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Abstract: Accumulating evidence suggested that microRNA-154 (miR-154) might play important roles in the de-
velopment of various cancer types. However, the role of miR-154 in breast cancer progression remains largely
unknown. Here, miR-154 expression level was measured via quantitative real-time RT-PCR (gRT-PCR) in 36 pairs of
human breast cancer tissues and adjacent normal breast tissues and in a panel of human breast cancer cell lines.
Cell proliferation, cycle, migration, and invasion were assessed by CCK8 assay, flow cytometer assay, wound heal-
ing assay and transwell invasion assay, respectively. Luciferase reporter assay and Western blot was used to verify
E2F transcription factor 5 protein (E2F5) as a novel target gene of miR-154. Our results showed that miR-154 was
frequently downregulated in breast cancer tissues and cell lines. Overexpression of miR-154 in MCF-7 cells signifi-
cantly inhibited cell proliferation, migration, and invasion, and increased cell arrest at GO/G1 stage in vitro. E2F5
was identified as a target of miR-154, and its expression was inversely correlated with miR-154 expression in clini-
cal breast cancer tissues. In addition, downregulation of E2F5 in MCF7 cells had similar effect on cell proliferation,
cycle, migration and invasion by miR-154 induced. These findings indicate that miR-154 acts as a tumor suppressor
by targeting E2F5, suggesting miR-154 as a potential therapeutic target for the treatment of breast cancer.
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Introduction

Breast cancer is a malignant neoplasm ori-
ginating from breast tissue and is the first
leading cancer-related death in females world-
wide in the last decade [1]. The main reason
for the high mortality of breast cancer is tu-
mor metastasis and proliferation [2, 3]. There-
fore, it is urgent need to understand the mo-
lecular mechanism involved in breast cancer
proliferation and metastasis for the develop-
ment of novel diagnosis marker and thera-
peutic approaches in breast cancer.

MicroRNAs (miRNAs) are a new class of small
non-coding RNAs that play crucial roles in the
regulation of gene expression by triggering
either mRNA degradation or translational re-
pression through binding to a target site in
the 3’-untranslated region (3’-UTR) messenger
RNAs (mRNAs) [4, 5]. Accumulating evidence
has shown that miRNAs involved in various
biological procession, such as cell growth, di-
fferentiation, apoptosis and other metabolic

process [6, 7]. A large body of evidence has de-
monstrated that the abnormal expression of
microRNAs is associated with various human
tumors, and can function as tumor suppressors
or oncogenes during the initiation and progres-
sion of cancer [8-10]. In human breast cancer, a
largely number of miRNAs with aberrant expres-
sion has been identified, such as miR-21, miR-
34a, miR-183, and miR-141, miR-145, which
play oncogenic or suppressive roles [11, 12].

The miR-154, locates at chromosome 14q32,
was downregulated and exerted suppressive
role in several types of cancers including he-
patocellular carcinoma [13], prostate cancer
[14], osteosarcoma [15], colorectal cancer [16],
non-small lung cancer [17], and thyroid cancer
[18], However, the biological function and un-
derling molecular mechanism of miR-154 in
breast cancer has not been defined. Therefore,
the aims of this study were to investigate the
clinical significance of miR-154 in human breast
cancer tissues and to clarify biological roles
and the underlying mechanisms by which it is
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involved in tumorigenic processes of breast
cancer.

Materials and methods
Patients and tissue samples

Breast cancer samples and the correspond-
ing adjacent normal tissues were taken from
the 36 patients suffering breast cancer who
underwent surgery at the First Hospital of Jilin
University (Changchun, China) from July 2013
to August 2015. All of the tissues samples
and clinical information were harvested after
obtaining prior written informed consent from
the patients or patient’s family. The samples
were immediately snap-frozen following sur-
gery in liquid nitrogen and stored at -80°C
until RNA extraction. Patients received chemo-
therapy or radiotherapy prior to surgery was
excluded in this study. This study is approved
by Institutional Ethics Committees of Jilin Uni-
versity (Changchun, China).

