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MicroRNA-147 suppresses proliferation, invasion and migration
through the AKT/mTOR signaling pathway in breast cancer
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Abstract. The Akt/mTOR pathway is considered to be the
most frequently aberrantly activated pathway in human
tumors. It is activated in a variety of types of tumor, and is
therefore an attractive target for study, including it's potential
regulation by microRNAs. A number of microRNAs (miRs)
have been demonstrated to target the Akt/mTOR pathway. A
previous study reported that miR-147 targets the EGFR-driven
cell-cycle protein network in breast cancer. EGFR serves a
crucial role upstream to Akt/mTOR. To define the function
and mechanism of miR-147 in breast cancer, the present study
assessed miR-147 expression in a normal mammary epithelial
cell line and three breast cancer cell lines, and observed that
miR-147 expression was markedly low in the highly invasive
cell line, MDA-MB-231. Ectopic expression of miR-147 in
MDA-MB-231 resulted in a reduction of the phosphorylation of
crucial molecules in the Akt/mTOR pathway and the prolifera-
tion, invasion and migration of the cell line was also reduced.
The effects of miR-147 expression are similar to that of sShIRNA
which is specifically designed to silence the expression of
Akt. The findings of the present study indicate that miR-147
suppressed the proliferation, invasion and migration of breast
cancer cells through targeting the Akt/mTOR signaling
pathway. As a new microRNA targeting Akt/mTOR pathway.
Using miR-147 may therefore provide an effective therapeutic
approach to suppress tumorigenicity in breast cancer.

Introduction
Breast cancer is a malignant disease derived from the epithe-

lium of the mammary glands. In 2012, breast cancer was
ranked first in cancer incidence among women worldwide,
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with an estimated 1.7 million cases (1). For cancer-associated
mortality, breast cancer was ranked the leading cause of
death among women, with an estimated 521,900 mortalities
worldwide in 2012 (1). It is therefore important to investi-
gate potential targets for tumorigenesis and progression of
breast cancer. Previous studies (2-4) have demonstrated that
Akt/mTOR pathways appear to be a prime strategic target for
breast cancer therapeutic development.

Akt and the mammalian target of rapamycin (mTOR)
signaling pathways have regarded to serve critical roles in cell
proliferation, motility, survival and therapy resistance (3). The
activation of the Akt/mTOR pathway has been observed in a
variety of tumors, including colon cancer, kidney cancer, some
lymphomas, bone sarcoma and in particular, breast cancer (3).
Inhibition of the Akt/mTOR pathway results in suppression of
cell proliferation and promotion of cell death, making it an
attractive target for oncology research (4).

MicroRNAs (miRs) are a type of multi-functional small
non-coding RNA, which have numerous number and exists
widely in animals and plants. In recent years, it has been
demonstrated that miRs target mRNA at the transcription
level and inhibit the mRNA translation process or promote
the degradation of mRNA (5). A number of miRs have been
reported to target or affect the Akt/mTOR pathways. Ectopic
expression of miR-7, which has previously been identified
as a tumor suppressor, inhibited tumor growth and metas-
tasis, and restrained the expression of Akt, mTOR and the
downstream P70S6K in hepatic cancer (6). In addition, it
was demonstrated that mTOR and P70S6K are target genes
of miR-7 (6). Other miRNAs including miR-144, miR-126,
miR-199a-3p and miR-718, regulate the Akt/mTOR pathway
in ovarian, oral, colorectal and human non-small-cell lung
cancers and Kaposi's sarcoma (7-11). Few studies identified
miRs regulating Akt/mTOR pathway in breast cancer (12-15).
MiR-122 was observed to inhibit the cell proliferation and
tumorigenesis of breast cancer and to suppress the activa-
tion of the Akt/mTOR pathway by targeting IGF-1R, which
is an upstream molecule of the Akt/mTOR pathway (12).
Another study identified three miRs (miR-147, miR-124,
and miR-193a-3p) that inhibit cell-cycle progression and
proliferation by targeting EGFR-driven cell-cycle network
proteins in breast cancer (13). EGFR also serves a crucial role
in the initiation of the Akt/mTOR pathway (14). Furthermore,
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miR-147 was found to repress cell invasion and proliferation,
induce cell arrest at G1 in colon cancer (15). In addition, it has
been shown that ectopic expression of miR-147 prevented Akt
phosphorylation (15).

