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MicroRNA-125a-5p controls the proliferation, apoptosis,
migration and PTEN/MEK1/2/ERK1/2 signaling
pathway in MCF-7 breast cancer cells
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Abstract. MicroRNA (miR)-125a-5p has shown the potential
for suppressing tumorigenesis and development; however,
the effects of miR-125a-5p on breast cancer cells remains
unknown. The aim of this study was to evaluate the effects
and underlying mechanisms of miR-125a-5p in MCF-7 breast
cancer cells. MCF-7 cells were transfected with miR-125a-5p
mimic or miR-125a-5p small interfering RNA to produce
miR-125a-5p overexpressing/knockdown cells. Cell prolifera-
tion was assessed by an MTT assay, and cell migration ability
was determined by an in vitro scratch assay. Hoechst 33258
staining and flow cytometry were performed to assess the
effects of miR-125a-5p on MCF-7 apoptosis. Western blotting
and reverse transcription-quantitative polymerase chain reac-
tion were used for measuring phosphatase and tensin homolog
(PTEN), phosphorylated (p)-mitogen-activated protein kinase
kinase (MEK1/2)/MEK1/2, p-ERK1/2/ERK1/2, B-cell
lymphoma-2 (Bcl-2), cleaved caspase-3, and miR-125a-5p
expression. miR-125a-5p overexpression inhibited the
proliferation and migration, but promoted the apoptosis of
MCEF-7 cells. These effects were associated with increases
in PTEN and cleaved caspase-3 expression, and decreases
in p-MEK1/2/MEK1/2, p-ERK1/2/ERK1/2, and Becl-2.
Silencing of miR-125a-5p exhibited opposing effects on
MCEF-7 cells. These observations suggested that miR-125a-5p
participates in the regulation of multiple functions of MCF-7
cells by promoting the expression of PTEN tumor suppressor
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genes, activating MEK1/2/ERK1/2 signaling, and regulating
caspase-3/Bcl-2 signaling. Thus, it may be a suitable target for
breast cancer gene therapy.

Introduction

Breast cancer is one of the most common malignant tumors in
females. It has the highest incidence among this population,
and the age of onset is decreasing. The lifetime risk of having
breast cancer is 10% in women (1). Approximately 500,000
people succumb to mortality each year from breast cancer,
and the mortality rate increases by 2-3% annually (2). Early
diagnosis and treatment have been particularly important
in breast cancer as the options for primary prevention are
limited. Identifying and studying the genes responsible for
the growth and malignancy of breast cancer is critical for
disease therapy.

MicroRNAs (miRs) bind to target genes involved in such
pathologic processes as cell proliferation, differentiation
and apoptosis, and affect their expression in the tissues and
cells (3). miR-125a-5p has been reported to be abnormally
expressed in prostate carcinoma (4). Various studies have
shown miR-125a-5p to be closely related to tumor cell growth,
differentiation and metastasis (5-7). Nevertheless, its effects
on the proliferation, migration, and apoptosis of breast cancer
cells and the underlying mechanisms remain unknown.

Phosphatase and tensin homolog (PTEN) is a well-char-
acterized tumor suppressor, and it plays a key role in cell
proliferation, migration and cell renewal by regulating the
mitogen-activated protein kinase kinase (MEK)1/2/ERK1/2
pathway (8). The MEK1/2/ERK1/2 signal pathway and
caspase-3 activation have been shown to be involved in breast
cancer cell proliferation, migration and apoptosis processes (9).
Studies revealed that miR-125a-5p could regulate the
MEK1/2/ERK1/2 signaling pathway in multiple cell
types (10,11). However, whether these proteins and pathways
are involved in the mechanisms underlying miR-125a-5p regu-
lation in breast cancer cells are unknown.