Cell lines and transfection

The noncancerous human mammary epithelial
cell line: MCF-10A, and four human breast can-
cer cell line ( MCF-7, MDA-MB-231, BT-549 and
MDA-MB-453) were brought from the Insti-
tute of Biochemistry and Cell Biology, Chinese
Academy of Sciences (Shanghai, China), and
were cultured in Dulbecco’s modified Eagle’s
medium (DMEM; Invitrogen Corp., Carlsbad,
CA, USA) containing 10% fetal bovine serum
(FBS, Gibco BRL, Gaithersburg, MD, USA), 100
units/ml penicillin or 100 mg/ml streptomy-
cin under a humidified incubator with 5% CO,
at 37°C.

MiRNA-154 mimics and corresponding nega-
tive control mimics (MiR-Ctrl), Small inhibi-
tory RNA (siRNA) for E2F5 (si-E2F5), and scram-
ble control siRNA (si-Ctrl) were all purchased
from GenePharma (Shanghai, China). miR-154
mimic, miR-Ctrl, si-E2F5 and si-Ctrl were tran-
sient transfected with MCF7 cells using Lipo-
fectamine 2000 Reagent (Invitrogen, Carls-
bad, CA, USA) according to the manufacturer’s
protocol. At 48 h post-transfection, transfec-
tion efficiencies were determined by qRT-PCR
or Western blot.

Quantitative reverse transcription polymerase
chain reaction (QRT-PCR)

Total RNA was extracted from breast cancer
cells and tissues using TRIzol reagent (Invi-
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trogen) according to the manufacturer’s in-
structions. For detection of miR-154, cDNA
was synthesized using One Step Prime script
miRNA cDNA Synthesis Kit (Qiagen, Valencia,
CA) according to the manufacturer’s instruc-
tions. Quantitative PCR was performed us-
ing the miRNA-specific TagMan® MiRNA Assay
Kit (Applied Biosystems, Foster City, CA, USA)
with miR-154 specific primers (Applied Bio-
systems) under ABI 7900 Sequence Detection
System (Life Technologies, NY, USA). For detec-
tion of E2F5, cDNA was synthesized using the
Primer Script RT reagent Kit (TakaRa, Dalian,
China). Quantitative PCR was performed using
the Fast SYBR Green Master Mix (Applied Bio-
systems) under ABI 7900 Sequence Detect-
ion System (Life Technologies, NY, USA). The
primes of E2F5 and B-actin were used in this
study were used as described previously [19].
U6 and B-actin were used as internal stand-
ard to normalize the miRNAs and mRNA ex-
pression level using 224t method. All experi-
ments were performed in triplicate.

Cell proliferation and colony formation analysis

Cell proliferation was determined using the
CCK-8 Kit (Dojindo Laboratories, Kumamoto,
Japan) according to manufacturer protocols.
Briefly, the transfected cells were seeded (5 x
10° cells/well) on 6-well plates and cultured
for 24 h-72 h. In indicated time (24 h, 48 h and
72 h), 10 pl of the CCK-8 solution was added
to each well and cultured for 2 h, then the
absorbance of the plate was measured at 450
nm under a microplate reader (Molecular
Devices, Menlo Park, CA).

For colony forming assay, transfected cells
(1,000 cells/well) were added to 6-well plates
followed by incubation at the normal condition
for two weeks. Colonies were fixed with 4%
paraformaldehyde for 20 min and stained with
1% crystal violet. The clones were taken pic-
tures and counted under a light microscope
(Olympus, Tokyo, Japan).

Cell cycle assay

Forty-eight hours after transfection, breast
cancer cells were seeded in 6-well plates, and
cultured for 48 h, thereafter, the cells were
harvested and fixed in 70% ethanol, washed
in PBS, re-suspended in 200 pl of PBS con-
taining 0.5 mg/ml RNase (Sigma), 0.05% Triton
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Figure 1. miR-154 is downregulated in breast cancer tissues and cell lines. A. The expression of miR-154 was
determined in 36 pairs of tumor tissues and the corresponding adjacent normal tissues by real time quantitative
RT-PCR (qRT-PCR). **P < 0.01 compared to normal tissues. B. The expression of miR-154 was determined in four
breast cancer cell lines (MCF-7, MDA-MB-231, BT-549 and MDA-MB-453) and human mammary epithelial cell line

(MCF-10A). **P < 0.01 compared to MCF-10A.

