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Abstract. The present study aimed to investigate the role 
of microRNA (miR)‑449a in the proliferation, migration 
and apoptosis of MDA‑MB‑468 breast cancer cells and 
examine the association between miR‑449a and mutant p53 
in these cells. Cell proliferation, migration and invasion 
were examined using a crystal violet staining assay, wound 
healing scratch assay and Transwell assay, respectively. The 
expression level of miR‑449a and p53 was detected by reverse 
transcription‑quantitative PCR or western blotting. The results 
indicated that knockdown of mutant p53 suppressed the prolif‑
eration and migration of MDA‑MB‑468 cells by inhibiting the 
PI3K/AKT/mTOR signaling pathway. In addition, miR‑449a 
suppressed proliferation and migration via downregulation 
of mutant p53 expression in MDA‑MB‑468 cells. Therefore, 
miR‑449a may function as a tumor suppressor by regulating 
p53 expression in breast cancer cells, which may have potential 
implications in the treatment of patients with triple‑negative 
breast cancer carrying mutant p53.

Introduction

Breast cancer is the most common cancer and the leading cause 
of cancer‑associated mortality among females worldwide (1,2). 
Triple‑negative breast cancer (TNBC) is characterized by 
a lack of expression of estrogen receptor (ER), progesterone 
receptor (PR) and human epidermal growth factor receptor 2 
(HER2). Owing to the early metastasis and a lack of available 
therapeutic targets, patients suffering from TNBC have 

been reported to exhibit a poor prognosis and low survival 
rate compared with most of other types breast cancer (3,4), 
indicating a requirement to identify novel biomarkers for 
the early diagnosis of TNBC, as well as potential molecular 
targets and novel treatment strategies (5).

In TNBC, p53 is the most frequently mutated gene, the 
mutation rate is as high as 80% (6). Mutant p53 lacks the wild‑type 
tumor‑suppressor activity of p53 and acts as an oncogene 
via gain‑of‑function activities, including induction of cell 
proliferation, invasion, migration and inhibition of cell apoptosis, 
which promote increased aggressiveness in cancer cells (7‑9).

MicroRNAs (miRNAs/miRs) are a class of small 
non‑coding RNAs with 22 nucleotides, which regulate gene 
expression by interacting with a number of proteins to form an 
RNA‑induced silencing complex, which subsequently targets 
and binds to the 3'‑untranslated region of target mRNAs to 
mediate mRNA degradation or translational repression (10). 
Previous studies have reported the dysregulation of miRNAs in 
various cancer cells and demonstrated that this dysregulation 
may be associated with tumorigenesis, cancer progression, 
migration and invasion (11‑14).

A previous study revealed that miR‑449a was downregulated 
in breast cancer tissues, especially in TNBC tissues from patients 
carrying mutant p53 (15). miR‑449a has been indicated to reduce 
the growth of cancer cells via targeting and inhibiting the expres‑
sion of histone deacetylase 1, which is involved in maintaining 
the expression of mutant p53 (16‑18). Furthermore, miR‑449a 
has been reported to act as a tumor suppressor in colorectal 
cancer, hepatocellular carcinoma, non‑small cell lung cancer and 
gastric adenocarcinoma (19‑22). However, the role of miR‑449a 
in breast cancer and its associated mechanisms, especially in 
TNBC harboring mutant p53, are yet to be elucidated.

In the present study, the role of miR‑449a in the prolif‑
eration, migration and apoptosis of MDA‑MB‑468 breast 
cancer cells was investigated. The cellular signaling pathway 
of p53 and the association of miR‑449a with mutant p53 in 
MDA‑MB‑468 cells were also examined.

