
Prostate cancer (PCa), the second leading cause of

cancer-related deaths of men, is a complex and multifacto-

rial disease including genetic variation and environmental

factors. In spite of the heavy social burden and bad clinical

outcomes of PCa, the molecular mechanisms underlying

prostate carcinogenesis remain poorly understood.

Increasing evidence indicates that polycomb group

(PcG) proteins, which were identified initially in

Drosophila as epigenetic gene silencers of homoeotic

genes, play a crucial role in cancer development and

recurrence [1]. Bmi-1 (B-cell specific Moloney leukemia

virus insertion region homolog 1), a member of PcG fam-

ily of proteins, is a marker used in stem cell biology, and

increased expression of Bmi-1 has been found to be asso-

ciated with chemoresistance [2]. Recent studies show that

Bmi-1 is positively correlated with prostate cancer patho-

genesis [3, 4]. There are also reports that Bmi-1 is a cru-

cial regulator of prostate stem cell self-renewal and

malignant transformation [5].

MicroRNAs (miRNAs) are a kind of short noncod-

ing RNAs that suppress the expression of protein-coding

genes by partially complementary binding, especially to

the 3′-untranslated regions (3′-UTRs) of messenger

RNAs (mRNAs). According to the predicted results of

bioinformatics, more than 60% of protein-coding genes

are regulated by miRNA. The miRNA expression

changes are involved in the initiation, progression, and

metastasis of human cancers, and it is believed that

miRNAs function as both tumor suppressors and onco-

genes in cancer development [6, 7]. There are also reports

indicating that disturbed expression of miRNAs is

involved in the pathogenesis of PCa [8-10].

In this study, we constructed a Bmi-1 3′-UTR

reporter system and screened 18 miRNAs that potential-

ly repress the expression of Bmi-1. We examined 12

selected miRNAs in prostate cancer tissues and found

that the expression of miR-221, -30d, and -15a was sig-

nificantly reduced. Our work partially unveils the correla-

tions between miRNAs and prostate cancer pathogenesis
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Abstract—Prostate cancer is the second leading cause of cancer-related deaths of men. Bmi-1, a member of PcG family of

proteins, has been implicated in the pathogenesis of prostate cancer, and disturbed profile of microRNAs (miRNAs) has

been found in prostate cancer tissues. How Bmi-1 is regulated by miRNAs is unclear. In this study, we screened 18 miRNAs

that potentially repress the expression of Bmi-1 using a dual luciferase system and found that 12 miRNAs could bind with

the 3′-untranslated region of Bmi-1 mRNA. Using qRT-PCR, we found that expression of miR-221, -15a, and -30d was

significantly reduced in prostate cancer tissues. Subsequent functional study indicated that miR-221 and miR-30d can

repress prostate cancer cell proliferation, and this effect can be partially rescued by Bmi-1 overexpression. Our study con-

structs the relation between downregulated miR-221 and miR-30d and prostate cancer pathogenesis. These results indicate

that miR-221 and miR-30d are candidate tumor suppressor miRNAs in prostate cancer and therefore serve as potential clin-

ical classification markers and therapeutic targets for human prostate cancer.
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and provides potential biomarkers or targets for clinical

diagnosis and treatment of PCa.

MATERIALS AND METHODS

Tissue sample. Patients (age 65-75) who underwent

prostate biopsy between May 2011 and November 2013 at

Ren Ji Hospital were selected. We randomly chose 30

prostate cancer patients’ tissues and adjacent normal tis-

sues to detect the expression of Bmi-1 and miRNAs.

Cell culture. PC-3 cells were grown at 37°C and in

5% CO2 in RPMI-1640 supplemented with fetal bovine

serum (FBS) plus 2 mM L-glutamine (HyClone, USA).

HEK293T cells were cultured in Dulbecco’s Modified

Eagle Medium (DMEM) containing 10% fetal bovine

serum (HyClone), 100 IU/ml penicillin, and 10 mg/ml

streptomycin. All cells were maintained at 37°C under an

atmosphere of 5% CO2. MiR-221, miR-30d mimics, and

AGO2 siRNAs were purchased from Shanghai Gene

Pharma (China).

