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Summary

Purpose: Prostate cancer causes significant mortality and 
microRNAs (miRs) have been shown to regulate the growth 
and metastasis of different cancers. In this context, the pre-
sent study was designed to investigate the potential of miR-
151 in the treatment of prostate cancer. 

Methods: The normal and the prostate cancer cell lines (LN-
CaP, PC-3 and Du-145) were used in this study. The expres-
sion of miR-151 was determined by qRT-PCR. The DAPI and 
annexin V/propidium iodide (PI) staining were used for the 
detection of apoptosis. Transwell assay was used for the esti-
mation of cell migration and invasion. Western blot analysis 
was used for the determination of the protein expression. 

Results: miR-151 was downregulated in prostate cancer 
cells and showed inhibitory effect on cell growth which was 

manifested as decline in cell survival and loss of viability of 
cancer cells. Additionally, the chemosensitivity of prostate 
cancer cells to 5-FU was enhanced under miR-151 overex-
pression. Furthermore, miR-151 also inhibited the migration 
and invasion of cancer cells. The results of western blot anal-
ysis showed that miR-151 overexpression blocks the Pi3K/
AKT signalling pathway in prostate cancer cells

Conclusion: Taken together, miR-151 has growth inhibi-
tory effect against prostate cancer and negatively regulates 
the cell migration and invasion along with enhancement of 
chemosensitivity of cancer cells.
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Introduction

 The 4th foremost type of cancer and second 
frequent cancer in males, prostate cancer, is re-
sponsible for significant number of deaths world-
wide. More than 1 million men were diagnosed 
with prostate cancer in 2012 accounting for about 
15% of all the malignancies diagnosed in men. 
Moreover, approximately 0.35 million deaths were 
reported due to prostate cancer in 2012 [1]. Ow-
ing to changing lifestyle, the incidence of prostate 
cancer is believed to increase significantly in the 

coming decade. According to recent reports the 
number of prostate cancer cases will increase to 
1.7 million and the number of deaths will increase 
approximately to 0.5 million. Prostate cancer is 
rare in people below the age of 40 years and most 
of the prostate cancer cases are reported in elderly 
people above the age of 65 years [2]. Surgery, radio- 
and chemotherapy and hormonotherapy are used 
separately or in combination for the management 
of this disease. Nonetheless, the frequent relaps-
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es, poor survival rates and increasing incidence of 
prostate cancer demands the development of novel 
and effective treatment strategies [3]. Researchers 
have proved that there is an active involvement of 
an important class of RNA molecules, the miRs, in 
most of the human cancers [8-10]. MiRs are small 
non-coding regulatory RNAs, usually 20-22 nucle-
otides in length, which act at post-transcriptional 
level and repress their target genes by binding to 
mRNA untranslated (3’ and 5’) regions [4]. Almost 
60% of eukaryotic genes are believed to be regu-
lated by miRs [5]. MiRs are generally repressed 
in human cancers but this is not true for all cases 
[6]. They act as tumor suppressors or oncogenes 
to regulate tumorigenesis and progression of hu-
man cancers along with playing a significant role 
in metastasis to surrounding tissues [7]. Studies 
have revealed dysregulation of miRs in prostate 
cancer [8]. In this context the present study was 
designed to investigate the potential of miR-151 
in the treatment of prostate cancer. 

Methods 

Cell lines culture conditions

 The normal prostate epithelium PNT2 cells and 
the prostate cancer cell lines LNCaP, PC-3 and Du-145 
were procured from Type Culture Collection of Chinese 
Academy of Sciences, Shanghai, China. The cells were 
cultured in RPMI-1640 medium containing 10% fetal 
bovine serum (FBS), 100 μg/ml streptomycin and 100 
U/ml penicillin in a humidified atmosphere containing 
5% CO2.

Expression analysis

 The transfected PC-3 prostate cancer cells and 
subsequently RNS were isolated from these cells by 
RNeasy Kit (Qiagen, Hilden, Germany). Following RNA 
extraction, the Omniscript RT kit (Qiagen, Hilden, Ger-
many) was used to synthesize the cDNA from 1 μg of 
RNA. Thereafter, qRT-PCR was employed to determine 
the expression using the Taq PCR Master Mix Kit (Qia-
gen, Hilden, Germany) as per the guidelines of the 
manufacturer.

Proliferation assay

 The estimation of proliferation of prostate cancer 
cells was made through MTT assay. In brief, the PC-3 
cancer cells were stably transfected with miR-NC and 
miR-151 mimics for 48h. Transfected cells were sub-
sequently cultured in 96-well plates for 24, 28, 72, 96h 
at 37°C and 5% CO2. For chemosensitivity assessments, 
miR-151 cancer cells and non-transfected cells were 
administered 0.5 μM 5-FU. Around 10μl of Dulbecco’s 
Modified Eagle’s Medium (DMEM) from each well 
was replaced with 10μl of 5% 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide (MTT, Thermo 
Fisher Scientific (Weltham, MASS, USA) and again re-

peat incubation of 4h at 37°C was performed. Then, 150 
μl of DMSO was added to each well for dissolving the 
formazan crystals. Subsequently, absorbance at 450nm 
was recorded with a microplate reader (BioTek, Syner-
gy2, Northern Vermont, USA).