X-100 (Sigma) and 10 ug/ml propidium iodide
(P, Sigma), incubated for 1 hour at 37°C in
the dark, and analyzed immediately using a
using a FACS Calibur flow cytometer (BD Bio-
sciences, Mansfield, MA, USA).

Wound healing assay

Transfected cells were seeded in 6-well cul-
ture plates at density of at 2.0 x 10* cells/well.
After cells had grown to confluence, the con-
fluent monolayer in each well was created us-
ing a 100 ul pipette tip and cultured for 24 h.
Cells were photographed at O and 24 h under
a light microscope (Olympus, Tokyo, Japan).

Transwell invasion assay

In vitro cell invasion assays were performed
using 24-well transwell chambers (8-um pores,
BD Biosciences, San Jose, CA). Briefly, The
transfected cells (5 x 10* cells per well) were
cultured in the top chamber coated with
Matrigel with 100 pl serum-free DMEM medi-
um, 600 ul complete media with 10% FBS was
added into the lower chamber. After 24 h of cul-
tivation, nonvading cells was gently wiped with
a cotton swab, and the invaded cells were fix-
ed in 4% paraformaldehyde, stained with 1%
crystal violet solution (Sigma), and counted
in selected randomly five fields under a light
microscope (Olympus, Tokyo, Japan).
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Luciferase reporter assays

A wild-type 3-UTR and a mutant 3-UTR of
E2F5 were amplified from the Human cDNA of
MCEF-7 cells using PCR, and incorporated into
the downstream of the firefly luciferase gene
of a psiCHECK-2 vector (Promega, Madison,
WI, USA). The inserts were confirmed by using
DNA sequencing. For luciferase activity assay,
MCF-7 cells were plated in 12-well plates in trip-
licate 24 h before transfection. miR-154 mimic,
miR-NC and wide-type or mutant-type E2F5
reported plasmid were transiently co-trans-
duced into MCF-7 cells by using Lipofecta-
mine 2000 as recommended by the manu-
facturer’s instructions. The luciferase activity
was measured using a luciferase reporter as-
say system (Promega, WI, USA) after 48 h of
incubation according to the manufacturer’s
protocol. Renilla luciferase activity was normal-
ized to firefly luciferase activity.

Western blot analysis

Total proteins were extracted from breast can-
cer cell lines using RIPA buffer (Santa Cruz,
Santa Cruz, CA, USA) containing protease in-
hibitors according to the manufacturer’s proto-
col. The lysates were centrifuged at 25,000 g
for 30 min at 4°C and the concentrations of
total protein in supernatants were measured
using a Bradford protein assay kit (Galen Bio-
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Figure 2. miR-154 inhibits proliferation and colony formation of breast cancer cells. A. The expression of miR-154
was determined in MCF-7 cells transfected with miR-154 mimic or miR-Ctrl by gRT-PCR. B. Cell proliferation was
determined in MCF-7 cells transfected with miR-154 mimic or miR-Ctrl by CCK8 assay. C. Cell colony formation was
determined in MCF-7 cells transfected with miR-154 mimic or miR-Ctrl. D. Cell cycle arrest was determined in MCF-
7 cells transfected with miR-154 mimic or miR-Ctrl by flow cytometer assay. *P < 0.05, **P < 0.01 compared to

miR-Ctrl.

pharm International Co., China) according to
the manufacturer’s protocol. The total extracts
were separated using 10% SDS polyacrylamide
gels (SDS-PAGE) and electrophoretically trans-
ferred to polyvinylidene difluoride membranes
(PVDF, Bio-Rad, Hercules, CA). The membranes
were probed with a primary antibody against
human E2F5 (1:1000, Santa Cruz, CA, USA) or
B-actin (1:5000, Santa Cruz) at 4°C overnight,
followed incubation with HRP-labeled second-
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ary antibody (1:10000, Santa Cruz) for 1 hour
at room temperature. B-actin was used as inter-
nal control. Protein band were detected using
the Supersignal West Pico ECL chemilumines-
cence kit (Thermo scientific, Rockford, IL).

