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 Background: Prostate cancer has become a serious threat to the life of patients. microRNAs are small non-coding RNA mol-
ecules that regulate the growth and apoptosis of cells. We aimed to investigate the regulation and mechanism 
of microRNA (miR-143) in the proliferation and apoptosis of prostate cancer LNCap cells.

 Material/Methods: miR-143 and control scramble miRNA were synthesized and respectively transfected into LNCap cells. The pro-
liferation and apoptosis were detected by MTT assay, flow cytometry, and caspase-3 activity assay. The intra-
cellular expression of Bcl-2 was determined by Western blot. Further, LNCap cells were transfected with small 
interfering RNA (siRNA) targeting Bcl-2 (siBcl-2) or plasmid expressing Bcl-2, followed by transfection of miR-
143 or control miRNA. Bcl-2 expression was detected by Western blot, and cell apoptosis was measured by cas-
pase-3 activity assay.

 Results: Transfection of miR-143 significantly inhibited the proliferation of LNCap cells (P=0.0073), increased the per-
centage of externalized phosphatidylserine (P=0.0042), activated the caspase-3 (P=0.0012), and decreased the 
expression of Bcl-2 (P=0.012) when compared with the control miRNA group. The expression of Bcl-2 was sig-
nificantly reduced after siBcl-2 transfection. The apoptosis in the siBcl-2+miR-143 group was significantly in-
creased compared with that in the miR-143 group (P=0.036), whereas there was no significant difference in the 
apoptosis between the siBcl-2+miRNA and miRNA groups. The expression of Bcl-2 was obviously higher after 
the transfection of Bcl-2-expressing plasmid. The apoptosis in Bcl-2+miR-143 group was significantly reduced 
compared with the miR-143 group (P=0.031), whereas no significant difference in the apoptosis was detected 
between the miRNA and Bcl-2+miRNA groups.

 Conclusions: Transfection of miR-143 induces the apoptosis of prostate cancer LNCap cells by down-regulating Bcl-2 expres-
sion, suggesting that Bcl-2 might be a potential therapeutic target for prostate cancer.
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Background

Prostate cancer is a malignant cancer of the male reproduc-
tive system with an incident rate of 3/10,000 in men [1]. The 
pathogenesis of prostate cancer is a complex process involv-
ing several factors, among which the genetic factor is known 
as the main determining factor [2]. Diet, ethnic, and geograph-
ic factors may also increase the incidence rate of prostate can-
cer. The disease has become a serious threat to the health and 
life of patients [3,4]. Currently, chemotherapy, radiotherapy, 
and surgery remain the primary treatment methods for pros-
tate cancer, although there are several drawbacks such as the 
side effects during chemotherapy, potential bleeding in sur-
gery, etc. [5–7]. Therefore, current medical science has been 
focused on how to improve the accuracy and success rate of 
the treatment for prostate cancer.

In recent years, molecular targeted therapy has become a 
hotspot in cancer research, including prostate cancer [8–11]. 
Nevertheless, the efficacy of the known gene targets for pros-
tate cancer (such as the anti-apoptotic proteins survivin and 
apollon) is barely satisfactory [12]. It is therefore urgent to 
identify more effective molecular targets for the malignant dis-
ease [12,13]. microRNAs (miRNAs) are a class of small non-cod-
ing RNA molecules involved in the regulation of a wide range 
of biological processes such as cell cycle, apoptosis, organ de-
velopment, tissue regeneration, aging, and even the patho-
genesis of several diseases including prostate cancer. For in-
stance, it is known that microRNA-218 can inhibit the growth 
of prostate cancer, and microRNA-34a is associated with the 
metastasis of prostate tumor [14,15], suggesting that miRNAs 
are involved in the occurrence and progression of prostate 
cancer [14–16]. In our previous analyses on the expression of 
miRNAs, we have found that miRNA (miR-143) expression in 
prostate cancer tissue is significantly higher compared with 
expression in adjacent non-cancerous tissue [17,18], indicat-
ing an association between the molecule and the development 
of the disease. In this study, we further investigated the reg-
ulatory role of miR-143 in the prostate cancer cell line LNCap.