Western blotting. Protein extracts were boiled in

SDS/β-mercaptoethanol sample buffer, and 20 µg sam-

ples were loaded onto each lane of 12% polyacrylamide

gels. The proteins were separated by electrophoresis, and

the proteins in the gels were blotted onto PVDF mem-

branes (Amersham Pharmacia Biotech, UK) by elec-

trophoretic transfer. The membrane was incubated with

rabbit anti-Bmi-1 polyclonal antibody (Abcam, USA)

and mouse anti-GAPDH monoclonal antibody (Santa

Cruz Biotechnology Inc., USA) overnight at 4°C. The

specific protein–antibody complex was detected using

horseradish peroxidase-conjugated goat anti-rabbit or

rabbit anti-mouse IgG. Detection by the chemilumines-

cence reaction was carried using an ECL kit (Pierce,

USA). The GAPDH signal was used as a loading control.

Stem-loop RT-qPCR. Quantitative RT-PCR analy-

sis was used to determine the relative expression level of

selected miRNAs. Total RNA was extracted from tissues

using Trizol reagent (Invitrogen, USA) according to the

manufacturer’s instructions. The expression levels of 12

candidate miRNAs were detected by TaqMan miRNA

RT-Real Time PCR. Single-stranded cDNA was synthe-

sized using a TaqMan MicroRNA Reverse Transcription

Kit (Applied Biosystems, USA) and then amplified using

a TaqMan Universal PCR Master Mix (Applied

Biosystems) together with miRNA-specific TaqMan

MGB probes (Applied Biosystems). The U6 snRNA

(non-coding small nuclear RNA) was used for normaliza-

tion. Each sample in each group was measured in tripli-

cate, and the experiment was repeated at least three times

for the detection of each miRNA.

Dual luciferase assay. The full length of 1948 bp Bmi-1

3′-UTR was cloned downstream of the firefly luciferase

coding region in the pmirGLO vector (Promega, USA) to

generate luciferase reporter vector. For luciferase reporter

assays, HEK293T cells were seeded in 48-well plates.

MiR-221 or miR-30d mimics and luciferase reporter vec-

tors were cotransfected using Lipofectamine 2000

(Invitrogen). Two days later, the cells were harvested and

assayed with the Dual-Luciferase Assay (Promega). Each

treatment was performed in triplicate in three independ-

ent experiments. The results were expressed as relative

luciferase (LUC) activity (firefly LUC/Renilla LUC).

Cell proliferation assay. PC-3 cells were seeded in 96-

well plates at low density (2·103) and allowed to attach

overnight. The cells were then transfected with mimics or

inhibitors of miR-221 or miR-30d. Twenty microliters of

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoli-

um bromide) (5 mg/ml) (Sigma, USA) were added into

each well 48 h after transfection, and the cells were incubat-

ed for a further 4 h. The absorbance was recorded at 490 nm

with a 96-well plate reader after dimethyl sulfoxide addition.

Statistical analysis. Data were analyzed by using the

SPSS Statistical Package v. 16. Independent two group’s

analyses were used in t-test. Results of tissue miRNA lev-

els were analyzed using the Mann–Whitney U-test. P <

0.05 was considered statistically significant.

RESULTS

Bmi-1 is overexpressed in prostate cancer tissues. Bmi-

1, a member of PcG family proteins, is a marker used in

stem cell biology. There are reports indicating that Bmi-1 is

positively correlated with the pathogenesis of many types of

cancers. To understand Bmi-1 expression in prostatic can-

cer tissues, we first detected the Bmi-1 protein level by using

Western blot. As shown in Fig. 1a (results of five samples)

and Fig. 1b (results of all the 30 samples), Bmi-1 expression

was upregulated significantly in the PCa tissues compared

with the adjacent normal prostate tissues (P < 0.01).

Expression of Bmi-1 is regulated by miRNAs in PC-3

cells. To investigate whether the expression of Bmi-1 is

regulated by endogenous miRNAs in prostate cancer

cells, we knocked down AGO2 (the core component of

RISC) expression in PC-3 cells, and then detected Bmi-

1 expression. As shown in Fig. 1c, Bmi-1 protein level was

upregulated significantly accompanied by repressed

AGO2 expression, indicating that miRNAs can play a

crucial role in Bmi-1 expression.

Twelve miRNAs can repress Bmi-1 expression and

three of them are downregulated in prostate cancer tissues.

