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MicroRNA-34a suppresses breast cancer cell proliferation
and invasion by targeting Notch1
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Abstract. MicroRNAs (miRs) have been reported to
serve critical roles in the progression of tumors. However,
thus far, the role of miR-34a in breast cancer is largely
unknown. Therefore, the present study aimed to investigate
the expression and role of miR-34a in breast cancer, and to
further explore the underlying molecular mechanism. Reverse
transcription-quantitative polymerase chain reaction was
performed to detect the level of miR-34a in human breast
cancer tissues. In addition, the role of miR-34a in MCF-7
breast cancer cells was investigated by performing miR-34a
overexpression or downregulation through transfection with
miR-34a mimic or inhibitor, respectively. Next, the viability
and invasion of the MCF-7 cells were respectively analyzed by
MTT assay and transwell assay, while apoptosis and cell eyele
progression were examined by flow cytometry. Furthermore,
associated protein levels were measured using western blotting.
The results demonstrated that miR-34a was dowsiregulated in
human breast cancer tissues in comparison withithe adjacent
normal tissues. In addition, Notchd was demonstrated to be a
direct target of miR-34a. miR-34a mimic transfection inhibited
MCEF-7 cell viability, indueed cell,apoptosis and Gl phase
arrest, and prevented cell invasion, while miR-34a inhibitor
transfection resulted.imsthe opposite‘effects. In conclusion,
the presented datadndicated that miR-34a suppressed breast
cancer cell proliferation andiinvasion, and its effect may partly
be exerted by targeting Notchl.

Introduction

Breast cancer is one of the most important malignancies that
threaten the life of women worldwide (1,2). In recent years,
advances in early diagnosis and systematic treatment of breast
cancer have led to a significant reduction in mortality (1,2).
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However, thus far, breast cancer remains difficult to cure due
to the recurrence, metastasis and tolerance to radiotherapy and
chemotherapy. A¢cording to statistics, breast cancer accounts
for ~23% of 4ll cancer cases in women, and mortality due
to breast cancer accountssfor ~14% of all cancer-associated
mortalities in women,While the incidence of breast cancer
patiefits are increasing at an annual rate of >1.3 million (1).
Therefore, identifying novel effective diagnostic and treat-
ment methods is currently urgent in the field of breast cancer
researchs

MicroRNAs (miRNAs), a class of endogenous non-coding
single-stranded small RNAs with a length of approximately
18-24 nucleotides, regulate the expression of the endogenous
genes at the transcriptional or post-transcriptional levels via
specific binding to the 3'-untranslated region (UTR) of target
mRNA (3-5). Currently, abnormal expression of miRNAs
is observed in almost all the malignant tumors, indicating
that miRNAs are closely associated with the occurrence
and development of tumors. miR-34a is one of the earliest
detectable tumor suppressor miRNAs, located on chromo-
some 1p36.23 and widely found in all normal tissues, with
the exception of the lungs (6). miR-34a has been reported
to be significantly decreased in colon cancer, prostate
cancer, pancreatic cancer and other tumor tissues (7-9), and
to be involved in the regulation of tumor cell proliferation,
invasion and apoptosis among other activities (10). As a
downstream molecule of p53, miR-34a is considered to be
an important tumor suppressor molecule that regulates the
expression of multiple target genes and is involved in tumor
suppression via forming a network with the relevant regula-
tory molecules (11).

The Notch pathway is a highly conserved signaling pathway
widely expressed in vertebrates and invertebrates, serving an
important regulatory role in embryonic development, organ
maturation and tumor progression (12). In mammals, the
Notch signaling pathway includes four transmembrane recep-
tors (namely Notchl-4) and five ligands (Delta-like 1, 3 and 4;
Jagged-1 and -2) (13). Studies have demonstrated that activa-
tion of Notchl or Notch4 in mice induces the formation of
spontaneous breast tumors, demonstrating that activation of the
Notch pathway is an important cause of breast cancer (14-16).

In the present study, the aim was to investigate the expres-
sion and role of miR-34a in breast cancer tissues and cells,
as well as to explore the underlying molecular mechanism
involved.
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Materials and methods

Human tissue specimens. The study was approved by the
Human Ethics Committee Review Board of Wuxi Taihu
Hospital (Wuxi, China), and informed consent was obtained
from each patient. In total, primary breast cancer tissues and
paired adjacent normal tissues were obtained from 30 females
aged between 35 to 65 years (mean age, 50 years) who underwent
resection surgery of breast tumors in the Wuxi Taihu Hospital
between September 2015 and June 2016. None of the patients
had received treatment prior to surgery. All patients recruited
for the current study were diagnosed with invasive ductal
carcinoma according to the morphological criteria detailed
in the World Health Organization histologic classification of
breast tumors (17). Of the 30 patients, 3, 7 and 20 patients were
diagnosed with stage III, IT and I invasive ductal carcinoma,
respectively. All tissue samples were assessed and diagnosis
was confirmed by pathologists. Tumor and adjacent normal
tissues were snap-frozen in liquid nitrogen and then stored at
-80°C until further use.

