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Abstract. Aberrant microRNA expression is associated with 
tumor development. The present study aimed to elucidate 
the role of miR‑30c in the development of prostate cancer. 
Quantitative polymerase chain reaction was performed to 
compare miR‑30c expression in LNCaP, DU145, PC‑3 and 
RWPE‑1 cell lines. Lentivirus expressing miR‑30c was used to 
create stable overexpression cell lines to investigate the effects 
of miR‑30c overexpression on cell proliferation, migration 
and invasion, which were determined in the prostate cancer 
cell line PC‑3 by MTT, colony formation, wound healing and 
Transwell assays. Effects of miR‑30c on KRAS were examined 
by western blot analysis. miR‑30c expression was significantly 
lower (P<0.05) in the PC‑3 cell line compared with LNCaP, 
DU145 and RWPE‑1 cell lines. miR‑30c overexpression in 
PC‑3 inhibited tumor cell proliferation, migration and invasion 
in vitro. Furthermore, KRAS protein expression was down-
regulated in miR‑30c overexpression cell lines compared with 
the negative control (NC) group (P<0.05). The present results 
demonstrated that overexpression of miR‑30c inhibits prostate 
cancer cell line proliferation, migration and invasion, which 
was possibly caused by downregulation of KRAS protein by 
miR‑30c. The data implicate miR‑30c in the prognosis and 
treatment of prostate cancer.

Introduction

Prostate cancer is one of the most common malignant tumors 
in the urinary and reproductive system (1‑3). Prostate cancer 
is the second most common cancer globally and has the 
sixth highest mortality rate (4). In previous years, microRNA 
(miRNA) regulation and its role in the occurrence and 
development of prostate cancer has become a focus of study.

miRNAs are 21‑25 nucleotide non‑coding, single‑stranded 
RNA, which regulate gene expression at the transcriptional 
and translational level. miRNAs may regulate tumor occur-
rence, development and prognosis through the oncogenes or 
tumor suppressor genes (5). Due to the different expression of 
miRNAs in normal tissues and malignant tissues, the expres-
sion profile of miRNAs in different tissues may be a potential 
tool for the diagnosis, targeted therapy and prognosis of tumors. 
In 2007, Porkka et al (6) used gene chip technology for the first 
time to report the different expression pattern of miRNAs in 
benign and malignant prostate tumors. Ambs et al (7) studied 
the differences in miRNA and mRNA in 60 cases of prostate 
cancer and normal prostate tissue and revealed that miRNA 
is associated with the development of prostate cancer, and 
miRNA controls tumor growth by regulating the expression 
of tumor‑associated genes to promote prostate cancer occur-
rence and development. Chen et al (8) and other comparative 
studies (9,10) of the expression of miRNA in the plasma of 
patients with prostate cancer and benign prostatic hyper-
plasia revealed that the expression of miR‑622 and miR‑1285 
significantly increased, while the expression of let‑7e, Let‑7c 
and miR‑30c significantly decreased. Therefore, the present 
study hypothesized that the differential expression of the 5 
miRNAs in the plasma may be used as a biochemical marker 
and, combined with the prostate‑specific antigen test, can be 
used in the diagnosis of prostate cancer. Sylvestre et al (11) and 
other studies (12) demonstrated that miR‑20a is overexpressed 
in prostate cancer, and overexpression of miR‑20a in PC‑3 cells 
exhibits an anti‑apoptotic effect. Qin et al (13) reported that 
miR‑24 regulates the expression of the target gene fas associ-
ated factor 1, and induces the apoptosis of hormone refractory 
prostate cancer cells. Bin et al confirmed that miR‑146a (14) 
inhibits the progression of prostate cancer tumors through the 
epidermal growth factor receptor signaling pathway.