Materials and methods

Cell culture, transfection and infection. 293T cells were 
purchased from ATCC, human normal mammary epithelial 
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cells MCF‑10A and TNBC cell lines with p53 mutation 
[MDA‑MB‑468 (R273H) and MDA‑MB‑231 (R280K)] were 
obtained from the Department of Laboratory Medicine, 
Chongqing Medical University (Chongqing, China). All 
the cells were cultured in DMEM (Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 10% FBS (Gibco; Thermo 
Fisher Scientific, Inc.), at 37˚C with 5% CO2. The retroviral 
pSuper‑Retro‑puro‑short hairpin (sh)‑hp53 vector donated 
by the Hormel Institute of the University of Minnesota was 
used to knock‑down p53 expression. 2x106 293T cells were 
seeded into 6 cm dish, pSuper‑Retro‑puro‑sh‑hp53 (3 µg) 
or pSuper‑Retro‑puro‑ sh‑vector (3 µg) was co‑transfected 
with the packaging plasmid pAmpho (1.5 µg) into 293T cells 
using Lipofectamine® 2000 reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.), the retroviruses were harvested from 
medium supernatant at 48 and 72 h. The MDA‑MB‑468 cells 
infected by retroviral supernatant (6x108 MOI/ml) for 72 h, 
then treated by 1.5 µg/ml puromycin for 2 weeks to obtain 
stably transfected cells. MDA‑MB‑468 cells were transfected 
with miR‑449a‑mimic or miR‑449a‑NC (100 nM; designed 
and synthesized by Guangzhou RiboBio Co., Ltd.) for 8 h 
using Lipofectamine® 2000 reagent, and all the subsequent 
experimentations were completed within 96 h.

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). Total RNA was extracted from MDA‑MB‑468, 
MDA‑MB‑231 and MCF‑10A cells using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to 
the manufacturer's protocol. RNA (1.8 µg) and M‑MLV reverse 
transcriptase (Promega Corporation) were used to synthesize 
first‑strand cDNA, according to the manufacturer's protocol. 
For miRNA reverse transcription, specific stem‑loop primers 
were used. qPCR was carried out using FastStart Essential DNA 
Green Master kit (Roche Diagnostics) by the manufacturer's 
protocol. The thermocycling conditions for qPCR were as 
follows: 10 min at 95˚C, and then 40 cycles of 30 sec at 95˚C, 
30 sec at 60˚C (62˚C for p53 and miR‑449a) and the 2‑ΔΔCq (23) 
method was used to calculate the relative expression level of 
miR‑449a, p53, E‑cadherin, Vimentin, Twist and Snail. GAPDH 
and U6 were used as control genes for mRNA and miR‑449a 
expression detection, respectively. The primers (Table I) used 
for PCR were synthesized by Sangon Biotech Co., Ltd.

Western blot assay. MDA‑MB‑468, MAD‑MB‑231 and 
MCF‑10A cells were lysed with NP‑40 lysis buffer (Beyotime 
Institute of Biotechnology) to extract total proteins, and a 
BCA kit (Thermo Fisher Scientific, Inc.) was used to deter‑
mine the protein concentration. A total of 40 µg protein was 
separated by 10% SDS‑PAGE (8% for mTOR and p‑mTOR) 
and transferred to a PVDF membrane (Bio‑Rad Laboratories 
Inc.). The membrane was blocked with 5% non‑fat milk for 
1 h at room temperature. The primary antibodies were diluted 
to 1:1,000 and incubated with the PVDF membrane overnight 
at 4˚C. The secondary antibody was diluted to 1:3,000 and 
incubated PVDF membrane for 1 h at room temperature. 
The primary antibodies specific to p53 (cat. no. 2527), AKT1 
(cat. no. 2938), phosphorylated (p)‑AKT (cat. no. 4060), 
m‑TOR (cat. no. 2983), p‑mTOR (cat. no. 2971), Bcl‑2 
(cat. no. 4223), caspase‑3 (cat. no. 14220), cleaved caspase‑3 
(cat. no. 9661) and GAPDH (cat. no. 2118) and the secondary 

antibody Anti‑rabbit IgG (cat. no. 7074) were purchased from 
Cell Signaling Technology, Inc. The proteins were visualized 
using an ECL reagent kit (EMD Millipore) using Vilber fusion 
FX7 spectra chemiluminescence apparatus (Vilber Lourmat).

Cell migration assays. Transwell migration and wound 
healing assays were carried out to assess the cell migratory 
ability. For the Transwell migration assay, Transwell chambers 
(pore size, 6.5 mm) were put into 24‑well plates, a total of 
1x105 MDA‑MB‑468 cells resuspended in 200 µl serum‑free 
DMEM were placed into the upper Transwell chamber 
(Corning, Inc.), and 600 µl DMEM with 10% FBS was added 
into the lower chamber. After 24 h, the cells in the upper 
chamber were removed using a cotton swab, and the cells on 
the surface of the lower chamber membrane were fixed by 4% 
paraformaldehyde for 15 min and stained with 0.1% crystal 
violet for 20 min at room temperature. Image acquiring and 
cells counting were performed with BX51 light microscope 
(Olympus Corporation) at magnification of x200 in eight 
randomly selected fields.