Apoptosis assay

 The transfected PC-3 cells were used for the as-
sessment of the nuclear morphology after staining with 
DAPI stain for 25 min at 20°C.  After fixation with 70% 
methanol, the nuclear morphology was investigated by 
fluorescence microscopy. Five different random fields 
were selected for fluorescence microscopy. The annexin 
V-FITC/PI assay was performed as determined previ-
ously [9].

Migration and invasion assay

 Transwell chamber without or with Matrigel coat-
ing was used to assess the migration and invasion of 
transfected cancer cells respectively. Briefly, 100μl cell 
culture containing 6000 cells was added to the upper 
chamber of the transwell and in the lower chamber 750μl 
of DMEM medium were placed, supplemented with 10% 
FBS. After 48h incubation at 37°C/5%CO2, cells from the 
surface of membrane’s upper side were removed care-
fully with cotton swabs, while those sticked to lower 
side of membrane were fixed with 70% ethyl alcohol and 
stained with 0.1% crystal violet. Light microscope (x100) 
was used for visualization of cells and photographs were 
taken. At least seven random fields were used for count-
ing the migratory or invasive cells.

Western blotting

 Transfected PC-3 cells were subjected to mechanical 
lysis with ice-cold hypotonic buffer. The buffer contained 
protease inhibitors. The protein content of the PC-3 cell 
lysates were evaluated by bicinchoninic acid (BCA) assay. 
Similar quantities of the proteins from each sample were 
loaded and subsequently separated on SDS-PAGE. After 
transferring the gels to the nitrocellulose membranes, 
the membranes were treated with primary antibodies 
for 55 min for at 23°C.  This was followed by incubation 
with secondary antibody. The visualisation of the bands 
was carried out by chemiluminescence reagent.

Statistics

 Three independent experiments were performed to 
confirm the present data. The values are shown as mean 
± SD. Student’s t-test and one-way ANOVA were used for 
comparisons between two samples. P<0.05 was consid-
ered statistically significant. 

Results

miR-151 is downregulated in prostate cancer cells

 The qRT-PCR analysis was performed to ex-
amine the relative expression levels of miR-151 
in prostate cancer cell lines (LNCaP, PC-3 and Du-
145) and normal prostate cells.  The expression of 
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miR-151 was up to 5-fold lower in prostate cancer 
cell lines (Figure 1). The miR-151 was seen to have 
significantly lower expression in all three cancer 
cell lines, being lowest in PC-3 cell line (Figure 1). 
This suggested a probable regulatory role of miR-
151 in prostate cancer.

miR-151 inhibits the growth of PC3- cells

 To decipher miR-151 role in the regulation of 
prostate cancer growth, miR-151 mimics and miR-
NC were transfected into PC-3 cancer cells for 48 h 
and stable transfection was confirmed by RT-PCR 
(Figure 2A). MTT assay was performed following 
the culturing of transfected cells for 0, 12, 24, 48 
and 96 h. At all the time points, the cell growth was 
significantly lower under miR-151 overexpression 
(Figure 2B). 

miR-151 induces apoptosis in PC-3 cells

 Assessment of nuclear morphology by DAPI 
staining revealed that transfection of miR-151 

mimics induces changes in the nuclear morphol-
ogy of the PC-3 cells suggestive of apoptosis (Fig-
ure 3A). To confirm apoptosis, annexin V/PI stain-
ing assay was performed which revealed increase 
in the apoptotic cell percentage (Figure 3B). The 
apoptotic cell percentage was found to be 32.81 
in miR-151 mimics transfected in comparison to 
2.01% in miR-NC transfected cells (Figure 3B)

miR-151 regulates chemosensitivity of PC-3 cells

 The effects of miR-151 overexpression on che-
mosensitivity of PC-3 cells was determined with 
5-FU. Assessment of proliferation rate was made 
through MTT assay for miR-NC, miR-151 mimics-
transfected cells along with 5-FU (0.5 μM) admin-
istered miR-NC and miR-151 mimics-transfected 
cancer cells. Cancer cell proliferation was lowest 
under miR-151 overexpression plus 5-FU as com-
pared to 5-FU or miR-151 overexpression separate-
ly (Figure 4). Together, the results are indicative 
that miR-151 has a potential to increase the che-
mosensitivity of prostate cancer cells to drug treat-
ment and thus strongly advocate the application of 
combinatorial molecular and chemostherapeutic 
against human prostate cancer.

miR-151 inhibits the migration and invasion of the 
PC-3 cells

 Migratory and invasive potential of PC-3 
cancer cells under miR-151 overexpression and 
downregulation was determined through transwell 
chamber assay using miR-NC transfected cells as 
negative control. Both the migration and invasion 
of cancer cells decreased significantly under miR-
151 overexpression but the downregulation of 
miR-151 was seen to enhance the cell migration 
and invasion (Figure 5A and B). The migration and 

Figure 1. qRT-PCR analysis showing the expression of 
miR-151 in normal and prostate cancer cells. The experi-
ments were performed in triplicate and the values are ex-
pressed as mean ± SD (*p<0.05).

