclusion, the present study suggested that downregu-
lation of miR‑126 is a frequent event in PCa and restoration of 
miR‑126 significantly inhibited the proliferation and metastasis 
of PCa via the PI3K/p‑AKT pathway. Therefore, miR‑126 may 
be a potential target for PCa therapy.
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