Previous studies have demonstrated that miR‑30c is 
expressed in numerous types of malignant tumors, including 
breast, ovary, stomach and prostate cancers. Lee et al (15) previ-
ously reported that mir‑30c had significantly lower expression 
in ovarian cancer tissue compared with normal ovarian tissue, 
and additional multivariate analysis revealed that patients with 
ovarian cancer mir‑30c high expression had longer survival and 
overall survival rate. Zhou et al (16) revealed that miR‑30c is a 
tumor suppressor gene that can inhibit the growth of endome-
trial cancer by targeting the expression of metastasis‑associated 
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1. In lung cancers, Zhong et al demonstrated that low expres-
sion of miR‑30c promotes invasion by inducing epithelial 
mesenchymal transition  (17). Wu et al  (18) identified that 
miR‑30c overexpression inhibits the migration and invasion 
of the hepatocellular carcinoma cell lines SMMC‑7721 and 
HepG2. Therefore, overexpression of miR‑30c may inhibit the 
proliferation, migration and invasion of tumor cells. However, 
Rodríguez‑González et al (19) reported that high expression 
of miR‑30c may be used as an independent predictor of the 
efficacy of endocrine therapy for breast cancer and tumor 
progression free survival. Dobson et al (20) demonstrated that 
overexpression of miR‑30c in the breast cancer MDA‑MB‑231 
cell line promotes the invasive metastatic phenotype. Therefore, 
the role of miR‑30c in different tumors remains controversial.

Previous studies have reported that plasma mir‑30c exhib-
ited low expression in prostate cancer tissue (6,8). However, 
the mechanism of miR‑30c involvement in the development 
and progression of prostate cancer remains unclear, and the 
target gene is not clear. The present study aimed to examine 
the underlying mechanism of the association between miR‑30c 
and prostate cancer growth in order to provide additional 
evidence to facilitate the improvement of therapeutic strategies 
for this disease.

Materials and methods

Cell culture. LNCaP, DU145, PC‑3 and RWPE‑1 (American 
Type Culture Collection, Manassas, VA, USA) were cultured 
in Roswell Park Memorial Institute (RPMI)‑1640 medium 
with 10% fetal bovine serum (FBS; Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) and penicillin (100 U/ml). 
The cells were cultured at 37˚C with 5% CO2.

Plasmid construction and transfection. A miR‑30c expression 
vector was constructed by cloning the fragment, amplified 
from human genomic DNA by polymerase chain reaction 
(PCR) with the primers, hmiR30c‑EcoRI (forward, 5'‑CCG​
GAA​TTC​AAC​ATA​GTG​TGG​GGA​TGG​GGT‑3') and 
hmiR30c‑BamHI (reverse, 5'‑CGC​GGA​TCC​AGG​TTA​ATG​
GGA​AAC​AGG​GCT‑3') into the EcoRI and BamHI sites of 
the pLV‑mCherry(2A)puro vector. The pLV‑mCherry(2A)
puro vector and packaging vector were co‑transfected into 
HEK293T cells (American Type Culture Collection) to obtain 
high titer virus particles with replication defects. For lentiviral 
infection, cells were plated at a concentration of 1x105 cells/well 
onto 6‑well culture plates and then infected with indicated 
lentiviruses in the presence of 8 µg/ml polybrene. Following 
infection for 72 h, puromycin was added to the medium at a 
concentration of 0.5 µg/ml for PC‑3 cells and cell populations 
were selected for 2 weeks for following experiments.

Isolation of total RNA and quantitative PCR (qPCR). Total 
RNA was extracted from collected cells using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) and mRNA was 
then reverse transcribed to cDNA (Promega Corporation, 
Madison, WI, USA). U6 small nuclear RNA was used for 
normalization. The PCR reactions were performed with the 
following primers: hsa‑miR‑30c forward, 5'‑CCC​GCT​GTA​
AAC​ATC​CTA​CAC​TC‑3' and reverse, 5'‑GTG​CAG​GGT​
CCG​AGG​T‑3'; and U6 forward, 5'‑CGC​TTC​GGC​AGC​ACA​

TAT​AC‑3' and reverse, 5'‑CAG​GGG​CCA​TGC​TAA​TCT​T‑3'. 
qPCR was performed using the ABI 7900 Fast Real‑Time PCR 
system (Applied Biosystems; Thermo Fisher Scientific, Inc.).

