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Abstract. Breast cancer (BC) is the second leading cause of 
cancer‑associated deaths among women worldwide. Increasing 
evidence has indicated that microRNAs (miRNAs) have 
demonstrated great potential for improving the diagnosis and 
therapy for BC. In the present study, miRNA‑155 was detected 
in human BC tissues using reverse transcription‑quantitative 
(RT‑q)PCR. RT‑qPCR and western blot assays were used to 
analyze the levels of transforming growth factor β receptor 
type II (TGFBR2) in human BC tissues. MCF‑7 cells were 
cultured and treated with miR‑155 inhibitor and an MTT 
assay was performed to determine the role of miR‑155 on 
the proliferation of MCF‑7 cells. Subsequently, TGFBR2 
and epithelial‑mesenchymal transition (EMT)‑associated 
molecules were analyzed using RT‑qPCR and western blot 
assays. The direct binding of miR‑155 to TGFBR2 was vali‑
dated using a dual luciferase assay. Higher levels of miR‑155 
and lower levels of TGFBR2 were expressed in human BC 
tissues compared with paired normal tissues. Furthermore, the 
expression levels of miR‑155 were associated with the tumor 
size, TNM stage and metastasis status of BC. Transfection of 
MCF‑7 cells with miR‑155 inhibitors resulted in reduced cell 
proliferation and suppressed the EMT process, characterized 
by upregulated expression of the epithelial markers, E‑cadherin 
and CK18, and downregulated expression of mesenchymal 
markers, fibronectin and smooth muscle actin α. Transfection 
of a miR‑155 inhibitor also resulted in increased expression of 
TGFBR2, and miR‑155 may have regulated TGFBR2 through 
direct binding to the 3'untranslated region of TGFBR2 as 
determined using a dual‑luciferase assay. Based on the results 
of the present study, miR‑155 may serve as a novel diagnostic 
biomarker and therapeutic target for patients with BC.

Introduction

Breast cancer (BC) is the second leading cause of 
cancer‑associated deaths amongst women worldwide (1,2) 
with >450,000 BC‑associated deaths each year in the world 
according to the statistical analysis from World Cancer 
Research Fund (3). China is one of the countries with the top 
3 highest incidence of BC worldwide (4). Despite the wide use 
of curative surgery and adjuvant chemotherapy for patients 
with BC, distant metastasis and tumor recurrence remains 
a major issue for improving BC prognosis (2,5). Therefore, 
understanding the pathological mechanisms underlying BC 
development and progression and identifying the specific 
targets, may provide an effective strategy for diagnosis and 
therapy for treating patients with BC.

Metastasis accounts for 90% of all BC‑associated deaths, 
during which epithelial‑mesenchymal transition (EMT) 
is a pivotal process which allows cancer progression and 
metastasis (2,6). EMT involves a transformational change of 
epithelial cells to mesenchymal cells characterized by loss of 
adhesion, invasive and metastatic properties and acquisition 
of a cancer stem cell phenotype (2,7). Tumor cells undergoing 
EMT demonstrate gain of mesenchymal markers such as fibro‑
nectin (FN) and smooth muscle actin α (α‑SMA) (5,8,9), and a 
downregulation of epithelial markers, such as E‑cadherin and 
CK18 (9‑11).

MicroRNAs (miRNAs/miRs) are small (18‑22 nucleo‑
tides) single‑stranded non‑coding RNAs that regulate gene 
expression at the post‑transcriptional level by recognizing 
specific target mRNAs resulting in their targeted degrada‑
tion or inhibition of translation (12,13). Various miRNAs 
have been demonstrated to serve varying roles in numerous 
tumor progressing biological behaviors, including prolifera‑
tion, apoptosis, differentiation, migration, invasion, metastasis 
and angiogenesis (14‑16). miRNAs are involved in the occur‑
rence and development of cancer, functioning either as tumor 
suppressors or oncogenes (17,18). Abnormal expression of 
miRNAs has been demonstrated in a number of different 
types of cancer and is closely associated with cancer progres‑
sion (17,18). Previous studies have shown that the levels of 
miR‑155 were significantly increased in BC tissue, and this 
was positively associated with the occurrence and metastasis 
of BC, suggesting the oncogenic function of miR‑155 (19,20). 
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However, the mechanisms underlying miR‑155 function are not 
completely understood, and it is unknown whether miR‑155 
functions partially by mediating EMT.