Cell culture. The MCF-7 cell line was obtained from American
Type Culture Collection (Manassas, VA, USA) and cultured in
Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) containing 10% fetal
bovine serum (FBS). Cells were incubated at 37°C in a humidi-
fied atmosphere of 5% CO,, and passaged every 2-3 days.

Cell transfection. At 24 h before cell transfection, MCE<7
cells (5x10* cells per well) were plated into 64well plates and
incubated at 37°C with 5% CO,. Next, miR-34a mimic (item
no. P4185-250UCI), mimic control (cat. 0. M=03-S), miR-34a
inhibitor (item no. P4185-250UCI) er inhibitor control (cat.
no. M-04; GenePharma Co., Ltd.; Shanghai, China) were
transfected into the MCF-7 cells using 30 jul Lipofectamine®
2000 reagent (Invitrogen; Thérmo Fisher Scientific, Inc.) as per
the manufacturer's protocol. Cell§ without any treatment were
considered as the negative.control (NC) group. After incubation
for 48 h, these cellséwere subjected fo subsequent experiments.
The transfection efficiency was.assessed by detecting miR-34a
expression using reverse transcription-quantitative polymerase
chain reaction (RT-qPCR),

MTT assay. At 48 h after transfection, cell viability was
detected using an MTT assay. Briefly, MCF-7 cells were
harvested, reseeded into a 96-well culture plate (5,000 cells
per well) and cultured at 37°C for 24, 48 or 72 h. Subsequently,
MTT solution (Amresco, LLC, Solon, OH, USA) was added
into each culture well and incubated for another 4 h. Finally,
the optical density value was measured at 570 nm by using
a SynergyTM 2 Multi-function Microplate Reader (BioTek
Instruments, Inc., Winooski, VT, USA). Each experiment was
repeated at least three times.

Cell cycle distribution assay. At 48 h after transfection, flow
cytometry was applied to analyze the MCF-7 cell cycle distri-
bution. Briefly, the transfected MCF-7 cells were collected by
trypsinization and then fixed with ethanol overnight at 4°C.
Subsequently, the MCF-7 cells were washed by PBS and
stained with ribonuclease A (100 xg/ml) and propidium iodide
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(PI; 50 pg/ml; both Beyotime Institute of Biotechnology,
Shanghai, China) in the dark at 4°C for 30 min. Finally, a flow
cytometer (FACSCanto II; BD Biosciences, Franklin Lakes,
NIJ, USA) was used to analyze the cell cycle distribution. Tests
were repeated at least three times.

Apoptosis analysis assay. MCF-7 cells were transfected with
miR-34a mimic, mimic control, miR-34a inhibitor or inhibitor
control, and at 48 h after the transfection, cells were labeled
with Annexin V-FITC and PI (Cell Signaling Technology, Inc.,
Danvers, MA, USA) as per the manufacturer's protocol. Flow
cytometry (BD Biosciences) was then applied to analyze cell
apoptosis. Tests were repeated three times.

Cell invasion assay. Transwell assay was used to detect the
cell invasion ability. Briefly, MCE-7 cells were transfected with
miR-34a mimic, mimi¢é.control, miR-34a inhibitor or inhibitor
control. After 48h, the cells wete harvested, re-suspended in
serum-free médium,4nd then seeded into the upper chamber
with a Matrigelscodted membrane matrix. Cell culture medium
containing 20% EBS was added to the lower chamber as a
chemioattractant, and the cells were incubated for 48 h at 37°C
with 5% CQOs. Finally, the non-invading cells on the upper
surface were removed, while the invasive cells on the bottom
surface of the membrane were fixed with methanol for 30 min
at room temperature and then stained with hematoxylin for
S'min’ at room temperature. A microscope was then used to
observe the stained cells. Tests were repeated three times.