Ideally, an anti-tumor treatment should efficiently kill tumor 
cells without affecting normal cells. Cell apoptosis is coordi-
nately regulated by multiple anti-apoptotic and pro-apoptotic 
proteins [19,20]. One of the anti-tumor strategies is to induce 
the expression of pro-apoptotic proteins while suppressing the 
expression of anti-apoptotic proteins with anti-tumor drugs. 
Bcl-2 protein is an extensively studied anti-apoptotic mole-
cule [21,22]. Although there are numerous reagents targeting 
Bcl-2 protein, none of them can effectively reduce the intracel-
lular level of the protein [23]. In this study, we also investigate 
the association between miR-143 and Bcl-2 in LNCap cells to 
elucidate the regulatory role and possible mechanism of the 
miRNA in prostate cancer. This study provides a theoretical 

basis for the selection of an effective therapeutic target for 
the treatment of prostate cancer.

Material and Methods

Cells and reagents

The prostate cancer LNCap cells were purchased from American 
Type Culture Collection (ATCC, Rockville, Maryland, USA). 
Dulbecco’s Modified Eagle’s medium (DMEM), fetal bovine se-
rum (FBS), penicillin, and streptomycin were purchased from 
Hualan Biotech (Beijing, China). miR-143, negative scramble 
miRNA, and siBcl-2 were synthesized by Genepharma Biotech 
(Suzhou, China). Bcl-2–expressing plasmid was previously con-
structed in our lab.

Lipofectamine 2000 transfection reagent was purchased from 
Invitrogen (Camarillo, California, USA). The MTT cell viability 
assay kit was purchased from Dingguo Changsheng Biotech 
(Beijing, China). The Annexin V-FITC apoptosis assay kit, cas-
pase-3 activity assay kit, protein extraction kit, and BCA kit 
were purchased from Beyotime Institute of Biotechnology 
(Shanghai, China). Mouse anti-human Bcl-2 monoclonal anti-
body and actin monoclonal antibody, and horseradish peroxi-
dase (HRP)-labeled rabbit anti-mouse IgG were purchased from 
Santa Cruz Biotech (Santa Cruz, California, USA).

Cell culture

LNCap cells were cultured in DMEM containing 10% FBS, pen-
icillin 100 U/mL, and streptomycin 0.1 mg/mL at 37°C and 5% 
CO2 in an incubator. Cells in the logistic growth phase were 
used for subsequent experiments.

Transfection

The miR-143 and control miRNA were transfected into LNCap 
cells using the Lipofectamine 2000 transfection kit following 
the manufacturer’s instruction. Briefly, LNCap cells were inoc-
ulated into each well on 6-well plates and cultured at 37°C in 
a 5% CO2 incubator until cells reached 50% confluence. miR-
143 or control miRNA (2 μL of 0.5 μg/μL) was mixed with 5 μL 
of liposomal transfection reagent. The mixture was added to 
the cell culture, and cells were incubated for 12 h. The DMEM 
was replaced, and cells were incubated for another 24 h.

MTT assay

The viability of LNCap cells was detected in all groups by MTT 
assay as previously described [10]. Briefly, LNCap cells were 
inoculated into each well of 96-well plates at a density of 
1×104 cells/well. Cells at 70% confluence were transfected with 
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miR-143 and control miRNA as described above. After 24 h, 
cells were rinsed 3 times with phosphate-buffered saline (PBS), 
and 5 μL of 0.2M MTT was added to each well. Medium was 
discarded after 2 h, and 150 μL of dimethyl sulfoxide (DMSO) 
was added to each well. The optical density of dissolved MTT 
crystals was measured by a plate reader at 490 nm. Each sam-
ple was measured independently three times, and the percent-
age of viable cells was calculated.

Annexin VFITC staining

The apoptosis of LNCap cells in all groups was detected by 
Annexin V-FITC staining. Briefly, LNCap cells were transfected 
with miR-143 and control miRNA as described above. After 24 
h, cells were collected and prepared into suspension. Cell sus-
pension (250 μL) was incubated with 1 μL of Annexin V-FITC 
solution and 50 μL of binding buffer at room temperature in 
the dark for 40 min. Cell apoptosis was detected by flow cy-
tometry at an emission wavelength of 448 nm and an absor-
bance wavelength of 570 nm. The experiment was repeat-
ed three times, and the percentage of cells with externalized 
phosphatidylserine was calculated.

Caspase-3 activity assay

The apoptosis of LNCap cells in all groups was also detect-
ed by caspase-3 activity assay. Briefly, LNCap cells in 96-well 
plates were transfected with miR-143 and control miRNA as 
described above. After 24 h, 20 μL of lysis buffer was added to 
each well. Cell lysate was incubated with 5 μL of chromogen-
ic substrate at room temperature in the dark for 20 min. The 
optical density of each well was measured by a plate reader 
under 560 nm. The relative caspase-3 activity of each sample 
was calculated as the absorbance of the well subtracted by 
that of the control miRNA.