Transforming growth factor β receptor type II (TGFBR2) 
is a crucial signaling in tumor epithelial cells. Lower levels 
of TGFBR2 expression have been detected in BC tissue and 
the reduced expression of TGFBR2 is associated with adverse 
pathological characteristics and poor prognosis of patients with 
BC (21,22). TGFBR2 acts as bona fide metastasis suppressor 
gene (23). TGFBR2 pathways regulate various processes like 
EMT, angiogenesis and immunomodulation (24). To the best 
of our knowledge, a direct interaction between miR‑155 and 
TGFBR2 has not been previously demonstrated.

The aim of the present study was to assess the expression 
levels of miR‑155 and TGFBR2 in BC tissue, determine whether 
miR‑155 directly interacted with TGFBR2, and examine the 
effects of miR‑155 on proliferation and invasion of MCF‑7 
cells. The present study may improve the understanding of the 
role of miR‑155 in the pathological mechanisms underlying 
development and progression of BC.

Materials and methods

Tissue samples. A total of 30 pairs of BC and corresponding 
normal tissue were collected from patients who underwent 
surgery in Xinganmeng People's Hospital (Inner Mongolia, 
China) from January 1st 2016 to April 30th, 2017 and all the 
specimens were confirmed using routine pathological examina‑
tions and staged according to the tumor‑node‑metastasis (TNM) 
system (25,26). The patient (female) age range was 41‑68 (median 
age=59). Radiotherapy and chemotherapy were not performed 
prior to surgery. Written informed consent was obtained from all 
the patients and the experiments were approved by The Ethics 
Committee of Xinganmeng People's Hospital (Inner Mongolia, 
China). Clinicopathological characteristics of patients collected, 
included age, sex, tumor size, pathological stage, lymph node 
metastasis, ER status, PR status and HER2 status. The charac‑
teristics and prevalence of each are listed in Table I.

Cell culture and treatment. MCF‑7 BC cells were purchased 
from The Cell Bank of Type Culture Collection of the Chinese 
Academy of Sciences and cultured in RPMI‑1640 medium 
(Invitrogen; Thermo Fisher Scientific Inc.) supplemented with 
10% FBS (Invitrogen; Thermo Fisher Scientific Inc.) and 1% 
(w/v) penicillin/streptomycin (Sigma‑Aldrich; Merck KGaA) 
at 37˚C in a 5% CO2 incubator. Cells were passaged at 80‑90% 
confluence, and the cells in the logarithmic growth phase were 
used for further experiments.

MCF‑7 cells were divided into three groups according to 
the treatment as follows: No treatment (control group), miR‑155 
mimics group, miR‑155 inhibitor (inhibitor group) and 
miR‑155 negative control (NC) group. Cells were transfected 
with miR‑155 mimics (5'‑UUA AUG CUA AUC GUG AUA GGG 
G‑3') miR‑NC mimics (5'‑CAG UAC UUU UGU GUA GUA 
CAA‑3'), miR‑155 inhibitor (5'‑CCC CUA UCA CGA UUA GCA 
UUA A‑3') or NC (5'‑CAG UAC UUU UGU GUA GUA CAA‑3') 
(Guangzhou RiboBio Co., Ltd.) using Lipofectamine™ 2000 
according to the manufacturer's protocols. The expression of 
miR‑155 in each group was detected by reverse transcription 
quantitative (RT‑q)PCR 48 h after transfection.

Cell proliferation assay. Cells in each group were seeded into a 
96‑well culture plate at a density of 1x105 cells/well and cultured 
for 12, 24 or 48 h. Cell proliferation was assessed using an MTT 
assay (Bio‑Rad Laboratories, Inc.). According to the manufac‑
turer's protocol, 10 µl MTT reagent (5 mg/ml) was added to each 
well. After incubation for 4 h at 37˚C, the medium was discarded 
and the cells were incubated with 150 µl DMSO (Bio‑Rad 
Laboratories, Inc.). The plates were shaken on a microvibrator for 
10 min and the optical density of each well was measured using 
an microplate reader (Bio‑Rad Laboratories, Inc.) at 490 nm. The 
results are expressed as a percentage of the untreated control.

