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migration, promotes cell apoptosis in prostate cancer 
cells through upregulating MAP3K1, PTPRK and SRA1
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Abstract: Objective: miRNAs, altered expression manner in prostate cancer, have involved in cancer development 
by regulating proliferation, differentiation, invasion, metabolism and apoptosis. Recently, it has been found that 
miRNA-627 might mediate colorectal cancer cells as a tumor-suppressor. However, its role on prostate cancer cells 
remains unknown. Methods: Following transfection with miRNA-627, miRNA-627 expression, cell proliferation, cell 
cycle, cell apoptosis, migration assay, and real-time PCR analysis were performed in prostate cancer cells. Results: 
It was found that miRNA-627 inhibited cell proliferation, retarded cell cycle and cell migration in prostate cancer 
cells. Additionally, miRNA-627 promoted cell apoptosis and upregulated the mRNA levels of MAP3K1, PTPRK and 
SRA1. Conclusion: Collectively, miRNA-627 interrupts prostate cancer development as suppressing cell prolifera-
tion, migration and promoting cell apoptosis and tumor suppressor genes expression, which might provide promis-
ing therapeutic effect in the treatment of prostate cancer.
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Introduction

Prostate cancer is one of the most common 
tumors for elderly male. There is still lack of 
effective treatment for prostate cancer [1, 2]. 
The pathogenesis of prostate cancer is still 
unclear. It has been shown that miRNAs are 
closely related to the occurrence and develop-
ment of prostate cancer [3, 4]. Expression lev-
els of a variety of miRNAs are different in the 
non-malignant and prostate cancer tissues; 
there are also different miRNAs expression 
manners between localized prostate cancer 
and metastatic prostate cancer [5-7]. There- 
fore, miRNAs are expected to become impor-
tant targets for prostate cancer treatment [8]. 
However, which specific miRNA associated with 
the occurrence and development of prostate 
cancer remains unknown. 

It is found that miRNAs are participated in the 
regulation of cell activity and biological pro-
cesses through mediating the expression of 
encoded protein [9]. This regulating effect of 

miRNAs is not a one-to-one relationship; single 
miRNA can control multiple target genes and 
then result in different functional changes. 
Some specific miRNAs are found that involved 
in the regulation of cancer cell activities includ-
ing differentiation, proliferation, apoptosis, and 
metastasis, which can be used as a specific 
signs and benefit to the clinical diagnosis, treat-
ment and prognosis of tumors [9]. In recent 
years, numerous studies have found that a vari-
ety of miRNAs are abnormally expressed in vari-
ous kinds of prostate cancer tissue and the 
prostate cancer cells [10-13]. Sathish K.R. Padi 
and the colleagues found that miRNA-627 was 
lowly expressed in colorectal cancer cells, 
which contributed to the anticancer activities of 
calcitriol in colon cancer by targeting histone 
demethylase JMJD1A [14]. Through miRNA-
627, calcitriol induced histone methylation and 
suppressed the expression of growth-promot-
ing genes such as GDF15 [14]. However, the 
expression level and role of miRNA-627 in pros-
tate cancer are still unknown. Hence, the pres-
ent study would try to study the impact of 
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miRNA-627 on proliferation, migration and 
apoptosis of prostate cancer cells, and provide 
new target for the treatment of prostate 
cancer.

Materials and methods

Cell culture and transfection

Prostate cancer cell line, DU145, was pur-
chased from the cell bank of the Chinese 
Academy of Sciences (Shanghai, China). The 
cells were cultured in DMEM/F12 medium 
(11320, Gibco) supplemented with 10% fetal 
bovine serum (SV30087.02, Hyclone) in 5% CO2 
at 37°C. Cells were passaged every 2 days by 
using trypsin/EDTA (11668-500, Invitrogen). In 
the present study, lenti-miRNA-627 was gener-
ated to express miRNA-627 (Obio Technology, 
Shanghai, China); and a similar lentivirus vector 
encoding the EGFP gene was used as a nega-
tive control (NC group) (Obio Technology, Shang- 
hai, China). DU145 cells were transfected with 
recombinant lentivirus at a multiplicity of infec-
tion (MOI) of 0, 10, 20, 40 and 80 particles per 
cell, with 5 μg/ml polybrene (H9268, Sigma) to 
choose the proper transfection condition. With 
the proper MOI, the cells were treated with 2 
μg/ml puromycin (P8833, Sigma) to choose 
stable cell line to do subsequent experiments.