Western blot

The expression of Bcl-2 in LNCap cells in all groups was com-
pared by Western blot analysis. Briefly, cells transfected with 
miR-143 or control miRNA were collected at 24 h after trans-
fection. Total protein was extracted using protein extraction 
kits and quantified using a BCA kit according to the manufac-
turer’s instruction. Equal amounts of total protein (10 μg) were 
separated by sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and transferred to polyvinylidene diflu-
oride membranes. The membrane was blocked in phosphate-
buffered saline with Tween® 20 (PBST) buffer with 5% skim 
milk at room temperature for 1 h, and incubated with mouse 
anti-human Bcl-2 monoclonal antibody or actin monoclonal 
antibody (1: 200 dilution) overnight at 4°C with gentle shak-
ing. The membrane was washed three times with PBST buffer 
and incubated with HRP-labeled rabbit anti-mouse IgG (1:200) 

at 37°C for 2 h. The membranes were washed twice with Tris 
Buffered Saline with Tween® 20 (TBST) and subjected to ECL 
detection. The intensity of bands was detected by a Molecular 
Imager® ChemiDocTM XRS System (Bio-Rad Laboratories). The 
gray value of bands was analyzed by Image J 6.0 software (Bio-
Rad Laboratories). The relative expression of Bcl-2 was calcu-
lated as the ratio of the gray value of Bcl-2 to that of actin.

Detection of the effect of Bcl-2 interference or 
overexpression on miR-143-transfected LNCap cells

In order to assess the interference or overexpression of Bcl-2 
on miR-143-transfected LNCap cells, cells were transfected with 
siBcl-2 or Bcl-2-expressing plasmid, followed by transfection of 
miR-143 or control miRNA. Briefly, cells were inoculated into 
6-well plates. Cells at 50% confluence were transfected with 
1 µL of 1 µg/µL siBcl-2 or Bcl-2 plasmid as described above. 
Cells were incubated and transfected with 2 μL of 0.5 µg/µL 
miR-143 or control miRNA. After 24 h, cells were collected and 
subjected to caspase-3 activity assay and Western blot anal-
ysis as described above.

Statistical analyses

All data were expressed as mean ± standard deviation. 
Statistical analyses were performed using SPSS 14.0 (SPSS 
Inc., Chicago, Illinois, USA). Differences between groups were 
analyzed by t tests. P values smaller than 0.05 were consid-
ered statistically significant.

Results

miR-143 inhibited the proliferation of LNCap cells

The proliferation of LNCap cells in all groups was detected by 
MTT assay. As shown in Figure 1, the percentage of viable cells 
in the miR-143 group was significantly lower than that in the 
miRNA group (P=0.0073). There was no significant difference 
in the cell viability between the miRNA group and cells with-
out transfection (P>0.05). Therefore, cells in the miRNA group 
were used as controls in subsequent experiments.

miR-143 induced the apoptosis of LNCap cells

The apoptosis of LNCap cells in the miR-143 and miRNA groups 
was compared by Annexin VFITC staining. As shown in Figure 2, 
the percentage of phosphatidylserine externalization in the 
miR-143 group was significantly increased compared with that 
in the miRNA group (P=0.0042), suggesting that miR-143 sub-
stantially induced the apoptosis of LNCap cells.
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miR-143 induced caspase-3 activation

The apoptosis of LNCap cells in the miR-143 and miRNA groups 
was also compared by caspase-3 activity assay. As shown in 
Figure 3, the relative caspase-3 activity in miR-143 group was 
significantly higher than that in the miRNA group (P=0.012), 

indicating that miR-143 transfection greatly induced the cas-
pase-3 activation in LNCap cells.

Figure 1.  Comparison of cell viability in the miR-143, miRNA, 
and non-transfected groups by MTT assay. * P<0.01 
compared with miRNA group.
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Figure 2.  (A, B) Comparison of LNCap cell apoptosis in the miR-143 and miRNA groups by Annexin VFITC staining. * P<0.01 compared 
with miRNA group.
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Figure 3.  Comparison of LNCap cell apoptosis in the miR-
143 and miRNA groups by caspase-3 activity assay. 
* P<0.05 compared with miRNA group.
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miR-143 reduced intracellular Bcl-2 expression

The expression of Bcl-2 protein in LNCap cells in the miR-143 
and miRNA groups was compared by Western blot. As shown 
in Figure 4, Bcl-2 expression in the miR-143 group was signifi-
cantly lower compared with that in the miRNA group (P=0.012), 
suggesting that miR-143 reduced intracellular Bcl-2 expression.