We thus speculated that the miRNAs repress Bmi-1

expression. By using Target Scan, an online bioinformat-

ics tool (http://www.targetscan.org/), we found that 18

selected miRNAs were predicted to repress the expression

of Bmi-1. To determine whether these miRNAs regulated

Bmi-1 expression, we cloned the full-length 3′-UTR of

Bmi-1 into pmirGLO vector followed by dual-luciferase

assay. As shown in Fig. 2a, 12 out of 18 miRNAs signifi-

cantly repressed the luciferase activity.
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Fig. 1. Bmi-1 is upregulated in prostate cancer tissues. a) Bmi-1 protein level in prostate cancer tissues and adjacent normal tissues was exam-

ined using Western blot, and the expression of GAPDH was used as loading control. The results of 5 out of 30 samples are displayed. b)

Quantified results of Western blot. Western blot results were quantified using Quantity One software (Bio-Rad, USA). The results were ana-

lyzed using paired Student’s t-test and P < 0.05 was considered statistically significant. * P < 0.05, ** P < 0.01. c) AGO2 siRNAs were trans-

fected into PC-3 cells separately, and 48 h after transfection Bmi-1 expression was examined by Western blot.
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Fig. 2. miR-221, -15a, and -30d target 3′-UTR of Bmi-1, and their expression was repressed in PCa tissues. a) Screening of miRNAs that

potentially target Bmi-1 3′-UTR. The full length of the Bmi-1 3′-UTR was cloned into pmirGLO plasmid following the firefly luciferase-cod-

ing region. Eighteen miRNAs, predicted targeting Bmi-1 3′-UTR directly, were selected. The dual-luciferase assay system was used to deter-

mine whether these miRNAs target Bmi-1 3′-UTR or not. The results were analyzed using paired Student’s t-test, and P < 0.05 was consid-

ered statistically significant. b) Expression of 12 miRNAs in PCa tissues and adjacent normal tissues examined by qRT-PCR. Total RNAs

were extracted from thirty prostate tissues and adjacent normal tissues. A random five RNA samples from cancer tissues or control tissues were

mixed and used as one sample. Results were analyzed using paired Student’s t-test, and P < 0.05 was considered statistically significant.

* P < 0.05, ** P < 0.01.
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Subsequently, we examined the expression of these

12 miRNAs in prostate cancer tissues. Total RNAs were

extracted from thirty prostate tissues, and five RNA sam-

ples were mixed to use as one group. As shown in Fig. 2b,

three miRNAs (miR-15a, miR-221, and miR-30d) were

significantly downregulated in cancer tissues compared

with adjacent normal tissues.

Bmi-1 is a target gene of miR-221 and miR-30d.

Since miR-15a has been confirmed to repress Bmi-1

expression in ovarian cancer and pancreatic ductal ade-

nocarcinoma [11, 12], our study focused on the function

of miR-221 and miR-30d.

We further searched for the binding sites of miR-221

and miR-30d by using dual-luciferase assay systems. As

shown in Fig. 3 (b and d), the firefly luciferase activity

was reduced 49.2 or 28.8% significantly in HEK293T

cells transfected with miR-221 or miR-30d compared

with miRNA control. Furthermore, the luciferase activi-

ty was upregulated by the miR-221 or miR-30d inhibitor

compared with the anti-miR control about 17.3 or 40.1%.

These results indicate that miR-221 and miR-30d target

the 3′-UTR of Bmi-1, leading to the reduction of firefly

luciferase translation.

Seed sequence mutation clones were also used to

confirm the binding sites for miR-221 and miR-30d (Fig.

3, a and c). Putative miR-221 and miR-30d binding sites

in the 3′-UTR of Bmi-1 with four mutant nucleotides

(designated as pmirGLO-Bmi-1-Mu1 and pmirGLO-

Bmi-1-Mu2) were constructed and with wild-type vector

as control, respectively. The histogram in Fig. 3b (right)

and Fig. 3d (right) show that the enzyme activity was not

significantly changed in the miRNA mimics group and

control group. These data indicate that miR-221 and

miR-30d suppress Bmi-1 expression through binding to

the seed sequence at the 3′-UTR of Bmi-1, and Bmi-1

may be a direct target of miR-221 and miR-30d.

To understand whether miR-221 and miR-30d can

repress endogenous Bmi-1 expression, PC-3 cells were

transfected with miR-221 or -30d mimics or inhibitor,

and 48 h after transfection Bmi-1 protein level was

detected using Western blot. As shown in Fig. 4a, the

Bmi-1 protein levels were downregulated significantly in

PC-3 cells when transfected with miR-221 or miR-30d.

However, Bmi-1 expression was significantly upregulated

by miR-221 or miR-30d inhibitor.

Dysregulation of miR-221 or miR-30d is related to

disturbed prostate cancer cell proliferation. There are

some reports indicating that overexpression of Bmi-1

promotes the proliferation of various types of cancer cells.

To identify further the biological function of miR-221

and miR-30d in prostate cancer pathogenesis, we detect-

ed prostate cancer cell proliferation when the expression

of miR-221 or miR-30d was disturbed.