Thus, we aimed to evaluate the effects of miR-125a-5p on
the biological behaviors of MCF-7 breast cancer cells and to
investigate the underlying regulatory mechanisms.
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Materials and methods

Cell culture and grouping. Human MCF-7 breast cancer cells
were purchased from Shanghai BioLeaf Biotech. The MCF-7
breast cancer cell line was cultured in RPMI-1640 medium
containing 10% fetal bovine serum (Hyclone; GE Healthcare
Life Sciences), 100 U/ml penicillin, and 100 pg/ml strepto-
mycin in an incubator with 5% CO, and 95% humidity at 37°C.
Trypsin (0.25%) was used to digest the cells when 80% of the
cells adhered to the culture dish and for the subculture, which
was performed every 2-3 days.

Lentiviral-mediated transfection to establish stable MCF-7
cell lines with miR-125a-5p overexpression or reduced
miR-125a-5p expression. MCF-7 cells were infected
with green fluorescent protein (GFP)-expressing lenti-
virus (1x107 multiplicity of infection) that also contained
miR-125a-5p overexpression vector (LV-miR-125a-5p),
miR-125a-5p silencing small interfering (si)RNA
(siRNA-LV-miR-125a-5p), and a scrambled sequence
(LV-NC). The medium was replaced 24 h after transfection,
and the GFP-labeled cells were counted 72 h after transfec-
tion. The positive cells were screened with puromycin (final
concentration of 1 mg/l) to eventually produce MCF-7 cells
with miR-125a-5p overexpression (MCF-7miR-12535p cel]s),
MCF-7 cells with miR-125a-5p knockdown (MCF-78imiR-125a-5p
cells), and stable LV-scramble infected MCF-7 cells
(MCF-7N¢), which served as the control.

Detection of miR-125a-5p expression in MCF-7 cells.
The MCF-7miR-125a5p  MCF-75miR-1250-50 " and MCF-7N€ cells
were seeded in 6-well plates. Once the MCF-7miR-125a-5p
MCE-75miR12525p and MCF-7N€ cells reached 90% confluence,
total RNAs of the harvested cells were extracted using TRIzol®
reagent (Thermo Fisher Scientific, Inc.) a hairpin-it™ miRs
reverse transcription-quantitative PCR (RT-qPCR) kit was
then used to synthesize miR-125a-5p cDNA. The RT primer
sequences were human miR-125a-5p-RT (5'-GTCGTATCC
AGTGCAGGGTCCGAGGTGCACTGGATACGACCTGCA
G-3"); U6-RT (5'-GTCGTATCCAGTGCAGGGTCCGAG
GTATTCGCACTGGATACGACAAAATATGGAAC-3"), and
the reverse transcription conditions were 25°C for 30 min, 42°C
for 30 min, and subsequently 85°C for 5 min. The products of
RT were used as templates for PCR. The primer sequences
of qPCR were 5'-ACACTCCAGCTGGGTCCCTGAGAC
CCTTAA-3' (miR-125a-5p forward primer), 5'-CTCAACTGG
TGTGGAGT-3' (miR-125a-5p reverse primer), 5'-CTCGCT
TCGGCAGCACA-3' (internal reference gene U6 forward
primer), and 5'-~AACGCTTCACGAATTTGCGT-3' (internal
reference gene U6 reverse primer). The PCR conditions were
95°C denaturation for 3 min, 40 cycles of 95°C denaturation
for 12 sec and 60°C annealing and elongation for 40 sec. The
RT-qPCR procedures were performed in strict accordance
with the manufacturer's instructions. Six replicate wells were
performed in each group, and each experiment was performed
six times. The relative expression levels of target genes were
calculated using the 2-4% method (12).