Bcl-2 interference enhanced the miR-143-induced 
apoptosis of LNCap cells

In order to detect the effect of Bcl-2 interference on the miR-
143–induced apoptosis of LNCap cells, cells were transfect-
ed with siBcl-2, followed by miR-143 transfection. Western 
blot showed a markedly reduced Bcl-2 expression in the siB-
cl-2+miR-143 and siBcl-2+miRNA groups compared with the 
miR-143 and miRNA groups (Figure 5A), suggesting effective 
Bcl-2 interference by siBcl-2. The caspase-3 activity in the siB-
cl-2+miR-143 group was significantly increased compared with 
that in the miR-143 group (P=0.036), whereas there was no 
significant difference in the caspase-3 activity between the 
miRNA and siBcl-2+miRNA groups (Figure 5B).

Bcl-2 overexpression inhibited the miR-143-induced 
apoptosis of LNCap cells

LNCap cells were also transfected with siBcl-2 plasmid, fol-
lowed by miR-143 transfection. The Bcl-2 expression in the Bcl-
2+miRNA and Bcl-2+miR-143 groups was obviously increased 
compared with that in the miRNA and miR-143 groups, as sug-
gested by Western blot (Figure 6A). The caspase-3 activity in 
the Bcl-2+miR-143 group was significantly reduced compared 
with that in the miR-143 group (P=0.031), whereas there was 
no significant difference in the caspase-3 activity between the 
miRNA and Bcl-2+miRNA groups (Figure 6B).

Discussion

To date, there are only a few studies on the regulatory role of 
miRNAs in prostate cancer [24,25]. MicroRNA-218 can inhibit 
the growth of prostate cancer, and microRNA-34a is associat-
ed with the metastasis of prostate tumor [14,15], suggesting 
that miRNAs may be involved in the occurrence and develop-
ment of prostate cancer. In this study, the effect and molecular 
mechanism of miR-143 in prostate cancer were investigated 
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Figure 4.  Western blot analyses of Bcl-2 expression in LNCap 
cells in the miR-143 and miRNA groups.
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Figure 5.  Bcl-2 interference enhanced the miR-143-induced apoptosis of LNCap cells. (A) Western blot analyses of Bcl-2 expression in 
different groups. (B) Caspase-3 activity assay in different groups. * P<0.05 compared with miRNA group. # P<0.05 compared 
with miR-143 group.
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using the LNCap cell model. It was found that miR-143 trans-
fection reduced the cell viability and induced the apoptosis 
of LNCap cells, which was consistent with the widely recog-
nized regulatory effect of miRNAs on cell growth and viability.

Bcl-2 protein has been well known as an anti-apoptotic pro-
tein [26]. Nevertheless, whether Bcl-2 is regulated by miR-143 
in prostate cancer has not been previously investigated. In this 
study, Western blot analysis showed that Bcl-2 expression in 
LNCap cells was significantly reduced after miR-143 transfec-
tion. Moreover, siBcl-2-mediated Bcl-2 interference enhanced 
the miR-143-induced apoptosis of LNCap cells, whereas Bcl-
2 overexpression inhibited the miR-143-induced cell apopto-
sis. These results demonstrated that Bcl-2 was involved in the 
miR-143-induced apoptosis of LNCap cells, indicating that Bcl-
2 might be a target for prostate cancer gene therapy [27]. To 
our best knowledge, the current study is the first report on 
the association between miR-143 and Bcl-2 in prostate can-
cer, although the anti-apoptosis effect of Bcl-2 has been pre-
viously detected in other types of cancers [23,25].

The current study has several limitations such as the lack of 
clinical data on the Bcl-2 expression in prostate cancer tissues 
and adjacent normal tissues to further support the association 
between Bcl-2 and prostate cancer. Moreover, no animal ex-
periments were performed to evaluate the feasibility and out-
come of miR-143-targeted gene therapy for prostate cancer.

Conclusions

miR-143 inhibited the proliferation and induced the apopto-
sis of LNCap cells. The inhibitory effect on cell apoptosis was 
probably achieved by down-regulating the intracellular Bcl-2 
expression, indicating that Bcl-2 might be a potential target 
for prostate cancer treatment. This study provides a theoret-
ical basis for the development of effective molecule targeted 
therapy of prostate cancer.
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Figure 6.  Bcl-2 overexpression inhibited the miR-143-induced apoptosis of LNCap cells. (A) Western blot analyses of Bcl-2 expression 
in different groups. (B) Caspase-3 activity assay in different groups. * P<0.05 compared with miRNA group. # P<0.05 
compared with miR-143 group.
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