Statistical analysis

Data were expressed as mean + standard devi-
ation (SD) from at least three independent
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experiments. All statistical analyses were per-
formed using the SPSS 19.0 statistical soft-
ware package (Chicago, IL, USA). Two-tailed
Student’s t test or ANOVA was used to deter-
mine the difference. The relationship between
miR-154 and E2F5 was analyzed using Pear-
son’s correlation assay. Differences were con-
sidered significant when P < 0.05 (*) and highly
significant when P < 0.01 (**).

Results

miR-154 is downregulated in breast cancer
tissues and cell lines

To determine the role of miR-154 in breast
cancer progression, we investigated miR-154
expression in breast cancer samples and the
corresponding adjacent normal tissues from
36 patients with breast cancer by real time
quantitative RT-PCR (gRT-PCR). Our results
showed that miR-154 expression was signifi-
cantly lower in breast cancer tissues than in
adjacent normal breast tissues (Figure 1A, P <
0.01). We extended our investigations to four
breast cancer cell lines (MCF-7, MDA-MB-231,
BT-549 and MDA-MB-453) and found that
their miR-154 expression levels were signifi-
cantly lower than that of human mammary
epithelial cell line (MCF-10A) (Figure 1B). These
findings suggest that downregulation of miR-
154 may affect breast cancer development.

miR-154 inhibits proliferation and colony for-
mation of breast cancer cells

To investigate the function of miR-154 in
breast cancer tumorigenesis, we transfect-
ed miR-154 mimic or miR-Ctrl into MCF-7 cells
and determined their miR-154 levels 48 hours
after transfection. Results of qRT-PCR show-
ed increased miR-154 levels in MCF-7 cells
transfected with miR-154 mimic compared to
miR-Ctrl transfected cells (Figure 2A). We
then investigated the effect of miR-154 on
MCF-7 cell proliferation and colony formation.
As shown in Figure 2B and 2C, restoration of
miR-154 expression in MCF-7 cells significantly
inhibited proliferation (Figure 2B) and colony
formation (Figure 2C). It was well known that
proliferation directly links to cell cycle distribu-
tion. We therefore tested cell cycle effect of
miR-154 in breast cancer cells by flow cytome-
ter assay. Our results showed that the percent-
age of GO/G1 phase cells increased, and the
percentage of S phase cells decreased in miR-
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154 transfected cells compared to miR-Ctrl
transfected cells (Figure 2D).

miR-154 inhibits migration and invasion of
breast cancer cells

To investigate the function of miR-154 in
breast cancer metastasis, the effect of miR-
154 on cell migration and invasion were deter-
mined by wound healing and transwell inva-
sion chamber, respectively. It was found that
overexpression of miR-154 in MCF-7 cells led
to significantly inhibited cell migration (Figure
3A) and cell invasion (Figure 3B) capability.
Collectively, these results indicated that miR-
154 suppressed breast cancer migration, and
invasion.

E2F5 is a direct target of miR-154

To explore the underlying mechanism the
growth inhibition by miR-54 in breast cancer
cells, we used Targetscan6.2, microRNA. org,
and miRWalk databases to predict potential
miR-154 targets. Hundreds of potential targets
were found, but we selected E2F5 for further
analysis since it have previously been reported
to involve in breast cancer procession [20]. We
inserted wide-type or mutant-type 3’UTR into
luciferase reporter vectors (Figure 4A) and
cotransfected with miR-154 mimic or miR-Ctrl
into MCF-7 cells. Forty-eight hours after trans-
fection, luciferase activity were determined,
and found that transfected with miR-154 mi-
mic repressed wild-type 3'UTR-E2F5 reporter
activity (P < 0.01), while had no inhibition effect
on the mutant 3'UTR-E2F5 reporter activity
(Figure 4B), suggesting that E2F5 may be a
target of miR-154 in breast cancer. We then
sought to determine whether the overexpres-
sion of miR-154 in breast cancer cells can re-
gulate E2F5 expression. Our results demon-
strated that overexpression of miR-154 in
MCF-7 cells obviously decrease E2F5 expres-
sion on mRNA level (Figure 4C) and protein
level (Figure 4D).