Cell cycle analysis. The cell cycle was assessed at 24 h following 
transfection by propidium iodide staining, and measured with 
a FACS Calibur flow cytometer (BD Biosciences, San Jose, 
CA, USA). MTT PC‑3 cells were trypsinized and seeded onto 
96‑well plates at a density of 3x103 cells/well for culture. Cell 
proliferation was measured using the MTT assay 24, 48 and 
72 h after seeding. Briefly, 10 µl of MTT solution (5 mg/ml) was 
added to each well, and the cells were incubated for 3 h at 37˚C. 
The medium was then aspirated, and 150 µl of dimethyl sulf-
oxide was added. The optical density was measured at 570 nm 
with a microplate reader (Bio‑Rad Laboratories, Inc., Hercules, 
CA, USA). Three independent experiments were performed in 
quadruplicate. The cell growth inhibition rate (%)=(1‑value of 
experimental group/negative control group) x100.

Colony formation assay. The two cells types were harvested 
and 1,000 cells were inoculated in each pore of a 6‑well plate. 
The medium was changed every 2 days. After 14 days, cells 
were rinsed with 1X PBS and then fixed with methanol for 
10 min. Subsequently, cells were stained with 0.1% crystal violet 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) for >1 h.

Wound healing assay. The cells were seeded onto 6‑well 
plates and cultured with RPMI‑1640 medium. Following 24 h, 
the cells were wounded with a 200 µl pipette tip. Serum‑free 
RPMI‑1640 medium was added and wound closure was 
observed for 30 h using an XSP‑4C microscope at a magnifi-
cation of x200 (Shanghai Changfang Optical Instrument Co. 
Ltd., Shanghai, China).

Transwell assay. Cell motility was measured using an 8 µm pore 
polycarbonate membrane Boyden chamber insert in a Transwell 
apparatus (EMD Millipore, Billerica, MA, USA). The trans-
fected cells were treated with 0.2% trypsin/EDTA solution and 
washed once with serum‑containing RPMI‑1640 medium. A 
total of 1.5x105 cells in 0.2 ml serum‑free RPMI‑1640 medium 
were seeded onto a Transwell apparatus. RPMI‑1640 medium 
containing 10% FBS (600 µl) was added to the lower chamber. 
An invasion assay was conducted following the aforementioned 
procedure, with the exception that the filters of the Transwell 
chambers were coated with 45 µg Matrigel (BD Biosciences). 
Following incubation of the cells for 24, 48 and 72 h at 37˚C 
in a 5% CO2 incubator, the cells on the top surface of the 
insert were removed by wiping with a cotton swab. The cells 
that invaded to the bottom surface of the insert were fixed in 
the 100% precooling methanol for 10 min, stained with 0.1% 
crystal violet for 30 min, rinsed in PBS and then subjected to 
microscopic inspection (XSP‑4C microscope; magnification, 
x200). The values for invasion were obtained by counting three 
fields per membrane and were represented as the average of the 
three independent experiments.

Western blot analysis. The total proteins were prepared 
from the established cells. The proteins were fractionated by 
SDS‑PAGE, transferred to a polyvinylidene fluoride membrane 
(EMD Millipore), blocked in 5% dry milk at room temperature 
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for 1 h and immunostained with antibodies at 4˚C overnight 
using anti‑KRAS (dilution, 1:1,000; #sc‑30; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA) and anti‑GAPDH (dilu-
tion, 1:5,000; #sc‑47724; Santa Cruz Biotechnology, Inc.). All 
results were visualized through an electrochemiluminescence 
substrate western blotting detection system (Pierce; Thermo 
Fisher Scientific, Inc.) and then exposed by the Molecular 
Imager ChemiDoc XRS System (Bio‑Rad Laboratories, Inc.). 
The integrated density of the band was quantified by ImageJ 
software v1.37 (Bio‑Rad Laboratories, Inc.).