For the wound healing assay, 1.8x106 MDA‑MB‑468 cells 
resuspended in DMEM with 3% FBS were seeded into 6‑well 
plates. The scratches were created using a 200 µl pipette tip 
when cells reached 90% confluency. Then the medium was 
removed from plate and the plate was washed using PBS to 
remove non‑attached cells, the attached cells were cultured in 
serum‑free DMEM. The width of the scratch was observed 
and images were captured after 48 h using a BX51 light 
microscope at magnification of x100.

Cell proliferation assay. A growth curve was used to assess 
cell proliferation. 1x105 MDA‑MB‑468 cells were seeded 
into 6‑well plates in DMEM supplemented with 10% FBS. 
Cell proliferation was evaluated every 24 h for 96 h. The 
cells were fixed using 4% paraformaldehyde for 15 min, then 
stained using 0.1% crystal violet for 20 min, before crystal 
violet‑stained cells were decolorized using 10% acetic acid 
for 10 min. The OD values of the de‑staining solution was 
detected at 590 nm to generate a growth curve.

Statistical analysis. All data are presented as the mean ± SD 
from at least three independent experiments with similar 
results. Significant differences were analyzed by Student's 
t‑test (independent two‑sample t‑test) or one‑way ANOVA 
(followed by Fisher's Least Significant Difference post hoc 
test) using SPSS v22.0 software (IBM Corp.). P<0.05 was 
considered to indicate a statistically significant difference.

Results

miR‑449a expression level is decreased in MDA‑MB‑468 cells 
overexpressing mutant p53. The expression levels of miR‑449a 
and p53 were detected via RT‑qPCR. Mutant p53 protein level 
was determined via western blotting. The results revealed that 
the expression level of mutant p53 was significantly higher in 
MDA‑MB‑468 and MDA‑MB‑231 cells compared with that in 
MCF‑10A cells (Fig. 1A and B); However, miR‑449a expres‑
sion level was lower in MDA‑MB‑468 cells compared with 
that in MCF‑10A cells, but significant higher in MDA‑MB‑231 
cells (Fig. 1C).
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Overexpression of miR‑449a suppresses the proliferation 
and migration of MDA‑MB‑468 cells. miR‑449a was 
indicated to be expressed at a low level in MDA‑MB‑468 
cells, as aforementioned. To examine the physiological 
effects of miR‑449a, miR‑449a mimic was transfected into 
MDA‑MB‑468 cells, and overexpression of miR‑449a was 
validated by RT‑qPCR (Fig. 2A). As presented in Fig. 2B and C, 
overexpression of miR‑449a suppressed MDA‑MB‑468 cell 
proliferation compared with the miR‑NC group. Furthermore, 
the migratory capacity of MDA‑MB‑468 cells was inhibited 
by miR‑449a overexpression, as indicated by the results of the 
Transwell migration (Fig. 2D and E) and wound healing assays 
(Fig. 2F).

miR‑449a reduces the expression of mutant p53 and inhibits 
the PI3K/AKT/mTOR signaling pathway and epithelial‑mesen‑
chymal transition (EMT) in MDA‑MB‑468 cells. To further 
explore the molecular mechanisms of miR‑449a‑mediated 
biological activities, miR‑449a mimic was transfected into 
MDA‑MB‑468 cells. As illustrated in Fig. 3A, overexpression 
of miR‑449a reduced the p53 protein level in MDA‑MB‑468 
cells, and the level of the PI3K/AKT/mTOR pathway targets 
p‑AKT and p‑mTOR was markedly reduced compared with 
the miR‑NC group. Moreover, the expression level of Bcl‑2 
and caspase‑3 was decreased by miR‑449a overexpression, 
although cleaved caspase‑3 expression was not detected 
(Fig. 3B).

