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Abstract. Transforming growth factor β1 (TGF‑β1) has been 
associated with poor outcomes in patients with breast cancer. 
However, the functions and underlying molecular mechanisms 
of TGF‑β1 in breast cancer remain unknown. Therefore, the 
present study aimed to identify the effects of components of the 
TGF‑β/microRNA (miR‑)21/phosphatase and tensin homolog 
(PTEN) signaling axis in breast cancer. TGF‑β1 was identi-
fied to upregulate the expression of miR‑21, and miR‑21 was 
demonstrated to be significantly upregulated in breast cancer 
tissues compared with benign proliferative breast disease. In 
addition, the expression of miR‑21 was significantly associated 
with increased TGF‑β1 and clinical characteristics in patients, 
including tumor grade and lymph node metastasis (all P<0.05). 
Furthermore, in the breast cancer MCF‑7 cell line, TGF‑β1 
was revealed to induce the expression of miR‑21 in a dose‑ 
and time‑dependent manner. The results of the present study 
additionally demonstrated that increased miR‑21, in response 
to TGF‑β1 signaling, was associated with tumor invasion and 
chemoresistance in vitro. In addition, suppression of PTEN 
was mediated by TGF‑β1‑induced expression of miR‑21 in 
breast cancer cells and using a miR‑21 inhibitor revitalized the 
expression of PTEN. The results of the present study explored 
the functions of TGF‑β1‑stimulated expression of miR‑21 
to suppress the PTEN axis, which promotes breast cancer 
progression and chemoresistance.

Introduction

Breast cancer is the most common cancer among women in the 
world (1). In recent years, advanced developments in treatment 
options have been proposed for patients with breast cancer, 
including neoadjuvant chemotherapy, hormone therapy and 
targeted therapy (2). However, a number of patients exhibited 
poor survival due to chemoresistance and metastasis  (3). 
Transforming growth factor β1 (TGF‑β1) is a well‑known 
factor in regulating breast epithelial cell development, differ-
entiation and carcinogenesis, and tumor progression  (4). 
TGF‑β1 was initially identified as a regulator of breast cancer 
over two decades ago  (5). Previous studies have demon-
strated that TGF‑β1 facilitates breast carcinoma metastasis 
by promoting epithelial‑mesenchymal transition (EMT) in 
tumor cells (6,7). Additionally, TGF‑β1 was previously associ-
ated with chemoresistance, and increased TGF‑β1 levels led 
to poor clinical outcomes in a number of types of cancer, 
including breast cancer (8,9). Multiple pathways are involved 
in TGF‑β1 signaling (10); however, the downstream molecular 
pathways for TGF‑β1‑mediated breast cancer metastasis and 
chemoresistance remain unknown.

MicroRNA (miR) are short (between 21 and 25 nucleo-
tides) non‑coding RNAs involved in regulating various cell 
activities. miR‑21 is overexpressed in a number of types of 
cancer including breast cancer (11), glioblastoma (12) and lung 
cancer (13). Furthermore, numerous studies (11‑13) suggest 
that miR‑21 promotes tumor growth, migration and inva-
sion by interacting with tumor suppressor genes, including 
PTEN  (14); therefore, miR‑21 is considered an important 
oncogenic miRNA. A previous study revealed that expression 
of miR‑21 was induced by an increased level of TGF‑β during 
smooth muscle cell development (15). Furthermore, Yu et al (8) 
demonstrated that TGF‑β1 induced miR‑21, which targeted the 
DNA damage sensors ATM serine/threonine kinase and mutS 
homolog 2 to regulate cancer responses to genotoxic chemo-
therapy (8). Therefore, the function of TGF‑β1 in simulating 
miR‑21 to promote metastasis and chemoresistance requires 
additional research.

In the present study, the associations between miR‑21 
and breast cancer characteristics, and between TGF‑β1 and 
miR‑21 were investigated in breast cancer cells and tissue. 
Furthermore, the results of the present study demonstrated 
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that miR‑21 regulates cell invasion and chemoresistance 
induced by TGF‑β1 in breast cancer cells by targeting the 
tumor suppressor gene PTEN. The present study indicates that 
miR‑21 may be a regulator of tumor metastasis and chemore-
sistance, induced by TGF‑β1 in breast cancer, and a promising 
target for cancer therapy.

