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Abstract. MicroRNAs (miRNAs) are emerging as a class of 
small regulatory RNAs whose alterations are implicated in the 
initiation and progression of human cancers. Our study showed 
that miR-25 was highly expressed both in clinical ovarian 
cancer samples and cell lines. Down-regulation of miR-25 in 
ovarian cancer cells induced apoptosis whereas overexpression 
of miR-25 enhanced cell proliferation. The effects of miR-25 
abrogation were partly mediated by the intrinsic apoptosis 
pathway. Many pro-apoptotic proteins such as Bim, Bax and 
caspase-3 were up-regulated after transfection. Furthermore, 
luciferase assays demonstrated that Bim was the direct target 
of miR-25. Introducing Bim cDNA without 3'UTR abrogated 
miR-25-induced cell survival. Finally, there was an inverse 
relationship between Bim and miR-25 expression in ovarian 
cancer tissues. Taken together, these data indicate that miR-25 
directly regulates apoptosis by targeting Bim in ovarian cancer 
and that miR-25 could be a potential therapeutic target for 
ovarian cancer intervention.

Introduction

MicroRNAs (miRNAs) are groups of non-coding single-
strand RNAs, which modulate protein-coding gene expression 
post-transcriptionally by interacting with complementary sites 
within 3'UTR of targets mRNAs (1). They are implicated 
in a multitude of cellular processes including cell differ
entiation, proliferation, migration, metabolism, and apoptosis 
(2-4). Previous studies have pointed out the potential roles of 
miRNAs in cancers and suggested that abnormal expression of 
miRNAs may be associated with tumor initiation and progres-
sion by regulating cancer-related genes and pathways involved 
in cancer pathogenesis.

Epithelial ovarian cancer (EOC) is the most common 
gynecologic malignancy and the sixth most common cancer 
in women worldwide, with highly aggressive natural history 
causing almost 125,000 deaths each year (5). Despite advances 

in detection and cytotoxic therapies, only 30% of patients with 
advanced-stage ovarian cancer survive 5 years after initial 
diagnosis (6). Thus, there are urgent needs to develop novel 
therapeutic approaches by targeting the molecules that are 
altered in this malignancy. Recent studies showed that miR-25, 
a member of miR-106b clusters was frequent deregulated in a 
variety of cancer types (7-9). So far, there are few reports on 
miR-25 in ovarian cancer.

In our study, we used real-time PCR to analyze the expres-
sion of miR-25 both in clinical samples and ovarian cancer 
cell lines. We certified that miR-25 was high expressed in 
ovarian cancer. Using a loss-of-function antisense approach, 
we demonstrated that down-regulation of miR-25 significantly 
induced apoptosis, while overexpression enhanced proliferation. 
Meantime, we showed that the effect of miR-25 was partly medi-
ated by targeting the Bim activated intrinsic apoptosis pathway. 
These results identify a critical role for miR-25 in regulation of 
proliferation and apoptosis in ovarian cancer, suggesting that 
miR-25 could be critical therapeutic target for ovarian cancer 
intervention.

Materials and methods

Cell lines and culture conditions. Human ovarian cancer cell 
lines, SKOV3, OVCAR3, OVCAR5, A2780 and ovarian surface 
epithelial cells, OSE were purchased from Chinese Academy 
of Sciences Cell Bank. All cells were maintained in a 37˚C, 5% 
CO2 incubator in DMEM supplemented with 10% fetal bovine 
serum (FBS), and routinely passaged at 2- to 3-day intervals. 
Also, experiments were divided into three groups as blank 
control group, miRNA scrambled group, and As-miR-25 group.