Although studies have identified miR-147 as a tumor
suppressor (14,15), the effect and the corresponding mecha-
nisms of miR-147 in breast cancer remains to be investigated.
Here, the present study aimed to understand the effect of
miR-147 on the biological behaviors of breast cancer cells,
phosphorylation of Akt and the potential downstream path-
ways regulating these processes in breast cancer.

Materials and methods

Cell culture. The normal mammary epithelial cell line
MCF-10A and the breast cancer cell lines MCF7, SK-BR-3
and MDA-MB-231 were obtained from the Institute of
Basic Medical Sciences of the Chinese Academy of Medical
Sciences (Beijing, China). MCF-10A cells and MDA-MB-231
cells were cultured in Dulbecco's minimum essential medium
(DMEM,; Hyclone, Logan, Utah, USA) with 10% fetal bovine
serum (FBS; Lanzhou National Hyclone Bio-engineering,
Lanzhou, China). MCF7 cells were cultured in RPMI 1640
(Hyclone) with 10% FBS and SK-BR-3 cells were maintained
in RPMI 1640+HEPES with 10% FBS. All of the above cells
were cultured at 37°C in a 5% CO, atmosphere incubator.

Reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA samples were isolated using Invitrogen TRIzol reagent
(Thermofisher Scientific, Inc., Carlsbad, CA, USA) according to
the manufacturer's instructions. Reverse transcription was then
conducted using All-in-One miRNA gRT-PCR Detection kit
(GeneCopoeia, Rockville, MD, USA) to obtain cDNA. The total
reaction system was incubated at 42°C for 60 min, then 70°C for
10 min and cooled on ice. The PCR reaction was performed using
All-in-One miRNA gRT-PCR Detection kit (GeneCopoeia)
with a Bio-Rad iCycler single-color real-time detection system
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). RNU6 was
used as the internal control of miRNA. The primers for miR-147
and RNU6 were designed and sythesized by GeneCopoeia. The
relative expression values of miRNA were calculated by the 2444
method. Cq is the intensity value of fluorescent signal detected by
the thermal cycler. AACq=(CqmiRNA - CqU6). Using 244 ag
the expression of miR in each experimental group. The average
expression level of MCF7 cells was set to 1. The expression
levels of the other cancerous groups were normalized to that of
the MCF7 cell group, as the MCF7 cell group exibited the least
intra-group difference with regard to miR-147 expression.

Ectopic expression of miR-147 and RNA interference.
miR-147 mimic transfection was performed using mimics of
miR147 or C. elegans miRNA (Guangzhou RiboBio Co., Ltd.,
Guangzhou, China) following the manufacturer's protocol.
The final reagent concentration of the mimics was modulated
to 50 nM. The si-Akt expressing plasmid vector was designed,
synthesized and packaged by Shanghai GenePharma Co., Ltd
(Shanghai, China). The quantity of si-Akt expressing plasmid
vector used was 2 pg/well (6 well plate). A total of 1.25 ul/well
Invitrogen Lipo2000 (Thermofisher Scientific, Inc.) was used
to transfect the miR mimic or siRNA into MDA-MB-231 cells
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at a density of 2.5x10° cells/well, according to the manufacturer's
protocol. Cell proliferation assays were performed every 24 h
for seven days after transfection. Total RNA and total protein
were extracted two days after transfection, and the cells were
dissociated two days after transfection for the Transwell assays.

Cell proliferation assay. A total of 2.5x10° cells/well were seeded
into 96-well plates with 5 repeated wells. The absorbance values
were detected every 24 h for 7 days. Before the detection, 20 pl
MTT (Sigma-Aldrich, St. Louis, MO, USA) was added in each
well and the cells were incubated for 4 h. After incubation, the
upper liquid was removed and 200 xl DMSO (Chengdu Kelong
Chemical Co., Ltd., Chengdu, China) was added to each well.
The absorbance value was determined at 490 nm using a Multi-
skan Spectrum microplate spectrophotometer (Thermofisher
Scientific, Inc.).