Cell proliferation assay 

CCK8 (CK04, Dojindo, Japan) assay was used 
for detecting cell proliferation. In the present 
study, 100 μl cells (2,000 cells/per well) were 
added into a 96-well plate. After cultured in an 
incubator chamber (311, Thermo) at 37°C and 
5% CO2, cells were transfected with lenti-miR-
NA-627 and control vector. At the time points of 
0, 24, 48, 72 and 96 h, 10 μl CCK8 solution 
was dropped into each well. The cells were 
incubated for another four hours. A microplate 
reader (Infinite M1000, TECAN) was performed 
to measure the absorbance of each plate at 
450 nm (OD 450 nm).

Cell cycle assay

Collected about 1×106 prostate cells of each 
group to perform cell cycle analysis. Fixed by 
pre-cooling 75% ethyl alcohol, the cells were 
incubated overnight at 4°C. Next day, removed 
the alcohol. The cells were washed with PBS 

again; and then suspended in a mixture com-
bined by 500 μl PBS, 500 μl RNase A (R9009, 
Sigma) and 100 μl propidium iodide (PI) (P- 
4170, Sigma). One hour later, cells were filtered 
by using 40 μm cell strainers (352340, BD 
Falcon) and then performed on flow cytometry 
(FACSCalibur, BD). The data was analyzed by 
ModFit software (Verity Software House), and 
the figures were performed by GraphPad Prism 
(Ver5, GraphPad Software).

Cell migration assay

Scratch test was used to detect the migration 
ability of the prostate cancer cells. A 200 μl 
pipette was used to vertically scratch the sur-
face of cells. Cells were washed with PBS for 
three times and then cultured with a serum-
free culture medium. Cells were cultured in a 
5% CO2 incubator at 37°C, this moment was 
marked as 0 h. At 12, 24 and 48 h time points, 
the scratches were observed and the migration 
ability of the prostate cancer cells was deter-
mined through measuring the wound increased 
area.

Cell apoptosis assay

Annexin-PE was purchased from Beyotime 
Biotechnology (C1062, Wuhan, China) to evalu-
ate cell apoptosis. The prostate cancer cells 
(1×106) were collected and then centrifuged at 
500 g for 5 min. The cells were suspended and 
then went to centrifugation again. Next, the 
cells were suspended with 200 μl Annexin-V-PE 
to label the cells. After 10 minutes cultured in 
the dark at room temperature, the cells were 
detected by flow cytometry (FACSCalibur, BD, 
USA). 

Real-time PCR assay

Total RNA was extracted from prostate cancer 
cells by using TRIzol reagent (15596018, 
Invitrogen) according to the manufacturer’s 
instructions. Synthesis of cDNA was performed 
by using the Transcriptor First Strand cDNA 
Synthesis Kit (04896866001, Roche). Gene 
differences were detected by using SYBR green 
(04913850001, Roche). In the present study, 
actin gene expression was used as an internal 
control. The reaction conditions were as fol-
lows: 95°C for 30 sec; 95°C for 5 sec and 60°C 
for 34 sec (40 cycles); 95°C for 1 min; 55°C for 
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Figure 1. miRNA-627 expression level was significantly increased in DU145 cells with lenti-miRNA-627 transfection. 
A: The transfection efficacy of multiplicity of infection (MOI) 0, 10, 20, 40 and 80 particles per cell were detected 
with GFP. B: The expression of GFP was increased in the MOI 20 after 72 h transfection. C: After 72 h transfection, 
non-transfected DU145 cells were screened with puromycin for 2 weeks. D: The level of miRNA-627 was significantly 
increased in DU145 cells with lenti-miRNA-627 transfection (n=6 samples per group). *P<0.05 vs. Blank.

Figure 2. miRNA-627 inhibited the proliferation of DU145 cells and retarded the cells in the phase of G0/G1. A: 
The CCK8 assays revealed that the proliferation of DU145 cells was inhibited by miRNA-627 overexpression (n=6 
samples per group). B and C: Representative and statistical results of cell cycle in DU145 cells of the indicated 
groups (n=3 independent experiments). *P<0.05 vs. NC (negative control).
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1 min; 55°C to 95°C for 4 sec (81 cycles). The 
expression levels of each gene were quantified 
through the analysis of the Cq. The primer  
of miRNA-627 was purchased from GeneCo- 
poeiaTM (HmiRQP0735). The sequences of oth- 
er primers pairs (Sangon Biotech, Shanghai, 
China) in the present study were displayed as 
follows: MAP3K1: 5’-CAGAGATGTCAAAGGTGC- 
C-3’ and 5’-TGTTGACCTCTTAGTACCTCAG-3’; PT- 
PRK: 5’-TCGACTTGTCCCAGGGCT-3’ and 5’-CA- 
GATAACCTTCCTGTGGTCTTG-3’; SRA1: 5’-GTG- 
GCCACACAAGGAAGCA-3’ and 5’-CGGTGGCTT- 
GAAAGCTCTTG-3’; actin: 5’-TTCTACAATGAGCT- 
GCGTG-3’ and 5’-CTCAAACATGATCTGGGTC-3’.