RNA isolation. Human ovary cancer samples were obtained 
from the Obstetrics and Gynecology Hospital of Fudan 
Medical University after informed consent from adult patients 
diagnosed with ovarian cancer, freshly resected during surgery 
and immediately frozen in liquid nitrogen for subsequent 
total RNA extraction. RNA was extracted from tissues and 
ovarian cancer cell lines and ovarian surface epithelial cells 
using TRizol reagent (Invitrogen, Carlsbad, USA). Real-time 
quantification of miRNAs was by stem-loop RT-PCR. For the 
TaqMan-based real-time reverse transcription-polymerase 
chain reaction (RT-PCR) assays, the ABI 7300 HT Sequence 
Detection system (Applied Biosystem, Foster City, CA) was 
used. All the primers of miR-25, and U6 for TaqMan miRNA 
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assays were purchased from GenePharma Co., Ltd. (Shanghai, 
China). Real-time PCR was performed as described previously 
(10). The relative gene expression was calculated via a 2-ΔΔCt 
method (11).

Transfection of miR mimics and inhibitors. Synthesized RNA 
duplexes of miR mimics and miR inhibitors were purchased 
from GenePharma, Shanghai, China. Cells were transfected 
with 60 nM of each miR mimic, or inhibitor. Hsa-mir-25 
mimics sense: 5'CAUUGCACUUGUCUCGGUCUGA3'. Anti
sense: 5'AGACCGAGACAAGUGCAAUGUU3'. Hsa-mir-25 
inhibitor: UCAGACCGAGACAAGUGCAAUG.

Cell growth assays. The MTT assay was used to determine 
relative cell growth as follows. SKOV3 and OVCAR3 cells 
were plated at 104 cells per well in 96-well plates with six 
replicate wells for each condition, transfected with oligo
nucleotides, and assayed 48-h post-transfection. Cell Growth 
Assay was performed by MTT (Sigma, St. Louis, MO) as 
described previously (14). The cell viability was determined at 
540-nm absorbance using an enzyme-linked immunosorbent 
assay plate reader. All data points represent the mean of a 
minimum of six wells.

Apoptosis assays. SKOV3 and OVCAR3 cells were plated in 
6-well plates and transfected with oligonucleotides. The apop-
tosis ratio was analyzed 48-h post-transfection using Annexin 
V FITC Apoptosis Detection kit (BD Biosciences, San Diego, 
CA) according to the manufacturer's instructions. Annexin V 
FITC and propidium iodide double stain was used to evaluate 
the percentages of apoptosis.

Luciferase reporter assay. The pGL3-WT-Bim-3'UTR-
Luc reporter was created by the ligation of Bim 3'UTR 
PCR products into the XbaI site of the pGL3 control vector 
(Promega, USA). The pGL3-MUT-Bim-3'UTR-Luc reporter 
was generated from pGL3-WT-Bim-3'UTR-Luc by replacing 
the binding site of miR-25 with restriction enzyme cutting site 
CGGATCCG. For the reporter assay, cells were cultured in 
96-well plates and transfected with pGL3-Bim-3'UTR-Luc 
or pGL3-MUT-Bim-3'UTR-Luc, and As-miR-25. Following 
a 48-h incubation, luciferase activity was measured using a 
dual-luciferase reporter system (Promega). Luciferase activity 
was measured 48 h after transfection with the Dual-luciferase 
reporter assay system. The Renilla luciferase activity was 
utilized as an internal control.

Western blot analysis. SKOV3 and OVCAR3 cells were lysed in 
1% Nonidet P-40 lysis buffer 48 h following control, scramble 
or miR-25 inhibitor transfection. SDS-PAGE was performed 
on 40 µg of protein from each sample, gels were transferred 
to PVDF membranes (Millipore, USA) and incubated with 
primary antibodies against Bim, Bcl-2 (1:1000 dilution, CST, 
USA), cleaved-caspase-3 and Bax (1:1000 dilution, Santa 
Cruz, USA), followed by incubation with an HRP-conjugated 
secondary antibody (1:1000 dilution, Zymed, San Diego, CA). 
The specific protein was detected using a Super-Signal protein 
detection kit (Pierce, USA). After washing with stripping buffer, 
the membrane was re-probed with antibody against GAPDH 
(1:1000 dilution, Santa Cruz).

Statistical analysis. All tests were done using SPSS Graduate 
Pack 11.0 statistical software (SPSS, Chicago, IL). Descriptive 
statistics including mean and SE along with one-way ANOVAs 
were used to determine significant differences. P<0.05 was 
considered significant.