RT‑qPCR. Total RNA was extracted from cells (48 h post‑trans‑
fection) or tissue using TRIzol® reagent (Thermo Fisher 
Scientific, Inc.), and subsequently transcribed into cDNA using 
PrimeScript™ RT reagent kit (Takara Bio, Inc., Otsu, Japan) 
at 42˚C for 15 min. qPCR was performed using SYBR® Premix 
Ex Taq™ kit (Takara Bio, Inc.) on an ABI 7300 Real‑Time PCR 
system (Applied Biosystems; Thermo Fisher Scientific, Inc.) with 
customized primer sets for TGFBR2, CK18, E‑cadherin, FN and 
α‑SMA. The relative expression of mRNA in each sample was 
normalized to the level of GAPDH using the 2‑ΔΔCq method (27). 
The expression of miR‑155 was examined using the Hairpin‑it™ 
miRNAs qPCR Quantitation kit (Shanghai GenePharma Co., 
Ltd.) according to manufacturer's protocol, and U6 was used as 
an internal control for normalization. Primers were synthesized 
by GenScript and the sequences are listed in Table II.

Western blotting. Cells (48 h post‑transfection) from each group 
or tissue samples were collected and lysed using RIPA lysis 
buffer (Beyotime Institute of Biotechnology), Shanghai, China) 
on ice. After centrifugation, the supernatant was obtained and the 
protein concentration was measured using a Pierce® BCA Protein 
assay kit (Thermo Fisher Scientific, Inc.). The protein extracts 
were mixed with loading buffer, and denatured in a boiling 
water bath for 10 min. Equivalent quantities 20 µg of protein 
were loaded onto a 10% SDS gel, resolved using SDS‑PAGE 
and transferred to PVDF membranes. The membranes were 
blocked with tris‑buffered saline Tween 20 (TBST) containing 
5% skimmed milk and subsequently incubated with primary 
antibodies against human TGFBR2 (cat. no. ab186838), 
CK18 (cat. no. ab133263), E‑cadherin (cat. no. ab256580), 
FN (cat. no. ab2413), α‑SMA (cat. no. ab32575; 1:200 for 
anti‑CK18 antibody, 1:100 for all other antibodies) at 4˚C over‑
night. The membranes were washed and then incubated with 
Horseradish Peroxidase (HRP)‑conjugated secondary antibodies 
(cat. no. ab6721; 1:5,000) at room temperature for 60 min. All 
the antibodies were purchased from Abcam. Target proteins 
were detected using Novex® ECL Chemiluminescent Substrate 
Reagent kit (Thermo Fisher Scientific, Inc.) using a ChemiDoc™ 
XRS+ imaging system (Bio‑Rad Laboratories, Inc.). The density 
of protein bands was analyzed using Gel‑Pro analyzer software 
4.0 (Media Cybernetics, Inc.) and the data are expressed as 
the ratio of each target protein to the internal control, GAPDH 
(cat. no. ab181602, 1:10,000; Abcam) at 4˚C overnight.

Dual luciferase activity assay. The target of miR‑155 was 
predicted by the online database Targetscan 7.2 [http://www.
targetscan.org/vert_72/ (28)]. The 3'UTR of TGFBR2 containing 
the predicted miR‑155 specific binding site was amplified by PCR 
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from genomic DNA, and inserted into the pMIR‑REPORT™ 
luciferase reporter vector (Thermo Fisher Scientific, Inc.) to 
obtain the wild‑type luciferase reporter plasmid p‑TGFBR2‑wt. 
PCR was performed using the following thermocycling condi‑
tions: 94˚C for 2 min, followed by 35 cycles of 94˚C for 2 sec, 
60˚C for 60 sec and 72˚C for 1 min. The PCR products were 
amplified using cDNA and fused to the firefly luciferase gene 
of the pGL3‑control plasmid (Promega Corporation) with the 
restriction enzyme sites of KpnI and XhoI. Two site mutations 
were introduced to WT‑TGFBR2‑3'‑UTR to construct the mutant 
(MUT) TGFBR2‑3'‑UTR using a Quick Site‑directed mutation 
kit (Agilent Technologies, Inc.). The cells were co‑transfected 
with pGL3 constructions including 200 ng pGL3‑WT‑TGFBR2 
and 200 ng pGL3‑Mut‑TGFBR2, 10 nM miR‑NC or 10 nM 
miR‑155 mimics and 26 ng pRL‑TK in 24‑well plates using 
Lipofectamine® 2000 (Invitrogen, USA). At 24 h of transfec‑
tion, luciferase activity (firefly and Renilla) was determined 
using the dual‑luciferase reporter assay system (Promega, USA).