Materials and methods

Breast cancer samples. A total of 37 breast cancer tissue 
and 11 benign proliferative breast disease (BPBD) speci-
mens were selected from the First Affiliated Hospital of 
Jinan University (Guangzhou, China) between October 2009 
and March 2011. All patients were female. The patient age 
ranged between 37 to 68  years and the median age was 
47 years. Samples obtained from surgery were fixed with 
4% formalin for 24 h at room temperature and then were 
embedded in paraffin. Sections (4‑µm) were prepared 
from each formalin‑fixed, paraffin‑embedded specimen. 
According to the World Health Organization histological 
classification (16), 29 patients were diagnosed with invasive 
ductal carcinoma, 2 were diagnosed with invasive lobular 
carcinoma (ILC) and 4 exhibited mixed type carcinoma. In 
addition, 1 patient was diagnosed as medullary carcinoma 
(MC) and 1 patient was considered a neuroendocrine tumor. 
The 11 BPBD specimens included 6 breast adenosis and 
5 breast fibroadenomas. All protocols in the present study 
were approved by the Ethics Committee of the Jinan School 
of Medicine (Guangzhou, China), and written informed 
consent was obtained from all patients.

Cell culture. In the present study, the human breast cancer 
MCF‑7 cell line was maintained in Dulbecco's modified 
Eagle's medium (DMEM) with 10% fetal bovine serum at 
37˚C in a humidified incubator containing 5% CO2. Human 
recombinant TGF‑β1 (PeproTech, Inc., Rocky Hill, NJ, USA) 
was dissolved in DMEM for the in vitro experiments.

Cell transfection. A total of 50  nM miR‑21 inhibitors 
(anti‑miR‑21 sequence: 5'‑TCA​ACA​TCA​GTC​TGA​TAA​
GCTA‑3') and the scramble miRNA control (anti‑miR‑NC 
sequence: 5'‑CAG​UAC​UUU​UGU​GUA​GUA​CAA‑3') 
(Guangzhou RiboBio Co., Ltd., Guangzhou, China) were tran-
siently transfected into MCF‑7 cells using the Lipofectamine 
2000 Reagent (Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) according to the manufacturer's 
protocol.

MTT assay. Cell proliferation was determined using an MTT 
assay, as previously described  (16). A total of 1x104  cells 
were plated onto 96‑well plates and transfected for 24 h, as 
aforementioned. At 6, 12, 24, 48 and 72 h after this, DMEM 
was removed and replaced with DMEM containing 10 µl of 
sterile MTT dye (5 mg/ml). Negative control was untreated 
cells plus solubilizing buffer. After 4 h incubation at 37˚C, 
the MTT solution was removed and 100 µl dimethyl sulfoxide 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) was 
added to each well, followed by measuring the absorbance 
at 570 nm on an enzyme immunoassay analyzer (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA).

In vitro assay of chemosensitivity. MCF7 cells (1x104) were 
seeded into 96‑well plates and then transfected for 24  h, 
followed by exposure to 5  ng/ml TGF‑β1 with different 
concentrations of doxorubicin (DOX) (0, 1, 10, 50, 100, 200, 
1,000 nM (Sigma‑Aldrich; Merck KGaA) for 24 h. A Negative 
control was untreated cells plus solubilizing buffer. After 48 h 
incubation, cell viability was determined using an MTT assay, 
as aforementioned. Subsequently, the half maximal inhibitory 
concentration (IC50) values were calculated as previously 
described (17).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Small RNA was extracted from the specimen 
using RecoverAll™ Total Nucleic Acid Isolation kit (cat 
no. AM1975, Ambion; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's protocol. cDNA synthesis was performed 
using the PrimeScript RT reagent kit (Takara Biotechnology 
Co., Ltd., Dalian, China), according to the manufacturer's 
protocol. The first chain of cDNA was reverse transcribed 
from 2 µl of total RNA using a specific stem‑loop structure 
RT primer for miR‑21 (5'‑GAA​AGA​AGG​CGA​GGA​GCA​
GAT​CGA​GGA​AGA​AGA​CGG​AAG​AAT​GTG​CGT​CTC​GCC​
TTC​TTTC‑3'). The reverse transcription reaction was carried 
out at 37˚C for 60 min and at 95˚C for 5 min. Subsequently, 
PCR was performed using the first chain of cDNA as the 
template. The reaction system contained 2 µl of cDNA, 12.5 µl 
of 1x SYBR Green I Master mix, 2.5 µl of miRNA specific 
primers, and 2.5 µl of upstream universal primer. The reac-
tion conditions were as follows: Denatured at 95˚C for 15 min, 
40 cycles of 95˚C for 15 sec, 57˚C for 30 sec and 70˚C for 
30 sec. The small nuclear RNA U6 housekeeping gene was 
used for normalization. U6 RT primer: 5'‑CGC​TTC​ACG​AAT​
TTG​CGT​GTCA‑3'; U6 forward, 5'‑GCT​TCG​GCA​GCA​CAT​
ATA​CTA​AAAT‑3' and reverse, CGC​TTC​ACG​AAT​TTG​CGT​
GTCAT; miR‑21 forward, primer was 5'‑UAG​CUU​AUC​AGA​
CUG​AUG​UUGA‑3'; reverse, 5'‑CGA​GGA​AGA​AGA​CGG​
AAG​AAT‑3'. To estimate miR‑21 expression, an expression 
index (EI) was calculated as previously described (18) and the 
following equation was used: EI=1000x2(‑ΔΔCq); where ΔΔCq 
is the difference between Cq values of the target and refer-
ence miRs (ΔΔCq=CqmiR‑21‑CqU6). Cq is the predetermined 
threshold of amplification cycle number.