Statistical analysis

Data was presented as mean ± SD. Student’s t 
test was used for statistical analyses between 
two groups. Significant difference was obtained 
when a p value <0.05. SPSS 17.0 was used for 
all data analysis.

Results 

The miRNA-627 expression level was signifi-
cantly increased in the prostate cancer cells 
with lenti-miRNA-627 transfection

To further ascertain the function of miRNA-627 
on prostate cancer, we used lentivirus vector  
to overexpress miRNA-627 named lenti-miR-
NA-627 in DU145 cell line (a prostate cancer 
cell line). Firstly, to choose the appropriate mul-
tiplicity of infection (MOI), we checked the 
effects of 0, 10, 20, 40 and 80 particles per 
cell. As revealed in Figure 1A, it was found  
that the transfection efficacy was significantly 
increased in MOI20, MOI40 and MOI80. Accor- 

ding to the principle of high transfection effica-
cy, low MOI and cytotoxicity, MOI20 was select-
ed in subsequent experiments (Figure 1B and 
1C). Next, expression level of miRNA-627 in the 
group with lenti-miRNA-627 transfection was 
detected; it was found that miRNA-627 expres-
sion level was significantly increased in the 
prostate cancer cells with lenti-miRNA-627 
transfection (Figure 1D). These results indicat-
ed that lenti-miRNA-627 transfection in the 
prostate cancer cells was successful and the 
transfection efficacy of MOI20 was appropriate 
in the present study.

miRNA-627 inhibited the proliferation of the 
prostate cancer cells and retarded the cells in 
the phase of G0/G1

To investigate the influence of miRNA-627 on 
cell proliferation, we performed a CCK8 assay. 
As shown in Figure 2A, upregulation of miRNA-
627 significantly suppressed cell proliferation. 
It was revealed that after 72 h, the inhibition 
effect of miRNA-627 reached highest in the 
prostate cancer cells. The result indicated that 
miRNA-627 might play a suppressive role on 
prostate cancer cells proliferation in vitro. In 
order to elucidate the mechanism of cell prolif-
eration regulated by miRNA-627, the effect of 
miRNA-627 on cell cycle progression was fur-
ther evaluated. It was revealed that the G2/M-
phase population was significantly decreased 
whereas the G0/G1-phase was significantly in- 
creased in lenti-miRNA-627 group, when com-
pared to the negative control (NC) group (Fig- 
ure 2B and 2C). These results indicated that 
miRNA-627 induced cell cycle arrest in the 
phase of G0/G1 and then inhibited the prolifer-
ation of the prostate cancer cells.

Figure 3. miRNA-627 suppressed the migration of the prostate cancer cells. A and B: Representative and statistical 
results of wound average area detected by scratch test in DU145 cells (n=3 independent experiments). *P<0.05 
vs. NC (negative control).
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miRNA-627 suppressed the migration of the 
prostate cancer cells

To measure the effect of miRNA-627 on cell 
migration, scratch test was used. As demon-
strated in Figure 3A and 3B, miRNA-627 re- 
sulted in a higher wound increased area than 
that of the NC group at the time points of 12 h, 
24 h and 48 h. These results indicated that 
miRNA-627 inhibited migration in the prostate 
cancer cells.

miRNA-627 promoted apoptosis of the pros-
tate cancer cells

To determine the effect of miRNA-627 on cell 
apoptosis, flow cytometry was applied to mea-
sure the apoptosis percentage. As demonstrat-
ed in Figure 4A and 4B, miRNA-627 resulted in 
a higher apoptosis percentage than that of the 
NC group. The result indicated that miRNA-627 

promoted cell apoptosis in the prostate cancer 
cells.