Results

MiR-25 is up-regulated in human ovarian cancer samples 
and cell lines. To investigate the expression of miR-25 in 
human ovarian cancer samples and cell lines, we performed 
the TaqMan-based real-time stem-loop RT-PCR analyses. Our 
data showed that miR-25 was strongly up-regulated in ovarian 
cancer tissue versus adjacent non-tumor tissue (Fig. 1A). The 
expression levels of miR-25 in ovarian cancer cell lines were 
similar with ovarian cancer samples compared with the OSE 
normal ovarian epithelial cells (Fig. 1B). Taken together, our 
results demonstrated that miR-25 was highly expressed both in 
ovarian cancer samples and cell lines.

Down-regulation of miR-25 inhibits proliferation and induces 
apoptosis in ovarian cancer cell lines. To reveal the effect of 
miR-25 deletion on cell proliferation, we transfected SKOV3 
and OVCAR cells with miR-25 inhibitors and performed 
MTT assays. First of all, real-time PCR showed that miR-25 
inhibitor reduced miR-25 levels by 89% in SKOV3 cells and 
79% in OVACR3 cells (P<0.05) (Fig. 2A). MTT assay showed 
that proliferation was inhibited in the miR-25 abrogation 
ovarian cancer cells. The suppression was detected 2 days after 
transfection, and was more apparent on day 3 (Fig. 2B). We also 
examined effects of miR-25 inhibitor on apoptosis. Inhibition 
of miR-25 in SKOV3 and OVCAR cells increased apoptosis 
as confirmed by Annexin V/PI assay. As shown in Fig. 2C, 
the percentage of apoptotic cells increased from 4.2±0.7% in 
the negative control to 16.5±0.5% in SKOV3 cell transfected 
with miR-25 inhibitor. Similar effects were also observed in 
As-miR-25 treated OVCAR3 cells.

Bim is a direct target of miR-25. To investigate how miR-25 
operates during the progression of ovarian cancer, we searched 
for the target genes of miR-25. The gene that was predicted 
by all the three algorithm programs (pictar, targetscan and 
mirbase targets) was chosen as the candidate target of miR-25. 
Among them, Bim, a pro-apototic protein that is involved in the 

Figure 1. miR-25 shows high expression in ovarian cancer samples and 
ovarian cancer cells. (A) MiR-25 expression in ovarian cancer and normal 
ovary tissues by real-time PCR. (B) qRT-PCR analysis showed that SKOV3, 
OVCAR3, OVCAR5 and A2780 express higher levels of miR-27b compared 
with ovarian surface epithelial cells, OSE. Data are mean (+ SD) of three 
replicates; *P<0.05.
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intrinsic apoptosis pathway, was found to have a putative miR-25 
binding site within its 3'UTR (Fig. 3A). To detect whether Bim 
is indeed regulated by miR-25, we knocked-down miR-25 in 
SKOV3 and OVCAR3 cells. Western blot analysis showed that 
Bim expression was up-regulated in both SKOV3 and OVCAR3 
cells after miR-25 down-regulation (Fig. 3B). In addition, we 
created pGL3-WT-Bim-3'UTR and pGL3-MUT-Bim-3'UTR 
plasmids. Reporter assays revealed that a reduction of miR-25 
triggered a marked increase of luciferase activity from pGL3-
WT-Bim-3'UTR, but produced no obviously change in the 
luciferase activity from pGL3-MUT-Bim-3'UTR (Fig. 3C). 
Taken together, these data indicated that Bim is the direct target 
of miR-25 at least in ovarian cancer.

Bim restoring overrides miR-25 survival function. Having 
demonstrated Bim as a direct target of miR-25, we next exam-
ined the importance of Bim in miR-25-mediated cell survival. 
Since A2780 had relatively low expression of miR-25, we trans-
fected Bim lacking 3'UTR into A2780 cell. Real-time PCR and 
Western blot assay confirmed that Bim could be successfully 
transfected into A2780 cell (Fig. 4A and B). Proliferation, and 
apoptosis assay showed that ectopic expression of Bim abrogated 
miR-25 effects on cell proliferation and apoptosis (Fig. 4C and 
D). Taken together, these results suggested that Bim is a critical 
target of miR-25 involved in cell biological behavior.