Western blot analysis. At 48 h after transfection, cells were
harvested by cell scrapers and washed with PBS. The total
cell proteins were extracted using a lysis buffer (Cell Signaling
Technology, Inc.) according to the manufacturer's protocol.
The concentration of protein samples was determined with
a BCA Protein Assay kit (Pierce; Thermo Fisher Scientific,
Inc.). Equal amount of the protein samples (30 pg/lane) were
resolved by 12% SDS-PAGE and then transferred onto poly-
vinylidene difluoride membranes. Subsequent to blocking with
5% skim milk at room temperature for 2 h, the membranes
were blotted overnight at 4°C with primary antibody against
Notchl (cat no. 3608; Cell Signaling Technology, Inc.; dilution,
1:1,000), and then incubated with anti-rabbit horseradish perox-
idase-linked IgG secondary antibody at room temperature for
2-3 h (cat no. 7074; Cell Signaling Technology, Inc.; dilution,
1:2,000). GAPDH antibody (cat no. 5174; Cell Signaling
Technology, Inc.; dilution, 1:5,000) was also used as the
internal control and incubated at room temperature for 2-3 h.
Finally, the protein bands were observed using an enhanced
chemiluminescence detection system (Super Signal West Dura
Extended Duration Substrate; Thermo Fisher Scientific, Inc.).

RT-qPCR analysis. The breast tissues (cancer and adjacent
normal), MCF-10A cells (Type Culture Collection of the
Chinese Academy of Sciences, Shanghai, China) as normal
breast cells and MCF-7 cells were analyzed by PCR to examine
miRNA expression. Breast tissues (50-100 mg) cut into pieces
were homogenized prior to total RNA extraction. Total RNA
from breast tissue homogenates, and MCF-10A and MCF-7
cells was extracted using TRIzol reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) in line with the manufacturer's protocol.
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Figure 1. miR-34a expression level in different groups, as detected by reverse transcription-quantitative polymerase chain reaction. Relative expression level
of miR-34a in the (A) MCF-10A and MCF-7 cells, (B) MCF-7 cells transfected with miR-34a mimic, mimic control, miR-34a inhibitor or inhibitor control and
(C) breast cancer and adjacent normal tissues. “P<0.01 vs. NC group. miR, microRNA; NC, negative control.

RT was then performed to generate cDNA using a PrimeScript
Reverse Transcription Reagent kit (Takara Biotechnology Co.,
Ltd., Beijing, China) according to the manufacturer's protocol.
Subsequently, qPCR was conducted to analyze the cDNA
using a TagMan Universal PCR Master Mix kit (Thermo
Fisher Scientific, Inc.). The amplification conditions were as
follows: 95°C for 10 min, followed by 38 cycles of 95°C for
10 sec and 58°C for 60 sec. miR-34a expression was normal-
ized to U6 and Notchl mRNA expression was normalized to
GAPDH. The primer sequences for gPCR were as follows: U6
forward, 5'-CTCGCTTCGGCAGCACA-3' and reverse, 5'-AAC
GCTTCACGAATTTGCGT-3"; GAPDH forward, 5-GAA
GGTGAAGGTCGGAGTC-3' and reverse, 5'-GAAGATGGT
GATGGGATTTC-3"; miR-34a forward, 5-CGTCACCTCTTA
GGCTTGGA-3' and reverse, 5-CATTGGTGICGTTGTGCT
CT-3; and Notchl forward, 5-GAGGCGTGGCAGACTATG
C-3' and reverse, 5'-CTTGTACTCCGTCAGECGTGA-3" The
2-44% method was used to quantify the'relative gene expression
levels (18).

Dual-luciferase reporter assay. Bioinformatics analysis was
initially conducted with TargetScan seftware (http:/www.
targetscan.org) in ordertopredict the poténtial targets of miR-34a,
and the findings revealed that Notehl was a potential target of
miR-34a. To confirm this prediction, MCF-7 cells were seeded
into each well of a 24=Well plate (5x10* cells/well). At 24 h later,
the cells were co-transfécted with Notchl 3'UTR pmirGLO
plasmid (containing mutant Notchl 3'UTR or wild-type Notchl
3'UTR) and a miR-34a mimic or mimic control (NC) vector
using Lipofectamine® 2000 reagent according to the manu-
facturer's protocol. Following incubation for another 48 h, the
luciferase activity was assessed using the dual-luciferase reporter
assay system (Promega Corporation, Madison, WI, USA).

Statistical analysis. Data are presented as the mean + standard
deviation. SPSS statistical software (version 17.0; SPSS, Inc.,
Chicago, IL, USA) was used for all statistical analyses. Student's
t-test or one-way analysis of variance followed by Tukey's test
was used to compare the data between groups. P<0.05 was
considered to denote a statistically significant difference.