Assessment of MCF-7 cell proliferation. The harvested
MCE-7miR-1252-5p  N[CE-75imiR-1252-5p and MCF-7N€ cells were
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independently inoculated in six wells in 96-well plates (each
well contained 100 pl complete cell culture medium with
2x10° cells and incubated at 37°C for 5 days. Cells were
incubated in RPMI-164 + 10% FBS (HyClone; GE Healthcare
Life Sciences). The viability of cells in different groups was
measured daily via an MTT assay for 5 days. For the MTT
assay, 20 ul MTT solution was added to each well of cells for
incubation at 37°C for 4 h, followed by removal of the solution
and addition of 150 ul dimethyl sulfoxide, followed by incuba-
tion at 37°C for 20 min; the absorbance was then measured
at 490 nm using a microplate reader. This experiment was
performed six times.

In vitro scratch assay to detect MCF-7 cell migration. The
harvested MCE-7miR-125-5p \[CE-75miR-1252-5p and MCFE-7NC cells
were independently inoculated and incubated in six-well plates
(each well contained 2 ml complete cell culture medium with
5x10* cells). Each group of cells was transferred into serum-free
medium once they reached 90% confluence. Then, a 200-u1
pipette tip was used to scratch a straight line in the middle
of the well. The scratch width in each well was measured
under an inverted microscope and the measurement points
were recorded. The scratch width at the same position was
measured again after incubated at 37°C for 16 h. The difference
between the two measurements in each well was expressed in
terms of cell migration distance after 16 h. This experiment
was performed six times. Quantitative analysis of migration
was calculated using the following equation: (Cell-free area at
0 h-cell-free area at 16 h)/cell area at 0 h x100%.

MCF-7 apoptosis analysis. Cell apoptosis was analyzed by
Hoechst 33258 staining and an Annexin V-phycoerythrin (PE)/
7-amino-actinomycin (7-AAD) apoptosis detection kit (BD
Biosciences). The harvested MCF-7miR-125a-5p N[CF-75imiR-1252-5p
and MCF-77¢ cells were independently inoculated and incu-
bated in six-well plates (each well contained 2 ml complete cell
culture medium with 5x10* cells). Once the cells reached 90%
confluence, the cells were transferred to serum-free medium
for 24 h incubation at 37°C to stimulate apoptosis, which
was assessed using an apoptotic cell Hoechst 33258 dye kit
according to the manufacturer's protocol (Beyotime Institute
of Biotechnology) and observed under a fluorescence micro-
scope (Leica Microsystems GmbH; magnification, x400). The
apoptotic cells per well were counted in five different fields
of vision. The percentage of apoptotic cells per field of vision
divided by the total number of cells per field of vision was
obtained as the apoptotic rate.

For Annexin V-PE/7-AAD apoptosis detection, MCF-7
cells after different treatments were collected by using 0.25%
trypsin and centrifuged at 200 x g at room temperature for
3 min. Cells were then washed with PBS and resuspended
in 100 pl 1X annexin-binding buffer, which was included
in the kit. Subsequently, 5 pl PE-conjugated Annexin V and
5 ul 7-AAD were added to the cell suspension, and incubated at
room temperature for 15 min. The rate of apoptosis in MCF-7
cells was detected by flow cytometry. The cells stained only
with Annexin V were considered as MCF-7 cells in early apop-
tosis, and those stained for both Annexin V and 7-AAD were
considered as late apoptotic cells. In this study, we defined the
apoptotic cells as both early and late apoptotic cells.
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Figure 1. Overexpression and knockdown of miR-125a-5p in MCF-7 cells. (A) miR-125a-5p overexpression, silencing and control cells were observed by
fluorescence microscopy. Scale bar=400 pm. (B) Reverse transcription-quantitative polymerase chain reaction demonstrated the levels of miR-125a-5p in
MCEF-7 cells. "P<0.05, vs. MCF-7N¢; *P<0.05, vs. MCF-7miR125%5; n=6/group. Lv, lentiviral; miR, microRNA; NC, negative control.