E2F5 was up-regulated in breast cancer tis-
sues and cell lines, and inversely correlated
with miR-154 levels in breast cancer tissues

As above results shows that E2F5 is a direct
target of miR-154, we next detected expression
in breast cancer samples and the correspond-
ing adjacent normal tissues. qRT-PCR and
Western blot assay showed that the expression

Am J Transl Res 2016;8(6):2620-2630
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Figure 3. miR-154 inhibits migration and invasion of breast cancer cells. A. Cell migration was determined in MCF-7
cells transfected with miR-154 mimic or miR-Ctrl by wound healing assay. B. Cell invasion was determined in MCF-
7 cells transfected with miR-154 mimic or miR-Ctrl by transwell invasion assay. **P < 0.01 compared to miR-Ctrl.

of E2F5 on mRNA and protein level was signifi-
cantly higher in breast cancer tissues than
those of adjacent normal tissues (Figure 5A
and 5B). In addition, Pearson’s correlation
assay showed that E2F5 mRNA expression
level was inverse correlated with miR-154
expression in breast cancer tissue (r =-0.451,
P = 0.006, Figure 5C). We also investigated
E2F5 protein expression in four breast cancer
cell lines (MCF-7, MDA-MB-231, BT-549 and
MDA-MB-453) by Western blot. As shown in
Figure 5D, E2F5 protein expression level was
obviously increased in four breast cancer cell
lines compared with human mammary epithe-
lial cell line (MCF-10A).

Knockdown E2F5 inhibited cell proliferation,
colony formation, migration, and invasion in
breast cells

To determine the biological role of E2F5 in
breast cancer cells, MCF-7 cells were transfect-
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ed with si-E2F5 or the si-Ctrl, then E2F5 ex-
pression was determined by western blot 48
h after transfection. As shown in Figure 6A, the
E2F5 protein expression levels was downregu-
lated in si-E2F5 transfected cells compared
with cells si-Ctrl transfected cells. Significantly,
we also found that downregulation of E2F5 in
MCEF-7 cells significantly inhibited cell prolifer-
ation (Figure 6B) and colony formation (Figure
6C), increased cell arrest at G1/GO stage (Fig-
ure 6D), suppressed cell migration (Figure 6E)
and invasion (Figure 6F), which mimicked the
effect of miR-154 overexpression on breast
cancer cells.

Discussion

Dysregulation of miRNAs has been reported to
be involved in tumorigenesis and progression
in various types of cancer including breast can-
cer [11, 12]. In the present study, we found that
miR-154 expression level was downregulated

Am J Transl Res 2016;8(6):2620-2630
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Figure 4. E2F5 is a direct target of miR-154. A. Schematic representation of the miR-154 targeting sequences within
the 3’-UTR of E2F5. B. Luciferase activities were measured in MCF-7 cells 48 h after co-transfected with wide-type
or mutant-type E2F53’-UTR luciferase plasmid o and miR-154 mimic or miR-Ctrl. *P < 0.05 compared to miR-Ctrl.
C. Relative E2F5 mRNA expression was detected in MCF-7 cells transfected with miR-154 mimic or miR-Ctrl. **P <
0.01 compared to miR-Ctrl. D. E2F5 protein expression was detected in MCF-7 cells transfected with miR-154 mimic

or miR-Ctrl. B-actin was used as internal control.

in human breast cancer tissues and cell lines
compared with adjacent normal breast tissues
and mammary epithelial cells, which was con-
sistent with previous study [21]. In addition, we
also found that restoration of miR-154 signifi-
cantly suppressed breast cancer cell prolifera-
tion, migration, and invasion, and increased
cell arrested at G1/GO stage. E2F5, an impor-
tant tumor promoter, is identified as a target of
miR-154, and its expression was negative cor-
rected with miR-154 expression. To the best of
authors’ knowledge, this is the first study to
investigate miR-154 biological role and underly-
ing mechanism in breast cancer.