Transwell assay. Boyden Well (BD Biosciences, Franklin Lakes,
NIJ, USA) was used for the assessment of the migration and inva-
sion of transfected cells. Polycarbonate Microporous Membrane
was placed between the upper and lower chambers. For the inva-
sion assay, the membrane of the upper chambers were coated
with 6 mg/l Matrigel (BD Biosciences) and incubated at 37°C
for 30 min. For the migration assay, the wells were not coated
with Matrigel. MDA-MB-231 cells were seeded at a density of
1x10° cells in each upper chamber and DMEM+10% FBS was
placed in the lower chambers. The plates were then incubated at
37°C, 5% CO,. After 24 h, the membranes were removed and
fixed in 4% paraformaldehyde (Chengdu Kelong Chemical Co.,
Ltd.), stained with Giemsa (Sigma-Aldrich) and washed with
PBS buffer. The migration and invasion of each group were
quantified as the mean number of cells found in ten microscope
fields [magnification, x400; Eclipse E200; Nikon Instruments
(Shanghai) Co., Ltd., Shanghai, China].

Western blot analysis. Cells were dissolved using RIPA buffer
to obtain the cell lysates. Next, 5X Loading Buffer (Chengdu
Cetme Science and Technology Co., Ltd., Chengdu, China) was
added to the cell lysates, and incubated at 70°C for 10 min. Total
proteins were separated on 8-12% gradient SDS-polyacrylamide
gels and transferred to PVDF membranes (EMD Millipore,
Billerica, MA, USA). B-actin was used as loading control. The
PVDF membranes were then blocked in TBST with 5% nonfat
milk for 1 h, and incubated with the following antibodies:
monoclonal rabbit anti-human anti-Akt (1:1,000), anti-p-Akt
(1:1,000), anti-P70S6K (1:1,000), anti-p-P70S6K (1:1,000),
anti-4E-BP-1 (1:1,000), anti-p-4E-BP-1 (1:1,000) (CST, Boston,
Massachusetts, USA) and monoclonal mouse anti-human
anti-f-actin (1:1,000) (Santa Cruz Biotechnology, Dallas, Texas,
USA). Following washing with TBST the membranes were
incubated with polyclonal goat anti-rabbit or rabbit anti-mouse
IgG secondary antibodies (1:10,000) (Beijing Zhongshan
Golden Bridge Biotechnology Co., Ltd., Beijing, China) for 1 h
then washed with TBST. The blots were developed using ECL
reagents (EMD Millipore). The exposure and image capture
was performed with a Gel Dox XR+ imaging system (Bio-Rad
Laboratories, Inc.).

Statistical analysis. All quantitative data are expressed as the
mean =+ standard error. The results were analyzed by Prism 6
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Figure 1. miR-147 expression was downregulated in the aggressive breast
cancer cell line, MDA-MB-231 cells. Samples were normalized to RNU6.
miR-147 expression in MDA-MB-231 cells was significantly reduced dom-
pared with the other 3 cell types. ““P<0.001; all experiments were performed
in triplicate.

software, version 6.01 (GraphPad Software, Inc., La Jolla, CA,
USA). Statistical analyses were performed using Student's
t-test for comparisons between each case group and the control
group. Linear regression was used for cell growth curve
comparisons. P<0.05 was considered to indicate a statistically
significant difference.

Results

miR-147 expression was downregulated in highly aggres-
sive breast cancer cell line. To determine the function and
mechanism of miR-147 in breast cancer, miR-147 expression
was detected in breast cancer cell lines. Normal mammary
epithelial cell line (MCF-10A), two less aggressive breast
cancer cell lines (MCF7 and SK-BR-3), and a highly aggres-
sive breast cancer cell line (MDA-MB-231) were cultured
in vitro. The endogenous levels of miR-147 in the above cell
lines were examined by RT-PCR. The level of miR-147 expres-
sion in MCF-10A, MCF7 and SK-BR-3 cells was relatively
high, while the expression of miR-147 in MDA-MB-231 was
too low to be detected. The difference in miR-147 expression
level between MDA-MB-231 and the other 3 cell lines was
statistically significant (Fig. 1; P<0.001), indicating that the
expression of miR-147 may be negatively correlated with the
aggressiveness of breast cancer. The MDA-MB-231 cell line
exhibits high aggressiveness and low miR-147 expression, and
was chosen to be used in further experiments.