Furthermore, the expression of EMT‑related genes was 
examined by RT‑qPCR after miR‑449a overexpression, and 
the results indicated that the expression level of vimentin, Twist 
and Snail was significantly reduced, while that of E‑cadherin 

was slightly increased compared with miR‑NC‑transfected 
cells (Fig. 3C).

Knockdown of mutant p53 suppresses the proliferation 
and migration of MDA‑MB‑468 cells. The p53 mRNA 
and protein were knockdown in MDA‑MB‑468 cells by 
retroviral pSuper‑Retro‑puro‑ short hairpin (sh)‑hp53 vector 
(Fig. 4A and B). It was revealed that the proliferation of p53 
knocked‑down MDA‑MB‑468 cells was notably inhibited 
compared with vector‑transduced cells (Fig. 4C and D), and 
the migratory capacity exhibited the same trend (Fig. 4E‑G).

Mutant p53 regulates proliferation and migration via 
the PI3K/AKT/mTOR signaling pathway and EMT in 
MDA‑MB‑468 cells. The PI3K/AKT/mTOR pathway has 
been indicated to regulate the survival, proliferation, inva‑
sion and migration of cancer cells (24). In p53 knocked‑down 
MDA‑MB‑468 cells the protein level of several members of 
this pathway was detected, and it was observed that the expres‑
sion level of p‑AKT and p‑mTOR was remarkably decreased 
(Fig. 5A), which indicated that the PI3K/AKT/mTOR pathway 
was inhibited. In addition, apoptosis was examined in 
p53‑depleted cells, and the results indicated that Bcl‑2 expres‑
sion level was decreased, while cleaved caspase‑3 expression 
level was increased compared with vector‑transduced cells 
(Fig. 5B), suggesting that the apoptotic pathway was activated.

In the present study, the expression levels of E‑cadherin, 
vimentin, Twist and Snail were evaluated by RT‑qPCR. The 
results demonstrated that in p53 knocked‑down MDA‑MB‑468 
cells, the expression level of E‑cadherin was increased, 
while the expression levels of vimentin, Twist and Snail 

Table I. Primer sequences used in RT‑PCR and RT‑qPCR.

Reaction type Gene Forward/Reverse primer Sequence (5'‑3') Product size (bp)

RT‑PCR miR‑449a ‑ 5'‑GTCGTATCCAGTGCAGGGTCCGAG ‑
   GTATTCGCACTGGATACGACACCAGC‑3' 
 U6 ‑ 5'‑AACGCTTCACGAATTTGCGT‑3' ‑
RT‑qPCR miR‑449a Forward 5'‑TGCGGTGGCAGTGTATTGTTAGC‑3' 64
  Reverse 5'‑CCAGTGCAGGGTCCGAGGTA‑3' 
 U6 Forward 5'‑CTCGCTTCGGCAGCACA‑3' 94
  Reverse 5'‑AACGCTTCACGAATTTGCGT‑3' 
 E‑cadherin Forward 5'‑AATCCCACCACGTACAAGGG‑3' 93
  Reverse 5'‑GGTATTGGGGGCATCATCAT‑3' 
 Vimentin Forward 5'‑TCCAGCAGCTTCCTGTAGGT‑3' 241
  Reverse 5'‑CCCTCACCTGTGAAGTGGAT‑3' 
 Twist Forward 5'‑GACAGTGATTCCCAGACGG‑3' 190
  Reverse 5'‑GTCCATAGTGATGCCTTTCCT‑3' 
 Snail Forward 5'‑TTTACCTTCCAGCAGCCCTA‑3' 108
  Reverse 5'‑GACAGAGTCCCAGATGAGCA‑3' 
 p53 Forward 5'‑CCAGGGCAGCTACGGTTTC‑3' 205
  Reverse 5'‑CTCCGTCATGTGCTGTGACTG‑3' 
 GAPDH Forward 5'‑ACAACTTTGGTATCGTGGAAGG‑3' 101
  Reverse 5'‑GCCATCACGCCACAGTTTC‑3' 

RT, reverse transcription; RT‑qPCR, RT‑quantitative PCR; miR, microRNA.
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were markedly reduced (Fig. 5C), indicating that EMT was 
inhibited upon knockdown of mutant p53. On the other hand, 
miR‑449a level was detected in p53 knocked‑down cells, while 
no significant difference was observed in the miR‑449a level 
compared with vector‑transduced cells (Fig. 5D). These data 
collectively suggested that the repressive effects of miR‑449a 
on cell proliferation and migration may be partly facilitated by 
a decrease in mutant p53 in MDA‑MB‑468 cells.