Immunohistochemical (IHC) staining. Sections (4 µm) of 
breast cancer specimens were stained with IHC using a 
streptavidin‑peroxidase technique (Gene Company, Ltd., 
Hong Kong, China) as previously described (19). Briefly, the 
sections were incubated in methanol/H2O2 for 30 min to inhibit 
endogenous peroxidase activity, washed with PBS for 5 min, 
and blocked with 10% normal goat serum (Thermo Fisher 
Scientific, Inc.) for 20 min at room temperature. The sections 
were subsequently incubated with antibodies against TGF‑β1 
(dilution 1:1,000, cat no. sc‑130348; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA) or PTEN (dilution 1:1,000, cat no. 9188; 
Cell Signaling Technology, Inc., Danvers, MA, USA) at room 
temperature for 1 h. Subsequently, the sections were treated 
with biotinylated secondary antibody (dilution, 1:500; cat 
no. E0466; Dako; Agilent Technologies, Inc., Santa Clara, 
CA, USA) for 1 h at room temperature and avidin‑conjugated 
peroxidase for 45 min. Subsequent to washing the sections 
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with PBS three times, peroxidase was stained with diamino-
benzidine (1 mg/ml). The sections were counterstained with 
hematoxylin for 1 min at room temperature. PBS was used 
as a negative control instead of as a primary antibody. After 
staining, the slides were photographed by light microscope 
under x200 magnification.

Western blot analysis. Proteins were determined using 
western blot analysis. Cells were washed with PBS and lysed 
in radioimmunoprecipitation assay buffer (50 mM Tris‑HCl, 
150 mM NaCl, 0.05% deoxycholate, 1% SDS and 50 mM 
TrisCl; pH, 7.5). Cell lysates were quantified for protein content 
using the BCA method. Subsequently, 20‑µg protein/lane was 
resolved on SDS‑PAGE (10% gel) and transferred onto a nitro-
cellulose membrane. Membranes were blocked in 5% bovine 
serum album in Tris‑buffered saline with Tween‑20 for 1 h 
at room temperature. Subsequently, membranes were probed 
with primary antibodies against PTEN (dilution 1:1,000, cat 
no. 9188; Cell Signaling Technology, Inc.), and GAPDH (dilu-
tion 1:5,000, cat no. 5174; Cell Signaling Technology, Inc.) at 
4˚C overnight. Subsequent to washing, the membranes were 
incubated with secondary antibodies (dilution 1:5,000, cat 
no. 14708; Cell Signaling Technology, Inc.) for 2 h at room 
temperature and visualized using the enhanced chemilumi-
nescence system (Thermo Fisher Scientific, Inc.).