miR-147 repressed cell proliferation, invasion and migration.
Proliferation, invasion and migration are examples of the
characteristic aggressive properties of cancer cells. A 3-[4,
5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide
(MTT)assay was used toinvestigate the effect of miR-147 oncell
proliferation. MiR-147 was transiently transfected into the cell
line MDA-MB-231 to form the ‘miR-147" group. In the ‘si-Akt’
group, siRNA was transfected to knockdown the expression
of Akt. Fig. 2 shows that there was a significant decrease in
the MTT value in miR-147 transfected MDA-MB-231 cells on
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Figure 2. miR-147 repressed cell proliferation. “P<0.001 vs. BC and NC;
“P<0.001 vs. BC. BC, blank control MDA-MB-231 cell; NC, MDA-MB-231
cell transfected with a C. elegans miRNA; miR-147, miR-147 mimics-trans-
fected cells; si-Akt, specific siRNA knockdown of Akt.

day 7, in comparison to the blank control cells [MDA-MB-231
cells cultured in DMEM=10% FBS; blank control, (BC)] and
negative control miR transfected cells (P<0.001). In addition,
in comparison with the BC cells, the knockdown of Akt in
MDA-MB-231 cells also resulted in a reduced MTT value
(P<0.001). Although miR-147 transfected cells had a higher
MTT value compared with knockdown of Akt cells on day 4
(P=0.007), a statistically significant difference was not
observed between the MTT value of the miR-147 group and
si-Akt group on overall trend (P=0.086).

Transwell assays were used to measure the cell invasive
and migrating capability. The number of cells that invaded
the Matrigel or traversed the microporous membrane are
presented in Fig. 3. The number of invasive and migratory
miR-147 transfected cells was significantly less than the BC
and miR transfected negative control cells both in the invasion
assay (P<0.01; Fig. 3A and B) and migration assay (P<0.001);
Fig. 3C and D). Similarly, the number of invasive and migra-
tory cells following the knockdown of Akt was less than the
BC cells both in invasion assay (P<0.001; Fig. 3A and B) and
migration assay (P<0.001; Fig. 3C and D). The number of
invasive cells following knockdown of Akt was less than the
number of invasive miR-147 transfected cells in the invasion
assay (P=0.047), however no significant difference between
the two in the number of migrating cells was observed in the
migration assay (P=0.769).

miR-147 reduced the activation of Akt/mTOR signaling
pathway. Previous studies have reported that Akt may be
a potential target of miR-147 (13,15). To investigate how
miR-147 affects AKT, and the role of Akt in miR-147 induced
cell proliferation, invasion and migration inhibition, western
blotting was performed to assess the expression and phosphor-
ylation of the Akt protein and the downstream key effectors
in the Akt/mTOR pathway. Fig. 4 demonstrates that miR-147
expression repressed the phosphorylation of Akt, P70S6k
and 4E-BP-1 in MDA-MB-231 cell, but appeared to have no
effect on the total level of these proteins. Knockdown of Akt
restrained both Akt phosphorylation and total Akt level, and
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Figure 3. miR-147 repressed cell invasion and migration. (A) Number of cells that invaded the Matrigel and membrane. “P<0.01 vs. BC and NC; ““P<0.001 vs.
BC. (B) Typical images of the invasion assay, at x400 magnification. (C) Number of cells that traversed the membrane. ““P<0.001 vs. BC and NC; ““P<0.001 vs.
BC. (D) Typical images of the migration assay, at x400 magnification. BC, blank control cells; NC, normal control cells; miR-147, miR-147 mimics-transfected

cells; si-Akt, specific siRNA knockdown of Akt.

the downstream phosphorylation of P70S6k and 4E-BP-1. The
total P70S6K level was slightly upregulated in the ‘si-Akt’
group. Generally, the effect of miR-147 on Akt/mTOR pathway
was analogous to that of siRNA directed at Akt.

Discussion

The present study demonstrated that miR-147 is relatively highly
expressed in the normal breast epithelial cell line (MCF-10A)
and the less aggressive breast cancer cell lines (MCF7,
SK-BR-3) and markedly low expression in the most aggressive
breast cancer cell line studied (MDA-MB-231). Few studies
have reported the expression of miR-147 in breast cancer. In
respect to other types of tumor, Yao et al (16) demonstrated that
miR-147 was overexpressed in gastric cancer compared with
normal gastric tissue; Wong et al (17) reported that miR-147
has higher expression in squamous cell carcinoma of the tongue
compared with paired normal tissue. miR-147 expression was
previously demonstrated to be higher in recurrence hepatocel-
lular carcinoma following liver transplantation when compared
with non-recurrence hepatocellular carcinoma (18). The result
of the present study is inconsistent with the previous studies,
which may be due to following reasons. First, the tumors in the
previous studies are different types to the current study, and may