Discussion

p53 is the most extensively studied tumor suppressor gene, 
and mutant p53 proteins not only lose their tumor suppressive 
abilities, but also gain additional oncogenic functions that 
provide cells with growth and survival advantages (25). 

Previous studies have demonstrated that restoration of 
wild‑type p53 of colorectal cancer or removing the mutant p53 

Figure 1. Expression of p53 and miR‑449a in breast cancer cells and normal breast epithelial cells. (A) mRNA expression level of p53, (C) protein level of p53 
and (B) miR‑449a expression level in breast cancer cells and normal breast epithelial cells. Data are presented as the mean ± SD. *P<0.05 vs. MCF‑10A. miR, 
microRNA..

Figure 2. Overexpression of miR‑449a suppresses the proliferation and migration of MDA‑MB‑468 cells. (A) miR‑449a level was detected by reverse tran‑
scription‑quantitative PCR. (B and C) Cell proliferation was assessed by growth curve analysis and representative images were captured at the indicated time 
points. Cell migration was assessed by (D and E) Transwell assay and (F) wound healing assay. Data are presented as the mean ± SD. *P<0.05 vs. miR‑NC. 
miR, microRNA; NC, negative control.
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from a mutant p53 oncogene addiction mice model were help 
for cancer therapy (26,27).

In the current study, it was indicated that the reduction of 
mutant p53 expression level effectively suppressed the prolif‑
eration and migration of MDA‑MB‑468 cells. Subsequent 
analysis revealed that the PI3K/AKT/mTOR signaling pathway 
was notably downregulated by the knockdown of mutant 
p53. The PI3K/AKT/mTOR signaling pathway is involved 
in cell proliferation, survival, apoptosis and migration (24). 
Therefore, it can be concluded that mutant p53 regulates the 
PI3K/AKT/mTOR signaling pathway in MDA‑MB‑468 cells 
and decreasing mutant p53 expression level may suppress cell 
proliferation and migration by inhibiting the PI3K/AKT/mTOR 
signaling pathway.

EMT represents a process that results in a complete loss 
of epithelial traits in epithelial cells accompanied by the 
acquisition of mesenchymal traits. More specifically, epithelial 
cell layers lose their polarity and the cell‑cell contacts while 
undergoing important cytoskeletal remodeling (28). A hallmark 
of the EMT process is the acquisition of the ability to migrate 
and invade the extracellular matrix as single cells (29). EMT 
involves the loss of E‑cadherin expression and the acquisition 
of the expression of the mesenchymal marker vimentin (30). 
EMT enhances the mobility of cancer cells and drives cancer 
metastasis (31). A number of studies have demonstrated that 
mutant p53 can promote EMT (32‑34), and in the current study 
it was revealed that EMT was suppressed by the knockdown 
of mutant p53, suggesting that downregulation of mutant 

p53 expression may inhibit the migration of cancer cells by 
suppressing EMT.

The protein expression levels of Bcl‑2, caspase‑3 and 
cleaved caspase‑3, which are indicative of apoptosis, were also 
detected. Bcl‑2 belongs to the Bcl‑2 family members that exert 
both pro‑ and anti‑apoptotic function, and the reduced expres‑
sion level of Bcl‑2 can induce apoptosis in cancer cells (35). 
Cleaved caspase‑3 is produced by the activation of caspase‑3 
and induces cell apoptosis (36). In the present study, knock‑
down of mutant p53 decreased the expression level of Bcl‑2, 
while that of cleaved caspase‑3 was increased, suggesting that 
the apoptotic pathway was activated.