Western blotting analysis of protein expression

Protein extraction. After collecting the MCF-7 cells by
centrifugation (200 x g and 4°C for 3 min), the MCF-7 cells
were lysed with RIPA buffer (Applygen Technologies, Inc.)
containing protease inhibitor and subsequently centrifuged at
13,000 x g and 4°C for 10 min to collect the supernatant (total
protein) for later use.

Western blotting. The extracted proteins were separated
using 12% SDS-PAGE and subsequently transferred to poly-
vinylidene difluoride (PVDF) membranes. The membranes
were blocked at room temperature with Tris-buffered
saline (TBS) containing 5% fat-free dry milk (i.e., 50 mmol/l
Tris, 150 mmol/l NaCl, pH 7.6, and 5% fat-free dry milk) for
1 h. After a few washes in TBS containing 0.5% Tween-20
(TBST), the protein blots were incubated with f-actin
(1:1,000; cat. no. E02102001; EarthOx), PTEN (1:1,000;
cat. no. 9188S; Cell Signaling Technology, Inc.), MEK1/2
(1:500; cat. no. 4694S; Cell Signaling Technology, Inc.),
ERK1/2 (1:1,000; cat. no. 4695S; Cell Signaling Technology,
Inc.), B-cell lymphoma-2 (Bcl-2, 1:500, cat. no. 3498S;
Cell Signaling Technology, Inc.), and caspase-3 (1:400;
cat. no. 9664S; Cell Signaling Technology, Inc.) primary
antibodies at 4°C overnight. After a few washes in TBST,
the protein blots were incubated with 1:50,000 horseradish
peroxidase (HRP)-conjugated goat-anti-mouse secondary
antibodies (cat. no. 7076S; Cell Signaling Technology, Inc.)
or HRP-conjugated goat-anti-rabbit secondary antibodies
(cat. no. 7074S; Cell Signaling Technology, Inc.) at room
temperature for 1 h. After three washes in TBST, the protein
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Figure 2. Effects of miR-125a-5p overexpression and silencing on MCF-7 cell
proliferation. Proliferation ability of MCF-7 cells between the miR-125a-5p
overexpression, silencing and control groups. ‘P<0.05, vs. MCF-7¢; *P<0.05,
vs. MCF-7miR 125050, n=6/group. Lv, lentiviral; miR, microRNA; NC, negative
control.

blots were developed in enhanced chemiluminescence
(Amersham) substrate, and then results were analyzed under
Quantity one 4.6 software (Bio-Rad Laboratories, Inc.).
[-actin was used as an internal reference protein. Relative
protein expression was measured based on the ratio of the
target protein absorbance to the -actin protein absorbance.
This experiment was performed six times.


https://www.spandidos-publications.com/10.3892/mmr.2019.10704

4510

MCF-7miR-1252-5p

Oh

16 h

&

MCF-7 migration
(% of total cell free area)

LIANG et al: EFFECTS OF miR-125a-5p ON MCF-7 CELLS

MCF-75imiR-125a-5p

Lv-miR-125a-5p -
Lv-SimiR-125a-5p -

Figure 3. Effects of miR-125a-5p overexpression and silencing on the migration of MCF-7 cells. (A) Migration ability of MCF-7 cells in the miR-125a-5p
overexpression, silencing and control groups. Scale bar=400 ym. (B) Summarized data of the migration of MCF-7. 'P<0.05, vs. MCF-7"; “P<0.05, vs.
MCF-7miR12%5; n=6/group. Lv, lentiviral; miR, microRNA; NC, negative control.

Statistical analysis. Data were presented as the mean =+ stan-
dard deviation. Statistical analyses were performed using
a t-test, one-way ANOVA followed by a least significant
distance post-hoc test. GraphPad Prism 5 software (GraphPad
Software, Inc.) was used for analyzing the data. P<0.05 was
considered to indicate a statistically significant difference.