Transwell assays (cell invasion assays). Transwell assays were 
performed in 6.5‑mm diameter Boyden chambers with pore 
sizes of 8.0 µm (Corning Incorporated, Corning, NY, USA). 
Following transfection with miR‑21 inhibitor or scramble 
anti‑miRNA for 24 h, cells were cultured in serum‑free DMEM 
alone or with 5 ng/ml TGF‑β1 for 24 h at 37˚C. Subsequently, 
2.5x104 cells were seeded on an 8‑µm pore size upper chamber 
Transwell filter coated with 20 µl culture medium containing 
6.7% Matrigel™, with DMEM supplemented with 10% FBS 
present in the lower chamber; cells were incubated for 24 h. 
The invaded cells were attached to the lower surface of the 
membrane and stained with crystal violet for 30 min at room 
temperature. The number of cells was counted under a light 
microscope (magnification, x100). Data were collected from at 
least three experiments performed in triplicate.

Statistical analysis. Data were expressed as the mean ± stan-
dard deviation of mean from at least three independent 
experiments and analyzed using SPSS 16.0 software (SPSS, 
Inc., Chicago, IL, USA). Statistical analysis between two 
samples was performed using a Student's unpaired two‑tailed 
t‑test. For more than two groups, one‑way analysis of variance, 
followed by Tukey's post‑hoc test, were performed. P<0.05 
was considered to indicate a statistically significant difference.

Results

TGF‑β1 induces the expression of miR‑21 in vitro. To validate 
the association between TGF‑β1 and miR‑21, the miR‑21 
expression levels in MCF‑7 cells were analyzed using the 
qPCR method. As the concentration of TGF‑β1 increased, the 
expression of miR‑21 increased (Fig. 1A). Furthermore, it was 
demonstrated that the effects of TGF‑β1 on miR‑21 expression 
was time‑dependent (Fig. 1B). This result indicated that the 

miR‑21 expression is significantly associated with the dose 
and induction time of TGF‑β1 in vitro.

miR‑21 expression is increased in breast cancer specimens and 
associated with TGF‑β1. To analyze the function of miR‑21 in 
human breast cancer, 37 specimens of primary breast cancer 
and 11 BPBD specimens were investigated using RT‑qPCR). 
As presented in Fig. 2A, the expression of miR‑21 in breast 
cancer was significantly increased, compared with BPBD. 
Subsequently, the association between miR‑21 expression and 
clinical characteristics of patients was analyzed. As presented 
in Fig. 2B and C and Table I, miR‑21 was significantly associ-
ated with tumor grade and lymph node metastasis (P<0.01); 
however, there was no association determined between 
miR‑21 expression and histological type, estrogen receptor, 
progesterone receptor, human epidermal growth factor 2 and 
epithelial‑cadherin status (Fig. 2D‑H and Table I).

To investigate the potential association between TGF‑β1 
and miR‑21 in human breast cancer, the expression of TGF‑β1 
in 37 breast cancer specimens was determined using IHC 
(Fig.  3A), and subsequently the expression of miR‑21 in 

Table  I. Association between miR‑21 expression and the 
clinical and pathological features of breast cancer.

		  Median expression
		  of miR‑21,
Variable	 n	 arbitrary units	 P‑value

Grade			   <0.01
  ≤2	 12	 1,130	
  3	 25	 2,375	
Histological type			   0.651
  Ductal	 29	 2,470	
  Othera	 8	 1,960	
Lymph node status			   0.013
  Negative	 18	 1,390	
  Positive	 19	 3,090	
ER status			   0.209
  Negative	 20	 2,085	
  Positive	 17	 2,470	
PR status			   0.319
  Negative	 15	 2,080	
  Positive	 22	 2,375	
Her2 status			   0.108
  Negative	 11	 1,780	
  Positive	 16	 2,375	
E‑cadherin status			   0.236
  Negative	 29	 2,370	
  Positive	 8	 2,170

aOf these, two cases were invasive lobular carcinoma, four cases 
were mixed type carcinoma, one case was medullary carcinoma and 
one case was neuroendocrine tumor. miR, microRNA; ER, estrogen 
receptor; PR, progesterone receptor; Her2, human epidermal growth 
factor 2; E‑cadherin, epithelial cadherin.



DAI et al:  miR-21 MEDIATES CHEMORESISTANCE AND INVASION OF BREAST CANCER6932

TGF‑β1‑positive and negative specimens were compared. The 
expression of TGF‑β1 was positive in 26 breast cancer speci-
mens and negative in 11 cases. Notably, miR‑21 expression was 
significantly increased in TGF‑β1 positive tumors, compared 
with negative tumors (Fig. 3B; P<0.05). These results suggested 
that miR‑21 may act as a downstream mediator of TGF‑β1 in 
breast cancer.