Expression levels of MAP3K1, PTPRK and 
SRA1 were increased in the prostate cancer 
cells after infected with lenti-miRNA-627

To further investigate the role of miRNA-627 on 
the prostate cancer cells, the mRNA levels of 
MAP3K1, PTPRK and SRA1 were measured by 
RT-PCR. As shown in Figure 5A-C, miRNA-627 
could increase the mRNA levels of MAP3K1, 
PTPRK and SRA1. The result indicated that 
miRNA-627 might promote the expression of 
tumor suppressor genes in the prostate cancer 
cells.

Discussion

miRNAs have been indicated to play important 
roles in the regulation of cancer cell functions 

Figure 4. miRNA-627 promoted apoptosis of the prostate cancer cells. A and B: Representative and statistical re-
sults of cell apoptosis detected by flow cytometry in DU145 cells (n=3 independent experiments). *P<0.05 vs. NC 
(negative control).

Figure 5. Expression levels of MAP3K1, PTPRK and SRA1 were increased in the prostate cancer cells after trans-
fected with lenti-miRNA-627. The relative mRNA levels of MAP3K1 (A), PTPRK (B) and SRA1 (C) in DU145 cells of the 
indicated groups (n=6 samples per group). *P<0.05 vs. NC (negative control).
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including differentiation, proliferation, apopto-
sis, and metastasis [9, 15]. In the present 
study, it was demonstrated that the overex-
pression level of miRNA-627 was contributed 
to the antitumor activities including inhibiting 
cell proliferation and cell migration, promoting 
cell apoptosis and the expression of MAP3K1, 
PTPRK and SRA1 in the prostate cancer cells.

The miRNA-627 is a newly found member of 
miRNA family [16]. Previously, it was found that 
miRNA-627 level in human colon cancer was 
significantly lower than that in the normal tis-
sues [14]. However, there was no correlation 
between miRNA-627 expression and tumor 
grade of differentiation or tumor sites (left or 
right colon). It might indicate that miRNA-627 
expression was decreased during the early 
stage of carcinogenesis in the colon [14]. It has 
been shown that miRNA-627 could slow down 
colon cancer growth in vivo, and this antitumor 
effect could be related to JMJD1A, which is  
an iron- and 2-oxoglutarate-dependent dioxy-
genase which catalyzes the demethylation of 
mono- and dimethylated H3K9 and involves  
in promoting colon cancer growth [14]. It was 
found that cytochrome P450 enzyme CYP3A4-
mediated metabolism of irinotecan could po- 
tentially serve as a mechanism of drug resis-
tance in cancer chemotherapy [17]. More im- 
portantly, another study demonstrated that 
miRNA-627-mediated downregulation of CYP- 
3A4 could provide a mechanism to overcome 
such resistance to irinotecan [18]. These indi-
cated that induction of miRNA-627 expression 
might serve as an important mechanism of 
vitamin D in modulating the intratumoral CYP- 
3A4 activity in colon cancer [18]. Strategies to 
selectively deliver miRNA-627 may prove to be 
effective to reduce the CYP3A4 level in cancer 
cells and improve tumor response to irinote-
can. Through the above studies, it indicates 
that miRNA-627 serves as an antitumor effec-
tor in colon cancer [14, 18]. And it was firstly 
found that miRNA-627 might also contribute to 
the antitumor activities by up-regulating tumor 
suppressors in prostate cancer in the present 
study. Firstly, miRNA-627 could inhibit the pro-
liferation of the prostate cancer cells by induc-
ing cell cycle arrest in the phase of G0/G1. 
Secondly, miRNA-627 could suppress the mig- 
ration of the prostate cancer cells, which is the 
important process of neoplasm metastasis 
[19]. Thirdly, miRNA-627 could promote apop-

tosis of the prostate cancer cells, which is relat-
ed to cell migration and neoplasm metastasis 
[20]. Lastly, miRNA-627 could upregulate the 
levels of MAP3K1, PTPRK and SRA1 [21-23]. 
Thus, our data have established a novel action 
of miRNA-627 in prostate cancer.

Taken together, our findings firstly indicated 
that miRNA-627 exerted carcinostatic proper-
ties in prostate cancer development as sup-
pressing cell proliferation, migration and pro-
moting cell apoptosis and tumor suppressor 
genes expression, which might provide promis-
ing therapeutic effect in the treatment of pros-
tate cancer. However, animal experiments sh- 
ould be applied to confirm the effect of miRNA-
627 in prostate cancer in vivo, and the mecha-
nism of miRNA-627 in prostate cancer should 
be further investigated in the future.
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