Results

Overexpression and knockdown of miR-125a-5p in MCF-7
cells. MCF-7 cells were labeled with green fluorescence after
transfection with LV-scramble, siRNA-LV-miR-125a-5p, or
LV-miR-125a-5p and selection of stable clones (Fig. 1A). The
results of RT-qPCR showed that miR-125a-5p expression in
the MCF-7miR123%5 ce]ls was significantly higher than in the
MCF-7"Ccells (P<0.05; Fig. 1B); in addition, there miR-125a-5p
expression was significantly reduced in the MCF-75imiR-125a-5p
cells than in MCFE-77¢ cells (P<0.05; Fig. 1B).

miR-125a-5p is involved in MCF-7 cell proliferation and
migration. The results of the MTT assay showed the viability
of MCF-7 cells in different groups. Starting from the 3rd day
of experiment, the proliferation rate of the MCF-7miR125:5p ce][s
was significantly lower than that of MCF-7"¢ cells (P<0.05;
Fig. 2), while the proliferation rate of the MCF-7simiR-125a-5p
cells was significantly higher than that of MCF-7NC cells
(P<0.05; Fig. 2). This suggested that high miR-125a-5p

expression inhibited the proliferation of MCF-7 cells, and low
miR-125a-5p expression promoted this ability within MCF-7
cells.

The results of in vitro scratch assay revealed that migra-
tion ability of MCF-7mR125 ce]ls was significantly lower
than the MCF-7¢ cells (P<0.05; Fig. 3A and B), while that
of the MCF-751miR1252-% ce]]s was significantly higher than the
MCEF-7NC cells (P<0.05; Fig. 3A and B). These results indicated
that high miR-125a-5p expression inhibited the migration of
MCEF-7 cells. Conversely, low miR-125a-5p expression in
MCEF-7 cells resulted in enhanced migration of the cells.

miR-125a-5p increases PTEN/ MEK1/2/ ERK1/2 pathway
protein expression in MCF-7 cells. PTEN protein expres-
sion in MCF-7miR12%-% ce]ls was significantly higher than
in MCF-7NC cells (P<0.05; Fig. 4A and B). In contrast,
significantly reduced PTEN protein expression was exhib-
ited by MCF-751miR1232-% cells compared with MCF-7N¢ and
MCEF-7miR12525 cells (P<0.05; Fig. 4A and B). In addition,
we found that overexpression of miR-125a-5p significantly
decreased the phosphorylation levels of MEK1/2 and ERK1/2
in MCF-7 cells compared with the MCF-7~¢ group (P<0.05;
Fig. 4A,C and D). Additionally, silencing miR-125a-5p signifi-
cantly increased the phosphorylation levels of MEK1/2 and
ERK1/2 in MCF-7 cells compared with the MCF-7miR-123-5
group (P<0.05, Fig. 4A,C and D). These data suggested that
the PTEN/MEK1/2/ERK1/2 signaling pathway may have
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Figure 4. Effects of miR-125a-5p on PTEN, p-MEK1/2/MEK1/2,and p-ERK1/2 /ERK1/2 expressionin MCF-7 cells. (A) Expression of PTEN, p-MEK1/2/MEK1/2,
and p-ERK1/2/ERK1/2 in MCF-7 cells. (B) Summarized data of the PTEN expression. (C) Summarized data of the p-MEK1/2 /MEK1/2 level. (D) Summarized
data of the p-ERK1/2/ERK1/2 level. "P<0.05, vs. MCF-7"C; *P<0.05, vs. MCF-7mR125%50; n=6/group. ERK, extracellular signal-regulated kinase; Lv, lentiviral;
MEK, mitogen-activated protein kinase kinase; miR, microRNA; NC, negative control; p, phosphorylated; PTEN, phosphatase and tensin homolog.

contributed to the effects of miR-125a-5p on inhibiting MCF-7
cell proliferation and migration.

miR-125a-5p pomotes the apoptosis of MCF-7 cells, which is
accompanied with increased cleaved caspase-3 and decreased
Bcl-2 levels. Hoechst 33258 staining and flow cytometry
showed that the rate of apoptosis among MCF-7mR12%% ce]]s
was significantly higher than that of the MCFE-77¢ cells (P<0.05;
Fig. 5A-D), while the apoptotic rate of the MCF-75imiR-125a-5p
cells was significantly lower than that of the MCF-7N¢ cells
(P<0.05, Fig. 5A-D). These results indicated that high levels
of miR-125a-5p promoted, while low levels of miR-125a-5p
reduced the apoptosis of MCF-7 cells.