Downregulation of miR‑21 inhibits TGF‑β‑induced invasion 
in MCF‑7 cells. The results of the present study demonstrated 
that miR‑21 expression was positively associated with TGF‑β1 
levels and a previous study revealed that TGF‑β1 promoted 
cancer metastasis (20). Therefore, in the present study, the 
function of miR‑21 in TGF‑β1‑mediated breast cancer cell 

invasion was subsequently investigated. The downregulation 
of miR‑21, using anti‑miR‑21, in MCF‑7 cells significantly 
inhibited invasion induced by TGF‑β1 (Fig. 4A and B), which 
suggested that miR‑21 has an active role in TGF‑β1 induced 
metastasis.

Downregulation of miR‑21 decreases resistance of breast 
cancer cells to DOX. Previous studies have demonstrated 
that TGF‑β1 decreased the sensitivity of cancer cells to 
chemotherapeutic drugs  (8,9). In addition, miR‑21 may 
modulate the chemosensitivity of breast cancer cells to 
DOX (21). Therefore, miR‑21 may mediate DOX resistance 
in breast cancer cells, induced by TGF‑β1. MCF‑7 cells were 
transfected with anti‑miR‑21 or scramble anti‑miR‑NC, and 

Figure 1. MCF‑7 cells treated with TGF‑β1 at distinct concentrations or time‑points to determine the effect of TGF‑β1 on miR‑21. (A) Dose response. MCF‑7 
cells were treated with 0, 1.25, 2.5, 5 or 10 ng/ml TGF‑β1 for 24 h. Expression levels of miR‑21 were examined using qPCR, showing a dose‑dependent 
association between TGF‑β1 treatment and relative miR‑21 expression. Data are presented as the mean ± standard error of the mean of three independent 
assays. (B) Time course. MCF‑7 cells were treated with 10 ng/ml TGF‑β1 for 0, 6, 12, 24, 48 and 72 h. Expression levels of miR‑21 were examined using qPCR, 
showing a time‑dependent association between TGF‑β1 treatment and relative miR‑21 expression. Data are expressed as the mean ± standard error of the 
mean of three independent assays. **P<0.01 vs. control; ***P<0.001 vs. control. TGF‑β1, transforming growth factor β1; miR, microRNA; qPCR, quantitative 
polymerase chain reaction.

Figure 2. Association between miR‑21 expression and clinical and pathological features of breast cancer. Expression of miR‑21 in breast cancer tissue was 
assessed using quantitative polymerase chain reaction to determine the association between miR‑21 expression in terms of (A) benign and cancerous lesions; 
(B) grade of breast cancer lesion; (C) lymph node status; (D) histological type of lesion; (E) ER status; (F) PR status; (G) Her2 status; and (H) E‑cadherin status. 
The expression of miR‑21 in breast cancer was significantly increased, compared with BPBD, and miR‑21 expression was significantly associated with tumor 
grade and lymph node metastasis. No association was determined between miR‑21 expression and histological type, ER, PR, Her‑2 and E‑cadherin status. Data 
are presented as the mean ± standard error of the mean of three independent assays. U6 was used as an internal control. *P<0.05, **P<0.01. miR, microRNA; 
ER, estrogen receptor; PR, progesterone receptor; Her2, human epidermal growth factor 2; E‑cadherin, epithelial cadherin; BPBD, benign proliferative breast 
disease; ns, non‑significant.
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subsequently, cells were exposed to distinct concentrations of 
DOX alone or a combination with 5 ng/ml TGF‑β1 for 48 h. 
Cell viability was determined using an MTT assay. The results 
revealed that the downregulation of miR‑21 decreased resis-
tance in MCF‑7 cells to DOX induced by TGF‑β1 (Fig. 5A). 
Compared with the IC50 values of DOX in the control group 
(103.21±4.34 nM), TGF‑β1 increased the IC50 value of DOX 
in MCF‑7 cells (159.75±3.84 nM), whereas the downregula-
tion of miR‑21 decreased the IC50 value of DOX in MCF‑7 
cells (111.48±3.65 nM), compared with the anti‑miR‑NC and 
TGF‑β1 group (145.38±3.78  nM) (Fig.  5B). These results 
suggested that TGF‑β1 increased miR‑21 to increase breast 
cancer cell resistant to DOX.