Statistical analysis. The 2‑∆∆Cq method was used to analyze the 
results of qPCR in all the experiments performed in the present 
study (21). Statistical analysis was performed using SPSS 10.0 
(SPSS, Inc., Chicago, IL, USA) and presented with GraphPad 
prism software v6.01 (GraphPad Software, Inc., La Jolla, CA, 
USA). The results obtained from experiment in vitro assays 
are presented as the mean ± standard deviation from at least 
3 independent experiments, and the data were analyzed by the 
t‑test. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Expression of miR‑30c in the PC‑3 cell line is lower than 
other human prostate cell lines. It was reported that the 
expression level of miR‑30c in prostate cancer tissue and 
plasma was low (22). In order to study the function of miR‑30c 
in the prostate cell lines, the expression of miR‑30c in human 
prostate cell lines was tested by reverse transcription‑qPCR. 
PC‑3 was revealed to possess significantly lower miR‑30c 
expression than the LNCaP, DU145 and RWPE‑1 cell lines 
(P<0.001; Fig. 1). Therefore, based on this expression pattern, 
the PC‑3 cell line was selected to verify the effect of miR‑30c.

miR‑30c regulates the cell cycle of PC‑3 cells in vitro. To 
examine the mechanism underlying the effect of miR‑30c 
on tumor growth in prostate cancer, the PC‑3 cells were 
transfected with control miRNA (NC) and miR‑30c. The 
transfection efficiency was validated by qPCR. The cell cycle 
assay performed by fluorescence correlation spectroscopy 
demonstrated that overexpression of miR‑30c caused the accu-
mulation of PC‑3 cells in the G2/M phase compared with the 
NC (P<0.05; Fig. 2). The results indicated that miR‑30c may 
inhibit growth of the PC‑3 cell line in vitro.

miR‑30c overexpression inhibits the growth of the PC‑3 cell 
line. To verify whether miR‑30c regulates tumor growth in 
prostatic cancer, the MTT test was used to study PC‑3 cell 
growth, which had been transfected with miR‑30c NC or 
miR‑30c. The transfection efficiency was validated by qPCR. 
Overexpression of miR‑30c significantly inhibited the growth 
of PC‑3 cells compared with the control at 48 and 72 h (P<0.05; 
Fig. 3). The present results indicated that miR‑30c inhibits the 
growth of the PC‑3 cell line in vitro.

Role of miR‑30c overexpression in the PC‑3 cell line colony 
formation ability. To assess whether the overexpression of 
miR‑30c expression affected the tumorigenic properties 
of the cells, the colony formation assay was used (Fig. 4). 

Following inoculation for 14  days, miR‑30c transfected 
cells exhibited a significantly lower colony formation ability 
compared with the control cells. Therefore, it was concluded 

Figure 1. miR‑30c expression is lower in the PC‑3 cell line compared with 
other prostate cancer cell lines. Expression levels of miR‑30c in prostatic 
cancer cell lines were determined by quantitative polymerase chain reaction. 
PC‑3 cells compared with RWPE, DU145 and LNCaP cells.

Figure 2. miR‑30c negatively regulates the PC‑3 cell line cell cycle. G2/M 
phase cells in miR‑30c overexpression cells (PC‑3‑miR30c) compared with 
NC overexpression cells (PC‑3‑NC). **P<0.001. NC, control miRNA.

Figure 3. miR‑30c inhibits PC‑3 cell growth. Effects of miR‑30c on the 
proliferation of PC‑3 cell lines were analyzed by MTT at 24, 48 and 72 h. 
**P<0.001. NC, control miRNA.
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that miR‑30c contributed to the regulation of PC‑3 cell line 
growth.

miR‑30c regulates the invasion of PC‑3 cells in  vitro. To 
examine whether miR‑30c affects tumor cell invasion, the 
PC‑3 cells were transfected with miR‑30c and NC. The trans-
fection efficiency was validated by qPCR. The wound healing 
assay demonstrated that the overexpression of miR‑30c was 
able to suppress PC‑3 cell healing (Fig. 5). Furthermore, the 
Transwell assay demonstrated that overexpression of miR‑30c 
attenuated PC‑3 cell invasion (Fig. 6). These results indicated 
that overexpression of miR‑30c may inhibit invasion of the 
PC‑3 cell line in vitro.