result in the differences observed in its detection. In addition,
the above studies analyzed the expression of miR-147 by micro-
array, which is high throughput but lower in accuracy (16-18).
Yao et al (16) and Wong et al (17) did not verify miR-147
expression by PCR, in comparison to the present study that used
RT-PCR to accurately quantify miR levels. The present study
demonstrated that miR-147 was expressed at higher levels in
MCF7 and SK-BR-3 cell lines compared with in MCF-10A cells
(P<0.05): This result suggests that less aggressive breast cancers
may express higher levels of miR-147 than that of normal
tissue, while miR-147 expression is significantly reduced in
more aggressive breast cancers. Equally, other types of tumors
may also express high levels of miR-147, as was indicated in
the above studies (16,17). However, the association between
miR-147 expression and the grade malignancy of breast cancer
remains to be defined.

Akt/mTOR signaling pathway is considered to be one of the
most frequently aberrantly activated pathways, which affects
30-50% of human tumors (3). Akt is a key regulator of survival
during cellular stress, which appears to be crucial in cancer (19).
mTOR is a serine/threonine kinase widely expressed in
mammalian cells. Through its downstream effectors, P70S6K
and 4E-BP-1, it is involved in the initiation of ribosomal transla-
tion of mRNA into proteins necessary for cell proliferation, cell
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Figure 4. miR-147 inhibited the activation of the Akt/mTOR signaling pathway.
B-Actin was used as loading control. Ectopic expression of miR-147 down-
regulated Akt phosphorylation (p-Akt), P70S6K phosphorylation (p-P70S6K)
and 4E-BP-1 phosphorylation (p-4E-BP-1), compared with blank control
MDA-MB-231 cells (BC) and negative control miR-transfected cells (NC).
Knockdown of Akt (si-Akt) reduced phosphorylation and the total level of Akt.
The phosphorylation of P70S6K and 4E-BP-1 was also inhibited in the si-Akt
group. The total P70S6K level was slightly upregulated in the si-Akt group.

metabolism and cell cycle progression (20). Akt and the down-
stream P70S6K and 4E-BP-1 serve key roles in Akt/mTOR
pathway. The phosphorylation of these molecules represents
the activation of Akt/mTOR pathway. On the contrary, reduced
phosphorylation of Akt,P70S6K and 4E-BP-1 indicates suppres-
sion of the pathway (21). The present study demonstrated that
ectopic expression of miR-147 restrained the phosphorylation
of Akt and the downstream P70S6K and 4E-BP-1. This effect
was similar to that of siRNA which specifically silence the
expression of Akt. The result indicates that miR-147 may serve
a suppressor role in Akt/mTOR pathway. A previous study
reported that overexpression of miR-147 may downregulate
the phosphorylation of Akt in colon cancer (15). In addition,
Uhlmann et al (13) even identified Akt2 and CyclinDI as direct
targets of miR-147. However, these two studies did not demon-
strate the effect of miR-147 in the downstream mTOR pathway.
The present study reported the association between miR-147
and the Akt/mTOR pathway in breast cancer.

The current study demonstrated that miR-147 expression
represses the cell proliferation, invasion and migration in breast
cancer, similarly to the effect of siRNA silencing Akt expres-
sion. This result is consistent with Uhlmann et al (13). miR-147
was also demonstrated to inhibit the invasion and motility of
colon cancer cells (15). The comparison between miR-147
and knockdown of Akt with siRNA was not conducted in
the above studies. The present study directly compared the
effect of miR-147 with that of siRNA downregulating Akt,
and confirmed that the suppressor function of miR-147 was
achieved through Akt/mTOR pathway. miR-147 may provide
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a novel target for breast cancer therapy targeting Akt/mTOR
pathway.

The endogenous level of miR-147 was downregulated in
highly aggressive breast cancer cell line. Ectopic expression of
miR-147 repressed cell proliferation, invasion and migration by
inhibiting activation of Akt/mTOR signaling pathway in breast
cancer cell. The above effects of miR-147 were analogous to
that of siRNA targeted to specifically silence Akt. Acting as a
potential tumor suppressor, miR-147 indicates a novel avenue
for breast cancer therapy targeting Akt/mTOR pathway.
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