Results

miR-34a is downregulated in breast cancer. To determine the
expression levels of miR-34a in MCF-10A cells and MCF-7

cells, RT-qPCR was pefformed. The results demonstrated that
miR-34a expression was significantly lower in MCF-7 cells
compared with normal cells (Fig. 1A). Next, in order to inves-
tigate the role®©f miR<34a in bfeast cancer, the MCF-7 cell line
was used..miR-34a was aoverexpressed or downregulated in
MCF-7.€ells by transfections with miR-34a mimic or miR-34a
inhibitor, respectively, and the transfection efficiency was
detected by RT-qPCR (Fig. 1B). Subsequently, the expression
of miR-34a was analyzed by RT-qPCR in breast cancer and
adjacentrnormal breast tissues. As shown in Fig. 1C, compared
with the adjacent normal tissues, the level of miRNA-34a in
breast'cancer tissues was significantly reduced, indicating that
miRNA-34a may be involved in breast cancer progression.

miR-34a directly targets Notchl. Bioinformatics analysis was
conducted with the TargetScan tool to predict the potential
targets of miR-34a, and the findings revealed that Notchl is
one of the target genes of miR-34a (Fig. 2A). Previous studies
have demonstrated that activation of Notchl or Notch4 in
mice induced the formation of spontaneous breast tumors,
demonstrating that activation of the Notch signaling pathway
is an important cause of breast cancer (14-16); thus, Notchl
was selected for further investigation in the present study.
To confirm this prediction, a dual-luciferase reporter assay
was used, and the findings indicated that miR-34a directly
targets Notchl (Fig. 2B). To further reveal whether miR-34a
was able to regulate Notchl expression in MCF-7 cells, the
protein and mRNA levels of Notchl were detected by western
blotting and RT-qPCR, respectively. The results indicated that
miR-34a negatively regulated Notchl expression in MCF-7
cells (Fig. 2C-E).

Effect of miR-34a on MCF-7 cell viability. To investigate the
effects of miR-34a on breast cancer cell viability, an MTT
assay was performed. As shown in Fig. 3, the viability was
significantly reduced in miR-34a mimic-transfected cells,
while the viability of miR-34a inhibitor-transfected cells
was notably increased following transfection at three time
points. No statistically significant differences were detected
between the NC and the mimic control or inhibitor control
groups (Fig. 3).

Effect of miR-34a on MCF-7 cell cycle distribution and apop-
tosis. To investigate the effects of miR-34a on breast cancer cell
cycle distribution and apoptosis, flow cytometry was applied.
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Figure 2. miR-34a directly targets Notchl. (A) Interaction between miR-34a and 3'UTR of Notchd was predicted by TargetScan. (B) Luciferase activity of a
reporter containing a Notchl 3'UTR-WT or 3'UTR-MUT (with a mutation in the miR-34a binding site): (C) Western blots and (D) quantified expression of
Notchl protein in MCF-7 cells in different groups, expressed as the fold of the NC group. (E) Relative mRNAd©xpression level of Notchl in MCF-7 cells in
different groups. "P<0.05 and “P<0.01 vs. NC group. miR, microRNA; NC, negative contfol; UTR, untranslated region; WT, wild-type; MUT, mutated.

The results demonstrated that, at 48 h after transfection with
miR-34a mimic, MCF-7 cells were significantly arrested in
Gl phase when compared with the NC group. In addition,
miR-34a inhibitor markedly declined the Gl phase artest in
MCEF-7 cells as compared with that observed in the NC group.
No significant difference was identified between the NC and
the mimic control or inhibitor control groups (Fig. 4A and 'B).

Furthermore, the data revealed that, compared with the NC
group, miR-34a mimic significantly induced MCE-7 cell apop-
tosis (early and late apoptosis). By«ontrast, cell apoptosis was
notably inhibited by miR-34a ifthibitor. No significant differ-
ences were detected between'the NG and the mimic control or
inhibitor control groups (Figa4Cand D).

Effect of miR-34a on MCE-7 cell invasion. At 48 h after cell
transfection, the MCF-7.€ellsinvasion ability was determined.
The findings suggestéd that, compared with the NC group,
MCEF-7 cell invasion ability was significantly inhibited by
miR-34a mimic, while miR-34a inhibitor notably promoted
the MCF-7 cell invasion ability. However, no significant
differences were observed between the NC and the mimic
control or inhibitor control groups (Fig. 5).

Discussion

In recent years, great progress has been made in the investi-
gation of miR-34a in breast cancer (19-21). Previous studies
have demonstrated that multiple miRNAs are abnormally
expressed in breast cancer and are closely associated with the
development of this tumor (22,23). The study of miRNAs is
important for the diagnosis, treatment and prognosis predic-
tion of breast cancer (24). Therefore, in the present study,
the expression and role of miR-34a in breast cancer were
investigated.