Overexpression of miR‑30c is associated with the downregu‑
lation of KRAS expression. It was previously reported that 
KRAS is a target of miR‑30c in breast cancer (23). The present 
study aimed to investigate whether miR‑30c can control KRAS 
in prostatic cancer. Using western blot analysis, overexpression 
of miR‑30c was revealed to significantly inhibit the expres-
sion of KRAS protein compared with the control (Fig. 7). The 

Figure 4. Overexpression of miR‑30c inhibits the colony forming ability of the PC‑3 cell line. (A) Colony formation assay of PC‑3 NC cells at 14 days following 
inoculation. (B) Colony formation assay of PC‑3 miR‑30c cells at 14 days following inoculation. NC, control miRNA.

Figure 5. Effects of miR‑30c expression on PC‑3 cell wound healing. Images 
were captured at 0 and 24 h post‑wounding (magnification, x200).

Figure 6. Effects of miR‑30c expression on PC‑3 cell invasion. The Transwell 
assay was performed as described in the methods. (A) The representative 
images of invasive cells at the bottom of the membrane stained with crystal 
violet were visualized at 24, 48 and 72 h. (B) Statistical analysis of Transwell 
assay data at 24, 48 and 72 h. *P<0.05; **P<0.001. Magnification, x200.

Figure 7. miR‑30c expression controls the expression levels of the tumor 
suppressor gene KRAS. Western blot analysis of KRAS protein in miR‑30c 
expression and control miRNA PC‑3 cell line, using GAPDH as a control.
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present data indicated that there may be a common underlying 
mechanism of tumor progression.

Discussion

In the present study, it was demonstrated that overexpression 
of miR‑30c inhibits prostate cancer cell line proliferation, 
migration and invasion, which is possibly involved in down-
regulation of KRAS protein. Thus, the data provided support a 
mechanism by which miR‑30c serves a tumor suppressive role 
in prostate cancer.

It was previously reported  (6,8) that plasma mir‑30c 
exhibits low expression in prostate cancer tissue. At present, 
however, the mechanism of miR‑30c involvement in the devel-
opment and progression of prostate cancer remains unclear, 
and the target gene is also uncertain. The present study aimed 
to examine the underlying mechanism of the association 
between miR‑30c and prostate cancer growth, in order to 
provide additional evidence to facilitate improvement of the 
therapeutic strategies for this disease.

miRNA expression profiles are distinct among different 
tumor types and often reflect the tissue of origin and differentia-
tion state of the tumor (24,25). Previous studies have shown that 
miR‑30c is overexpressed in breast cancer (26,18). By contrast, 
miR‑30c has low expression in prostate cancer tissue and plasma. 
The role of miR‑30c involved in the development and progression 
of prostate cancer is not clear, and the target gene is not clear. In 
the present study, it was confirmed that miR‑30c expression is 
lower in the PC‑3 cell line compared with other prostate cancer 
cell lines; therefore, the PC‑3 cell line was used to study the 
function of miR‑30c. To investigate the role of miR‑30c in pros-
tate cancer, PC‑3 cell lines overexpressing miR‑30c were used. 
Reduced tumor proliferation and cell cycle block was identified 
in miR‑30c overexpression PC‑3 cells compared with negative 
control miRNA overexpression PC‑3 cells, which indicated that 
the miR‑30c suppresses tumor metastasis.

It was previously reported that miR‑30c can regulate 
KRAS in breast cancer (23), and the present study revealed 
that KRAS was downregulated in miR‑30c overexpression 
cells compared with control cells. This indicated that KRAS 
may be a common target of miR‑30c in different types of 
tumors.

In conclusion, the present study demonstrated that overex-
pression of miR‑30c inhibits prostate cancer cell proliferation, 
migration and invasion. miR‑30c‑mediated inhibition of PC‑3 
invasive phenotypes may be caused by the downregulation of 
KRAS protein.
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