In addition, via western blotting, we monitored the levels of
cleaved caspase-3 and Bcl-2, which are associated with induc-
tion of apoptosis (13). The results showed that overexpression
of miR-125a-5p significantly increased cleaved caspase-3
expression, while decreased Bcl-2 expression was observed
compared with the control (P<0.05; Fig. 6A-C). Silencing
miR-125a-5p in MCF-7 cells revealed significantly decreased
cleaved caspase-3 protein expression and increased Bcl-2
expression compared with the control and overexpression
groups (P<0.05; Fig. 6A-C).

Discussion

In the present study, we found that miR-125a-5p inhibited
MCF-7 migration and proliferation, but promoted apoptosis.

The effects of miR-125a-5p on MCF-7 cell migration and
proliferation may be associated with an increase in PTEN, and
decrease in MEK1/2 and ERK1/2 protein expression, while
the apoptotic effects could be associated with upregulated
cleaved caspase-3 levels.

The survival time of breast cancer patients is closely related
to the pathological stage of breast cancer: The earlier the path-
ological stage at the time of diagnosis, the higher the recovery
rate (14). For this reason, and as there are currently no effective
primary prevention methods, early diagnosis and treatment are
particularly important in breast cancer (2,15). Mammography,
ultrasonography, computed tomography, magnetic resonance
imaging and biopsies are commonly used for the diagnosis
of breast cancer (16). However, each diagnostic method has
its limitations. Breast cancer treatments mainly include
surgery, chemotherapy, radiotherapy, endocrine therapy, and
biological targeted therapy (14). Although these treatments
prolong patient survival, and the postoperative recurrent and
metastatic rates are still relatively high, it is important to study
the mechanism underlying the development and progression of
breast cancer. Thus, novel therapeutic targets for breast cancer
could be identified.

miRs are non-coding single-stranded small RNAs. They
are ~18-25 nucleotides in length with high evolutionarily
conservation (17). It binds to its target mRNAs to inhibit trans-
lation and induce degradation of the mRNA, altering the levels
of expression of the target protein (18). miR-125a expression is
low in breast cancer tissues, and was negatively correlated with
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Figure 5. Effects of miR-125a-5p on serum deprivation-induced apoptosis of MCF-7 cells. (A and B) Representative images and summarized data of MCF-7
apoptosis as detected by flow cytometry. (C and D) Representative images and summarized data of MCF-7 apoptosis as detected by Hoechst 33258 staining.
Scale bar=100 #m. "P<0.05, vs. MCF-7"C; *P<0.05, vs. MCF-7mi®1255p; n=6/group. 7-AAD, 7-amino-actinomycin; Lv, lentiviral; miR, microRNA; NC, negative
control; PE, phycoerythrin.
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Figure 6. Effects of miR-125a-5p on cleaved caspase-3 and Bcl-2 expression in MCF-7 cells. (A) Expression of cleaved caspase-3 and Bcl-2 in MCF-7 cells.
(B) Summarized data of the cleaved caspase-3 expression. (C) Summarized data of the Bcl-2 level. “P<0.05, vs. MCF-7NC; *P<0.05, vs. MCF-7miR-125a-5p,
n=6/group. Bcl-2, B-cell lymphoma-2; Lv, lentiviral; miR, microRNA; NC, negative control.