Initially, the level of miR-34a in human breast cancer and
adjacent normal tissues was detected in the present study, and

NC

mimic control
miR-34a mimics
inhibitor control
miR-34a inhibitor

1.0+

thtd

OD value at 570 nm

0.0

24h 48h 72h

Figure 3. miR-34a inhibits MCF-7 cell viability. At 48 h after cell transfec-
tion, the viability of MCF-7 cells was analyzed by an MTT assay. "P<0.05 and
“P<0.01 vs. NC group. miR, microRNA; NC, negative control; OD, optical
density.

the results revealed that miR-34a was significantly decreased
in breast cancer tissues. Next, to further investigate the role
of miR-34a in the development of breast cancer, the MCF-7
cell line was used to perform in vitro investigation. The bioin-
formatics prediction tool TargetScan was used to predict the
potential targets of miR-34a, and the results indicated that
Notchl is a target of miR-34a. Notch1 pathway is considered to
be an important pathway regulating the proliferation of breast
cancer cells. Inhibition of Notchl pathway in breast cancer
cells and stem cells has been reported to effectively inhibit
cell proliferation and promote apoptosis (25). The underlying
mechanism may be associated with the decrease of the expres-
sion of nuclear factor-kB, cyclin Bl and B-cell lymphoma-2,
which are located downstream of Notch1 (26). It has also been
reported that miR-34a is able to inhibit the proliferation of a
variety of tumor cells. For instance, Ma et al (27) found that
miR-34a inhibited the proliferation and promoted the apop-
tosis of H1299 cells by targeting transforming growth factor
[ receptor II. Gougelet er al (28) also observed that miR-34a
reduced the proliferation ability of primary cultured hepato-
carcinoma cells by inhibiting cyclin D1 and hepatocyte nuclear
factor-4a expression levels. The current study demonstrated
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Figure 4. miR-34a induces MCF-7 cell apoptosis and G1 phase arrest. At 48 h after cell transfection, the cell cycle distribution and apoptosis of MCF-7 cells
were determined by flow cytometry. (A) Cell cycle distribution and (B) the percentage of cells in G1 phase.(€) Apoptosis of MCF-7 cells in different groups.
Q2 and Q3 indicate the early and late apoptosis, respectively. (D) The percentage of apoptotic cells. “P<0.05 and "P<0.01s. NC group. miR, microRNA; NC,
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Figure 5. miR-34a prevents MCF-7 cell invasion. At 48 h after cell transfec-
tion, the invasion ability of MCF-7 cells was determined by a cell invasion
assay, and the data were analyzed. “P<0.01 vs. NC group. miR, microRNA;
NC, negative control.

that miR-34a was able to negatively regulate Notchl expres-
sion in MCF-7 cells, and miR-34a mimic transfection inhibited
MCEF-7 cell viability, and induced cell apoptosis and G1 phase
arrest.

Notchl pathway is considered to be involved in the regula-
tion of breast cancer cell invasion and migration. Recently,
Zhang et al (29) reported that upregulation of Notchl in the
breast cancer cell line MCF-7 induced epithelial-mesenchymal
transition, and promoted cell invasion and migration. In

addition, Notch signaling activation promoted the ability of
cell migration and growth (30). miR-34a is also an important
regulatory factor involved in tumor invasion and metastasis.
Lai et aly(31) reported that miR-34a was able to inhibit colon
cancer cell migration through regulating the sirtuin 1/p53
pathway. Liang et al (32) also indicated that the inhibitory effect
of miR-34a on the invasion and migration of prostate cancer
cells was associated with the targeted regulation of lymphoid
enhancer binding factor 1. Finally, Yu et al (33) demonstrated
that miR-34a inhibited the invasion, migration and angiogen-
esis of bladder cancer by targeting CD44 in vitro and in vivo.
In the present study, the results revealed that miR-34a mimic
prevented MCF-7 cell invasion, which is consistent with the
findings of the aforementioned previous studies.

In conclusion, the data of the current study proved the low
expression level of miR-34a in human breast cancer tissues
as compared with the adjacent normal tissues. In addition,
overexpression of miR-34a was found to inhibit breast cancer
cell viability and invasion, as well as induce cell apoptosis and
G1 phase arrest. miR-34a may exerts its role, at least partly,
by targeting Notchl, and this miRNA may be a promising
therapeutic target for the treatment of breast cancer. However,
only MCF7 cells were examined in current study; therefore,
similar results in other breast cancer cells would be required
to establish the role of miR-34a in the suppression of breast
cancer cell proliferation and invasion.
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