miR‑21 mediates the suppression of PTEN induced by TGF‑β in 
MCF‑7 cells. Previous studies have demonstrated that TGF‑β1 
suppressed the expression of PTEN proteins to enhance tumor 
metastasis and chemotherapy resistance (22,23). Furthermore, 
PTEN was a direct target of miR‑21 (24). Therefore, the effects 
of miR‑21 on the downregulation of PTEN induced by TGF‑β1 

were investigated in the present study. As presented in Fig. 6, 
the PTEN protein was significantly decreased (P<0.01) in the 
presence of TGF‑β1. In addition, following the downregulation 
of miR‑21, using anti‑miR‑21, in MCF‑7 cells, the repression 
of PTEN by TGF‑β1 was brought back to original levels. 
These results indicated that TGF‑β1 stimulated the expression 
of miR‑21 and suppressed the expression of PTEN in breast 
cancer MCF‑7 cells.

Discussion

In the present study, miR‑21 was identified to be upregulated 
in breast cancer cells, compared with BPBD, and its expression 
was significantly associated with elevated levels of TGF‑β1 
and clinicopathological features, including lymph node metas-
tasis and tumor grade. In addition, increased concentrations of 
TGF‑β1 stimulated the expression of miR‑21, which mediated 
breast cancer invasion and chemoresistance. Furthermore, 
the results of the present study demonstrated that TGF‑β1 
promoted the expression of miR‑21 to suppress PTEN, which 

Figure 3. miR‑21 expression is increased in breast cancer tissue and associated with TGF‑β1. (A) Representative images from immunohistochemical labeling 
for TGF‑β1 in breast cancer. The cytoplasm of tumor cells was stained (magnification, x200). TGF‑β1 protein was identified to be negative (11/37 cases) or 
positive (26/37) in breast cancer specimens. (B) Expression of miR‑21 in TGF‑β1 negative and positive breast cancer tissues was determined using quantitative 
polymerase chain reaction. Data are presented as the mean ± standard error of the mean of three independent assays. miR‑21 expression was significantly 
increased in TGF‑β1 positive tumors, compared with negative tumors. U6 was used as an internal control. *P<0.05. miR, microRNA; TGF‑β1, transforming 
growth factor β1.

Figure 4. miR‑21 effect on cell invasion of breast cancer cells induced by TGF‑β1. Cell invasion was determined in MCF‑7 cells by the Transwell chamber 
assay following transfection with anti‑miR‑21 and scramble anti‑miR‑NC alone or in combination with TGF‑β1. (A) Representative images from invasion 
assays (magnification, x100). (B) The average number of cells that invaded through the filter was counted. The downregulation of miR‑21, using anti‑miR‑21, 
in MCF‑7 cells significantly inhibited invasion induced by TGF‑β1. Data are presented as the mean ± standard error of the mean of three independent assays. 
**P<0.01. miR, microRNA; TGF‑β1, transforming growth factor β1; NC, negative control.
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facilitated breast cancer metastasis and chemoresistance. 
These results may provide novel insights into the underlying 
molecular mechanisms of TGF‑β1 and suggest a novel therapy 
target for breast cancer.

A previous study revealed that the expression of miR‑21 
was regulated by increased TGF‑β1 during the development 
of smooth muscle cells (15). A number of studies have demon-
strated that TGF‑β1 regulated miR‑21 to promote renal (25,26), 
liver (14) and cardiac fibrosis (27). The results of the present 
study identified that TGF‑β1 simulated miR‑21 in a dose‑ and 
time‑dependent manner in breast cancer cells. Furthermore, the 
expression of miR‑21 was positively associated with TGF‑β1 
in breast cancer specimens. This result supports previous 

studies in breast cancer (11,18). Davis et al (15) demonstrated 
that TGF‑β promoted the processing of primary transcripts 
of miR‑21 into precursor miR‑21 by the DROSHA complex 
in smooth muscle cells. However, the underlying molecular 
mechanism of TGF‑β1 that results in the promotion of miR‑21 
in breast cancer remains unknown.