miR-154 is located on human chromosome
14932, which is frequently lost in human vari-
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ous types of tumor, such as lung cancer [22],
breast cancer [23] and multiple myeloma [24].
Recently accumulating evidence has demon-
strated that miR-154 expression was downreg-
ulated and functioned as tumor suppressor
miRNAs in several types of cancer [14-18]. For
instance, Lin et al reported that miR-154 ex-
pression was downregulated in non-small lung
cancer tissues and cell lines, and that restora-
tion of miR-154 expression suppressed non-
small lung cancer growth in vitro and in vivo
[17]. Zhou et al showed that miR-154 exerted
tumor suppressor role in osteosarcoma by tar-
geting Wntba [15]. Pang et al found that overex-
pression of miR-154 in hepatocellular carcino-
ma cells can inhibit cell proliferation, colony
formation, migration and invasion, and induced

Am J Transl Res 2016;8(6):2620-2630
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Figure 5. E2F5 was up-regulated in breast cancer tissues and cell lines, and inversely correlated with miR-154 levels
in breast cancer tissues. A. Relative E2F5 mRNA expression was detected in 36 pairs of tumor tissues and the cor-
responding adjacent normal tissues by real time quantitative RT-PCR (qRT-PCR). **P < 0.01 compared to Normal
tissues. B. E2F5 protein expression was detected in breast cancer tissues and the corresponding adjacent normal
tissues by western blot. B-actin was used as internal control. C. The correlation of the expression levels of E2F5
and miR-154 in 36 breast cancer tissue samples by Pearson’s correlation assay. D. E2F5 protein expression was
detected in four breast cancer cell lines (MCF-7, MDA-MB-231, BT-549 and MDA-MB-453) and human mammary
epithelial cell line (MCF-10A) by western blot. B-actin was used as internal control.

cell apoptosis in vitro, as well as suppress
tumor growth of PTC in vivo by targeting ZEB2
[13]. Here, our results showed that restoration
of miR-154 significantly suppressed breast
cancer cell proliferation, migration, and inva-
sion, and increased cell arrested at G1/GO
stage by targeting E2F5, suggested that miR-
154 function as tumor suppressor in breast
cancer.

E2F transcription factor 5 protein (E2F5) be-
longs to the E2F transcription factor family,
which involve in cell-cycle control, initiation
of replication, DNA synthesis [25, 26]. E2F5
expression was upregulated in several types
of cancer, including liver cancer [19], colore-
ctal cancer [27], esophageal squamous can-
cer [28], prostate cancer [29], suggested that
E2F5 function as oncogene. In breast cancer, a
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report showed that the expression of E2F5 was
upregulated in breast cancer, and its expres-
sion was associated with higher histological
grade in human breast cancer and that the
expression of E2F5 led to worse clinical out-
comes with shorter disease-free survival [20].
Of note, recently several studies showed that
E2F5 could be regulated by several miRNAs,
including miR-34a [27], miR-181a [19] and
miR-106 [30]. Here, we identified E2F5 as a tar-
get of miR-154 by luciferase reporter gene
assays, qRT-PCR and Western blot. Our results
also showed that E2F5 expression was upregu-
lated in breast cancer tissues and cell lines,
and was inversely correlated with miR-154
expressionin breast cancertissues. Knockdown
E2F5 inhibited cell proliferation, colony forma-
tion, migration, and invasion in breast cells,
which mimicked the effect of miR-154 overex-
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Figure 6. Knockdown E2F5 inhibited cell proliferation, colony formation, migration, and invasion in breast cells. (A) E2F5 protein expression was detected in MCF-7
cells transfected with si-E2F5 or si-Ctrl by western blot. B-actin was used as internal control. (B-F) Cell proliferation (B), colony formation (C), cycle (D), migration (E)
and invasion were determined in MCF-7 cells transfected with si-E2F5 or si-Ctrl. *P < 0.05, **P < 0.01 compared to si-Ctrl.
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pression on breast cancer cells. These finding
suggested that miR-154 cell proliferation, colo-
ny formation, migration, and invasion in breast
cells, at least in part, by repressing E2F5.

In conclusion, the present study demonstrates
that miR-154 expression was downregulated
in breast cancer tissues and cell lines, and
that restoration of miR-154 expression inhibits
breast cancer cell proliferation, migration, and
invasion by targeting E2F5. These findings sug-
gest that miR-154 and its target gene E2F5
might have a potential role in gene therapy and
may be a promising target for the treatment of
breast cancer in the future.
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