In previous studies, miR‑449a has been reported to act 
as a tumor suppressor to inhibit cell migration, metastasis 
and proliferation and induce cell senescence in NSCLC and 
prostatic cancer (37‑39). However, the function of miR‑449a 
in breast cancer is still controversial (15,40), and the inter‑
action between miR‑449a and mutant p53 remains elusive. 
In the current study, it was demonstrated that overexpres‑
sion of miR‑449a suppressed proliferation and migration 
of MDA‑MB‑468 cells, resulting in a similar effect to the 
knockdown of mutant p53. Subsequent analysis revealed 
that the expression of mutant p53 was markedly decreased 
in MDA‑MB‑468 cells transfected with miR‑449a mimic. 
Additionally, the PI3K/AKT/mTOR pathway and EMT were 
suppressed following miR‑449a overexpression, suggesting 
that miR‑449a may function as a tumor suppressor to 
inhibit proliferation and migration of breast cancer cells 

Figure 3. miR‑449a reduces the expression of mutant p53 and inhibits the PI3K/AKT/mTOR signaling pathway and EMT in MDA‑MB‑468 cells. 
(A) Expression level of PI3K/AKT/mTOR signaling pathway proteins, (B) protein expression level of Bcl‑2 and caspase‑3 and (C) mRNA expression level of 
EMT‑associated genes in MDA‑MB‑468 cells transfected with miR‑449a mimic or miR‑NC. *P<0.05 vs. miR‑NC. miR, microRNA; NC, negative control; 
EMT, epithelial‑mesenchymal transition; p‑, phosphorylated.
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via downregulation of mutant p53. In addition, Bcl‑2 
expression level was reduced following overexpression of 
miR‑449a, which is consistent with Bcl‑2 being previously 
reported as a target of miR‑449a (20). Knockdown of p53 
also decreased Bcl‑2 expression level, indicating that Bcl‑2 

expression was regulated by both miR‑449a and mutant 
p53. However, the expression level of cleaved‑caspase‑3 
was not detected in miR‑449a‑overexpressing cells. Taken 
together, the aforementioned results suggested that mutant 
p53 participates in the mechanism of miR‑449a function, 

Figure 4. Knockdown of mutant p53 suppresses the proliferative and migratory abilities of MDA‑MB‑468 cells. (A) p53 expression level was detected by 
reverse transcription‑quantitative PCR after knockdown of mutant p53. (B) p53 protein expression level was detected by western blotting. (C and D) Cell 
proliferation was assessed by growth curve analysis and representative images were captured at the indicated time points. Cell migration was assessed by 
(E and F) Transwell assay and (G) wound healing assay. Data are presented as the mean ± SD. *P<0.05 vs. vector. sh, short hairpin; p‑, phosphorylated.

Figure 5. Mutant p53 regulates proliferation and migration via the PI3K/AKT/mTOR signaling pathway and EMT in MDA‑MB‑468 breast cancer cells. 
(A) Expression level of PI3K/AKT/mTOR signaling pathway proteins, (B) protein expression level of Bcl‑2, caspase‑3 and cleaved caspase‑3, (C) mRNA 
expression level of EMT‑associated genes and (D) expression level of miR‑449a in p53 knocked‑down MDA‑MB‑468 cells. Data are presented as the 
mean ± SD; *P<0.05 vs. vector. sh, short hairpin; EMT, epithelial‑mesenchymal transition; miR, microRNA; p‑, phosphorylated.
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affecting the proliferation and migration of MDA‑MB‑468 
cells.

To verify the results associated with miR‑449a in 
MDA‑MB‑468 cells, MDA‑MB‑231 cells overexpressing 
miR‑449a and mutant p53 (R280K) were used. However, the 
results obtained were not in agreement with those observed 
in MDA‑MB‑468 cells. This controversial outcome may be 
associated with the type of mutant p53 in each cell line.

The present study demonstrated that miR‑449a functions 
as a tumor suppressor to inhibit proliferation and migration 
and induce apoptosis by downregulating the expression of 
mutant p53 in MDA‑MB‑468 breast cancer cells. These results 
indicated that miR‑449a is a key component that targets the 
p53 pathway, highlighting that inhibiting mutant p53 expres‑
sion via miR‑449a may be a potential therapeutic strategy 
for TNBC. However, additional experiments are required in 
future studies. The protein expression of EMT‑associated 
genes should be investigated, the effect of miR‑449a on cell 
apoptosis should be detected via flow cytometry and the level 
of additional apoptosis‑related proteins [cytochrome c, Bad, 
and poly (ADP‑ribose) polymerase] should be examined by 
western blotting.
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