PC-3 cells that were transfected with miR-221 or

miR-30d showed lower capacity for proliferation than

those transfected with miRNA control. When Bmi-1 was

overexpressed by plasmid transfection, the cell prolifera-

tion capacity was partially rescued, which indicates miR-

221 and miR-30d repress prostate cancer cell prolifera-

tion partially by targeting Bmi-1. When miR-221 or miR-

30d expression was repressed when transfected by

miRNA inhibitors, the cell proliferation capacity was

upregulated significantly, implying that repressed miR-

221 and miR-30d expression is related to prostate cancer

partially through promoting the proliferation of prostate

cancer cells.

DISCUSSION

Bmi-1, also known as polycomb group RING finger

protein 4 (PCGF4) or RING finger protein 51 (RNF51),

is a polycomb ring-finger oncogene. Recent studies have

shown that Bmi-1 is positively correlated with prostate

cancer pathogenesis [3, 4]. There are also reports indicat-

ing that Bmi-1 is a crucial regulator of prostate stem cell

self-renewal and malignant transformation [5]. In this

study, we found that overexpressed Bmi-1 protein is relat-

ed to prostate cancer. However, there is a report that Bmi-

1 mRNA level was not upregulated significantly in

prostate cancer tissues. These evidences suggest that post-

transcriptional regulation plays a crucial role in the Bmi-

1 expression during PCa pathogenesis [13]. The miRNAs

are a kind of short noncoding RNAs that suppress the

expression of protein-coding genes by partial comple-

mentary binding to the 3′-UTR of mRNAs, and most of

them do not induce mRNA degradation. We hypothe-

sized that disturbed expression of miRNAs might be

related to overexpressed Bmi-1. Subsequent AGO2

knockdown experiments verified our hypothesis, and we

identified 12 miRNAs that could repress Bmi-1 expres-

sion using the dual-luciferase system. After scanning the

expression of the 12 miRNAs in PCa tissues, we found

that the expression of miR-15a, miR-221, and miR-30d

was downregulated significantly in tumor tissues com-

pared with the adjacent normal tissues. In this context, it

has been reported that miR-15a represses Bmi-1 expres-

sion by directly targeting the Bmi-1 3′-UTR. We thus

focused on the biological function of miR-221 and miR-

30d. Cell proliferation capacity detected by MTT assay

indicates that miR-221 and miR-30d act as tumor sup-

pressors, and downregulated miR-221 or miR-30d can

promote prostate cancer cell proliferation.

In conclusion, our study partially unveiled the roles

of miRNAs in the Bmi-1 expression regulation system.

We first identified that miR-221, miR-222, miR-30a, and

miR-30d can bind with the 3′-UTR of Bmi-1. The

expression of miR-221 and miR-30d was significantly

reduced in the prostate cancer tissues accompanied with

increased Bmi-1 expression. The miR-221 and miR-30d

species are candidate tumor suppressor miRNAs in

prostate cancer, and therefore they may be potential clin-
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Fig. 3. Identification of the binding site of miR-221 and miR-30d. HEK293T cells were cotransfected with miRNA control, miR-221/-30d

mimic, anti-miR control, or miR-221/-30d inhibitor and pmirGLO-Bmi-1 for dual-luciferase assay. The results are expressed as the ratio of

firefly luciferase activity and Renilla luciferase activity (b, d). When four nucleotides of the binding site of miR-221 (a) or miR-30d (c) in the

3′-UTR of Bmi-1 were mutated (pmirGLO-Bmi-1-Mu1 or pmirGLO-Bmi-1-Mu2), the luciferase activity was not significantly changed by

miR-221 or miR-30d transfection. The results were analyzed using Student’s t-test, and P < 0.05 was considered statistically significant.

* P < 0.05, ** P < 0.01.
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Fig. 4. MiR-221 and miR-30d repress prostate cancer cell proliferation partially by repressing Bmi-1 expression. a) miR-221 and miR-30d

repress endogenous Bmi-1 expression. b) Construct Bmi-1 overexpression plasmid. c) Cell proliferation assay. PC-3 cells were transfected with

miR-221/-30d mimic or miR-221/-30d mimic plus Bmi-1 expression plasmid with miRNA control and miR-221/-30d plus pcDNA-3.1 as

control. The MTT method was used to detect cell proliferation ability. The results were analyzed using Student’s t-test. P < 0.05 was consid-

ered statistically significant. * P < 0.05, ** P < 0.01.
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ical classification markers and therapeutic targets for

human prostate cancer.
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