MiR-25 abrogation activates the intrinsic apoptosis pathway. 
In order to identify some of the further downstream effec-
tors of the observed cellular phenotypic changes, Western 

Figure 2. Down-regulation of miR-25 inhibited proliferation and induced 
apoptosis in ovary cancer cells. (A) miR-25 expression levels (normalized 
to U6 RNA) were significantly depressed by 85% (P<0.05) in SKOV3/
As-miR-25 and 89% (P<0.05) in OVCAR3/As-miR-25 cells, relative to the 
scramble. (B) MTT assay showed that SKOV3/As-miR-25 and OVCAR3/
As-miR-25 cells grew slower than cells transfected with the scramble and 
control. (C) Apoptosis assay showed that more apoptosis was induced in 
miR-25 abgroation group compared with control. Data are mean + SD, n=3; 
*P<0.05.

Figure 3. MiR-25 target identification and validation. (A) Bioinformation 
analysis identified Bim as potential targets for miR-25. Bim wild and mutant 
luciferase report plasmids were constructed. (B) Western blotting for Bim 
at 48-h post-transfected of As-miR-25 in SKOV3 and OVCAR3 cells. (C) 
Luciferase reporter assays confirmed that Bim was the direct target of 
miR-25 in SKOV3 and OVCAR3 cells, with luciferase activity ranging from 
2- to 3-fold induction. Each datum represents the mean fold change in expres-
sion from three independent experiments + SE.

Figure 4. Effects of Bim in ovarian cancer cells. (A) Relative Bim mRNA 
levels was assessed by qRT-PCR in A2780 cells transfected with expression 
plasmid of Bim. (B) Bim protein level was assessed by Western blotting in 
A2780 cells transfected with plasmid of Bim. (C) Proliferation of A2780 
cells after Bim transfection with or without miR-25 mimics were signifi-
cantly reduced compared to control. (D) Significantly increased number of 
apoptosis was observed in the A498 cells after Bim transfection with or 
without miR-25 mimics compared to control.
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blot assay was evaluated. In two tested ovarian cancer cells, 
Western blot assay demonstrated that depletion of miR-25 
up-regulated the expression of Bax and cleaved-caspase-3, 
while down-regulated Bcl-2 expression suggested that miR-25 
regulated the intrinsic apoptosis pathway via Bax, in ovarian 
cancer cells (Fig. 5).

Bim is inversely correlated with miR-25 expression in ovary 
cancer samples. To further evaluate the relationship between 
miR-25 and Bim in human ovary cancer, we detected the 
expression of Bim in 6 clinical ovarian cancer samples using 
Western blot assay. Of the 6 cases, cancer tissues showed 
decreased Bim expression when compared with adjacent non-
tumor tissue (Fig. 6A). Associated with Fig. 1, the expression 
levels of Bim in tumor tissues inversely correlated with the 
miR-25 levels, suggesting that the decreased Bim expression 
might result from miR-25 overexpression in human ovarian 
cancer (Fig. 6B).

Discussion

In China, ovarian cancer is one of the most frequent invasive 
malignancies of the female genital tract cancers. Although 
the majority of ovarian cancer patients will respond to initial 
chemotherapy, most will ultimately develop disease recur-
rence (12). To develop more optimized and effective treatment 
strategies for ovarian cancer, it is critical to gain a deeper 
understanding of the molecular mechanisms of ovarian cancer 

and to identify targets for therapeutic intervention (13-16). 
MiRNAs have recently been described as important players in 
human cancer and the role of microRNA as therapeutic targets 
has been proposed (17-20). So far, there are more than 1000 
microRNAs annotated by the latest version of miRBase. The 
expression of miRNAs is remarkably deregulated in ovarian 
cancer, strongly suggesting that miRNAs are involved in the 
initiation and progression of this disease (21,22). In our study, 
we showed that miR-25 was up-regulated in both ovarian 
cancer samples and cell lines. Luciferase assay demostrated 
that the pro-apoptotic protein Bim is a direct target for miR-25.