tumor size, lymph node metastasis and clinical stage of breast = metastasis (20,21). A study by Scott ef al (20) has shown that
cancer (19). Previous studies have reported that miR-125a  miR-125a downregulates human epidermal growth factor
is closely related to tumor cell growth, differentiation, and  receptor 2 (ERBB2) and ERBB3 protein and mRNA expression
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by targeting ERBB2 and ERBB3; furthermore, miR-125a
inhibited the migration and invasion of SKBR3 breast cancer
cells. To the bet of our knowledge, our study, for the first time
found that miR-125a-5p inhibited the proliferation and migra-
tion, and promoted the apoptosis of MCF-7 cells. Collectively,
these findings demonstrated that miR-125a-5p is a candidate
target for breast cancer therapy.

The MEK1/2/ERK1/2 pathway is extensively involved in
the proliferation and the migration-associated protein expres-
sion of tumor cells (22), and serves an important role in tumor
development and progression. A study by Hsieh et al (19) indi-
cated that human aldo-keto reductase family 1 member B10
promotes the invasion and migration of MCF-7 cells by acti-
vating the MEK1/2/ERK1/2 pathway. Another study reported
that the activation of ERK1/2/p38 MAPK signaling is involved
in the regulation of invasion and metastasis of MDA-MB-231
breast cancer cells (23). These studies suggest that abnormal
activation of the MEK1/2/ERK1/2 pathway may be an impor-
tant mechanism underlying the development of breast cancer.
In this study, MEK1/2 /ERK1/2 signaling was inhibited in
MCEF-7 breast cancer cells with high miR-125a-5p expression. In
contrast, we observed that knockdown of miR-125a-5p expres-
sion led to activation of MEK1/2 /ERK1/2 signaling. PTEN,
located on human chromosome 10, is a tumor suppressor gene
that inhibits the growth and migration of various tumors by
negatively regulating the PI3K/Akt/mTOR pathway (24,25).
A recent study revealed that PTEN also inhibits the migration
of type 2 endometrial cancer cells by negatively regulating
the MEK1/2/ERK1/2 pathway (26). In this study, high levels
of miR-125a-5p expression promoted PTEN expression in
MCF-7 cells, while knockdown of miR-125a-5p expression
significantly reduced PTEN expression in MCF-7 cells. This
suggested that miR-125a-5p inhibited the protein expression
of the MEK1/2/ERK1/2 pathway proteins by upregulating the
expression of PTEN, playing a tumor suppressive role.

Caspase-3 is an important pro-apoptotic factor that plays
an important role in the process of apoptosis. Bcl-2 is an
important anti-apoptotic gene that serves a key role in the
regulation of early apoptosis in cells (13). One recent study
has shown that cyanidin-3-glucoside inhibits MDA-MB-231
breast cancer cells by promoting caspase-3 expression and
downregulating Bcl-2 expression (27). In this study, we found
that high miR-125a-5p expression promoted the apoptosis of
MCF-7 cells, while knockdown of miR-125a-5p expression
significantly lowered the rate of apoptosis among MCF-7 cells.
Our study into the underlying mechanism showed that high
levels of miR-125a-5p expression promoted the expression
of pro-apoptotic protein, caspase-3 and inhibited the expres-
sion of anti-apoptotic protein Bcl-2. These results indicated
that miR-125a-5p might be involved in regulating apoptosis
in MCF-7 breast cancer cells by regulating the caspase/Bcl-2
pathway.

In summary, the present study demonstrated a potential
role of miR-125a-5p in the pathogenesis of breast cancer via
control of cancer cell proliferation, apoptosis and migration.
In addition, our data indicated that miR-125a-5p exerted
these functions in breast cancer cells by upregulating PTEN
expression and inhibiting the activity of the MEK1/2/ERK1/2
pathway. However, further in-depth and in vivo investiga-
tions into the role, and the precise mechanisms underlying
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miR-125a-5p regulation in breast cancer should be conducted
in the future.
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