Figure 2. A: The qRT-PCR analysis showing the expression of miR-151 in miR-NC and miR-151 mimics transfected 
PC-3 prostate cancer cells. B: Cell viability of the miR-NC and miR-151 mimics transfected PC-3 cells. The experiments 
were performed in triplicate and the values are expressed as mean ± SD (*p<0.05). 
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invasion of cancer cells was reduced by 63 and 68% 
under miR-151 overexpression Thus it is concluded 
that miR-151 negatively regulates the migration 
and invasion of prostate cancer cells.

miR-151 effects the PI3K/AKT signalling pathway

 The effects of miR-151 overexpression were 
also examined on the Pi3K/AKT signalling path-
way in PC-3 cells. The results clearly showed that 
overexpression of miR-151 suppresses the phos-
phorylation of PI3K and AKT. Nonetheless, no vis-
ible effect was observed on the total PI3K and AKT 
content. 

Discussion

 MiRs regulate the expression of a number of 
human genes and are thus involved in diverse cel-
lular and physiological processes. For the first time 
it was found in Caenorhabditis elegans that miRs 
regulate the expression of genes. Since then lots of 
research has been made in the field of miRs. They 
have been reported to control not only the overall 
development of animals but also exhibit vital roles 
in fine designing of cellular fate and differentiation 
[10]. Disease development in animals is one of the 
prime aspects of animal biology falling under the 
regulation of this important group of regulatory 
RNAs. Dysregulation of miRs has been shown to in-
fluence the onset and proliferation of almost all hu-
man cancers and researchers are actively involved 
in elucidating the role of miRs in different human 
cancers, henceforth to understand the molecular 
mechanisms which lead to deviation of controlled 
cellular plan and initiate the development of ma-
lignant growth. Studies on prostate cancer have 
enlightened the involvement of a number of miRs 

Figure 3. A: DAPI staining showing miR-151 overexpres-
sion induces apoptosis in the miR-151 overexpressing PC-3 
cells. B: Annexin V/PI staining showing that miR-151 in-
creases apoptosis in the PC-3 cells. The experiments were 
performed in triplicate.

Figure 4. The cell viability assay showing miR-151 overex-
pression increases the sensitivity of the PC-3 cells to 5-FU. 
The experiments were performed in triplicate and expressed 
as mean ± SD (p<0.05).

Figure 5. A: Cell migration assay and B: cell invasion assay showing that miR-151 decreases the migration and invasion 
of the PC-3 cells. The experiments were performed in triplicate and expressed as mean ± SD (*p<0.05).
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in the growth and development of this malignancy 
[8,10,11]. The miR-151 has been shown to control 
the metastasis of the breast cancer [12]. The same 
miR has been observed to be involved in the devel-
opment of cholangiocarcinoma [13]. In yet another 
study, miR-151 has been shown to regulate the mi-
gration and invasion of hepatocellular carcinoma 
[14]. The results of this study also suggest a similar 
type of regulation in prostate cancer and miR-151 
was seen to negatively regulate the prostate cancer 
cell growth and its overexpression decreased the 
viability of cancer cells. Drugs such as 5-FU have 
been used for treating prostate cancer [15]. When 
prostate cancer cells were administered with 5-FU 
treatments along with miR-151 overexpression, the 
cancer cell growth was affected significantly and 
it was very low in comparison to the drug treat-
ment alone. Hence, our study explored one more 
candidate miR having the potential to increase the 

chemosensitivity of prostate cancer cells towards 
the administration of anticancer drug molecules.  
Cell migration and invasion are the two vital pro-
cesses required for the metastasis of cancer cells 
[16]. Herein we found that miR-151 overexpression 
inhibited both the migration and invasion of the 
cancer cells. Furthermore, miRs have been reported 
to exert their effects by  modulating different sig-
nalling pathways [17]. In this study we reported 
for the first time that miR-151 exerts its effects 
by suppressing the PI3K/AKT pathway in the PC-3 
cells. To sum up, this study explored the anticancer 
role of miR-151 against the prostate cancer cell 
proliferation, together with its regulatory potential 
to enhance the chemosensitivity of cancer cells and 
to reduce the cancer metastasis through targeting 
of PI3K/AKT pathway.

Conclusion

 Taken together the results of the present study 
indicated that miR-151 is aberrantly suppressed in 
prostate cancer. It regulates the growth and metas-
tasis of prostate cancer and may act as a therapeu-
tic target for treatment of this disease.
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Figure 6. Western blot analysis showing that miR-151 
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and AKT in PC-3 cells dose-dependently. The experiments 
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