It is well‑known that TGF‑β1 is important in breast 
cancer (28). TGF‑β1 is a tumor suppressor in the early stages 
of carcinogenesis and acts as a tumor promoter in advanced 
stages of cancer progression  (29). Previous studies have 
demonstrated that increased TGF‑β1 in breast cancer led to 
chemoresistance and was associated with poor outcomes 
in patients (8,9,30). The present study revealed that miR‑21 

Figure 5. Effect of miR‑21 on DOX chemoresistance in breast cancer cells induced by TGF‑β1. (A) Cell viability was determined using an MTT assay in MCF‑7 
cells transfected with anti‑miR‑21 or scramble anti‑miR‑NC at 48 h following exposure to 5 ng/ml TGF‑β1 in combination with different concentrations of 
DOX (0, 1, 10, 50, 100, 200 and 1,000 nM). Downregulation of miR‑21 decreased resistance in MCF‑7 cells to DOX induced by TGF‑β1. (B) MTT analyzed 
alterations in IC50 values of DOX in MCF‑7 cells, following exposure to 5 ng/ml TGF‑β1 alone or transfection with anti‑miR‑21 or scramble anti‑miR‑NC. 
Compared with the IC50 values of DOX in the control group, TGF‑β1 increased the IC50 value of DOX in MCF‑7 cells. Downregulation of miR‑21 decreased 
the IC50 value of DOX in MCF‑7 cells, compared with the anti‑miR‑NC and TGF‑β1 group. Data are presented as the mean ± standard error of the mean of 
three independent assays. **P<0.01. miR, microRNA; DOX, doxorubicin; TGF‑β1, transforming growth factor β1; NC, negative control; IC50, half maximal 
inhibitory concentration.

Figure 6. Effect of miR‑21 on the downregulation of PTEN induced by TGF‑β1. (A) PTEN protein from MCF‑7 cells was exposed with 5 ng/ml TGF‑β1 
alone or transfected with anti‑miR‑21 or scramble anti‑miR‑NC, and subsequently determined using western blot analysis and normalized to GAPDH. 
PTEN protein was significantly decreased in the presence of TGF‑β1. (B) The relative fold changes were calculated. Following the downregulation of 
miR‑21, using anti‑miR‑21, in MCF‑7 cells, the repression of PTEN by TGF‑β1 was rescued. Data are presented as the mean ± standard error of the mean 
of three independent assays. **P<0.01; ***P<0.001. miR, microRNA; PTEN, phosphatase and tensin homolog; TGF‑β1, transforming growth factor β1; NC, 
negative control.
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mediated breast cancer invasion and chemoresistance stimu-
lated by TGF‑β1. Furthermore, a previous study demonstrated 
that miR‑21 mediated TGF‑β‑dependent EMT in cancer 
cells, which promotes metastasis and chemoresistance (31). 
Therefore, miR‑21 may be a key regulatory molecule of TGF‑β 
signaling in breast cancer.

As a non‑coding RNA, miRNA controls its target 
genes to regulate a number of important physiological and 
pathological processes. The tumor suppressor PTEN is a key 
target gene of miR‑21 in breast cancer (32). Furthermore, 
the results of the present study, which were consistent with 
a previous study (33), indicated that the expression of PTEN 
is regulated by TGF‑β. Therefore, PTEN suppresses tumor 
progression by its interaction with p53 and dephosphoryla-
tion of phosphatidylinositol phosphates (34,35). Wu et al (36) 
demonstrated that miR‑21 induced gemcitabine resistance 
via the PTEN/Akt signaling pathway in breast cancer. 
Therefore, downregulation of PTEN by TGF‑β1/miR‑21 
may cause metastasis and chemoresistance in breast cancer. 
The TGF‑β/miR‑21/PTEN signaling axis was identified to 
be responsible for non‑cancer diseases (37). Dey et al (37) 
demonstrated that TGF‑β‑stimulated expression of miR‑21 
inhibits PTEN protein levels, which led to mesangial cell 
hypertrophy. The results of the present study suggested that 
TGF‑β1/miR‑21/PTEN may be an important pathway for 
breast cancer and requires additional study.

The results of the present study demonstrated that miR‑21 
was upregulated in breast cancer tissue and its expression level 
was significantly associated with increased TGF‑β1, tumor 
grade and lymph node metastasis. Upregulation of miR‑21 in 
breast cancer cells mediated the effects of TGF‑β1 for cell inva-
sion and chemoresistance by directly downregulating PTEN. 
These results suggested that TGF‑β1/miR‑21/PTEN signaling 
is involved in breast cancer and represents a potential target for 
future breast cancer therapies.
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