MiR-25 is a member of MiR-106b cluster which exert 
potential proliferative, anti-apoptotic, cell cycle-promoting 
effects in a variety of cancer types (23). Kumar et al used a 
screening method to identify that miR-25 directly target the 
3'UTR of TP53 and reduce apoptosis and cell cycle arrest in 
lung adenocarcinoma cells (24). Poliseno et al used a compu-
tational approach to identify miR-22, miR-25, and miR-302 as 
three PTEN-targeting microRNA families. MiR-22 and the 
miR-106b~25 cluster are aberrantly overexpressed in human 
prostate cancer, correlate with abundance of the miRNA 
processing enzyme DICER, and potentiate cellular transfor-
mation both in vitro and in vivo (7). Furthermore, Kan et al 
established that miR-106b-25 polycistron is activated by 
genomic amplification and is potentially involved in esopha-
geal neoplastic progression and proliferation (9). However, 
there are few reports on miR-25 in ovarian cancer. In this 
study, we used real-time PCR to confirm that miR-25 was 
high expressed both in ovarian cancer samples and cell lines. 
Using sequence-specific antisense knockdown of miR-25, 
MTT and apoptosis assay indicated that miR-25 abgoration 
results in growth inhibition and apoptosis induction in ovarian 
cancer cells.

Bim was first cloned as a Bcl-2-interacting protein using 
phage expression library screening (25). It contained three 
major isoforms, BimEL, BimL and BimS produced by alter
native splicing. Reportedly, Bim can trigger apoptosis by at 
least two different mechanisms, by the interaction and neutral-
ization of Bcl2-like molecules and/or direct activation of Bax, 
and that the decision on which mode of action ensues perhaps 
depends on the nature of the incoming apoptosis signal. Low 
expression of Bim has been shown for tumor entities, including 
melanoma and renal cell carcinoma (26). The mechanism 

Figure 5. Impact of miR-25 inhibitor on intrinsic apoptosis pathway. SKOV3 
and OVCAR3 cells were treated with As-miR-25, as described in Materials 
and methods. Bax, cleaved-caspase-3, Bcl-2 and GAPDH expression were 
determined by Western blotting. Data are from one of three representative 
experiments.

Figure 6. Bim was down-regulated in ovarian cancer samples and inversely 
correlated with miR-25 levels. (A) The expression of Bim in ovarian cancer 
samples and normal ovary tissue were assessed by Western blot assay. (B) A 
statistically significant inverse correlation between miR-25 and Bim protein 
levels in clinical specimens (Spearman's correlation analysis, R2=0.20466; 
P<0.001).

Table I. Clinicopathological parameters of 6 ovarian cancer 
samples.

No.	 Age	 Histotype

1	 46	 Papillary serous
2	 53	 Endometrioid
3	 61	 Serous
4	 58	 Clear cell
5	 62	 Serous
6	 55	 Clear cell
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suppressing Bim in these cancer types has not been clari-
fied yet. In our study, Western blot assay delineated that Bim 
had low expression in ovarian cancer samples compared with 
normal ovary tissues. Mechanistic investigation revealed that 
down-regulation of miR-25 activated the intrinsic apoptosis 
pathway via targeting the 3'UTR of Bim mRNA. Western blot-
ting showed that Bax and cleaved-caspase-3 were up-regulated, 
while Bcl-2 was decreased. 

In summary, we demonstrate that down-regulation of miR-25 
induces apoptosis of ovarian cancer by repressing expression 
of Bim. Genetic restoration of Bim bypassed the effects of 
miR-25 overexpression, activating the intrinsic apoptosis 
pathway. Based upon these observations, we conclude that 
miR-25 is a potential therapy target for ovarian cancer.
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