Statistical analysis. All data were analyzed using SPSS 
version 20.0 (IBM, Corp.). Data are presented as the 

mean ± standard deviation SD. Statistical significance between 
groups was analyzed using ANOVA analysis and a Bonferroni 
post‑hoc test. A χ2 test was used to analyze the association 
between miR‑155 expression and clinicopathological char‑
acteristics. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Clinical features. As showed in Table I, overexpression of 
miR‑155 was significantly associated with larger breast tumor 
sizes, TNM stage and lymph node metastasis. However, there 

Table I. Expression of miR‑155 in patients with breast cancer.

Clinicopathological  miR‑155 miR‑155 
characteristic n High Low P‑value

Age, years    0.4642
  ≥50 16 7 9 
  <50 14 8 6 
Tumor size, cm    0.0303a

  <3 13 4 9 
  ≥3 17 12 5 
TNM stage    0.0253a

  I‑II 18 6 12 
  III‑IV 12 9 3 
Lymph node    0.0295a

metastasis
  No 11 3 8 
  Yes 19 13 6 
Estrogen receptor    0.7125
status
  Positive 15 8 7 
  Negative 15 9 6 
Progesterone    0.7851
receptor status
  Positive 17 7 10 
  Negative 13 6 7 
Human epidermal    0.6956
growth factor
receptor 2 status
  Positive 16 8 8 
  Negative 14 8 6 

aP<0.05. TNM, tumor‑node‑metastasis stage.

Figure 1. miR‑155 expression is upregulated in BC tissue samples 
and is negatively associated with TGFBR2 expression. (A) Reverse 
transcription‑quantitative PCR analysis of miR‑155 and TGFBR2 mRNA 
expression levels in human breast cancer tissue and normal controls samples. 
Results are expressed relative to the value of normal controls that were 
assigned a value of 1. The line indicates the mean expression values. **P<0.01. 
(B) Representative western blots showing the expression of TGFBR2 protein 
in human BC tissues and normal controls. GAPDH was used as the loading 
control. BC, breast cancer; TGFBR2, transforming growth factor β receptor 
type II; miR‑155, microRNA‑155.
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was no significant difference between ages, ER status, PR 
status and HER2 status between the patients with high or low 
miR‑155 expression levels.

miR‑155 expression is increased in human BC tissue and is 
negatively associated with TGFBR2 expression. The levels of 
miR‑151 and TGFBR2 were detected in all 30 pairs of human 

BC tissues and adjacent normal controls. RT‑qPCR data 
showed that the levels of miR‑151 were significantly increased 
in BC tissues compared with their paired normal tissues 
(Fig. 1A; P<0.01). Furthermore, human BC tissues exhibited a 
significant reduction in TGFBR2 expression, both at the mRNA 
and protein levels compared with the normal control tissues 
(Fig. 1A and B; P<0.01). These data are consistent with the 
previous studies, and suggested an inverse association between 
the expression levels of miR‑155 and its target TGFBR2.

Table II. Sequences of the primers.

Gene Primer sequence

microRNA‑155 
  Forward 5'‑UAAUACCGUCUUAAAACCGU‑3'
  Reverse 5'‑UUCUGGGAACGUGAAACCT‑3'
U6 
  Forward 5'‑CTCGCTTCGGCAGCACA‑3'
  Reverse 5'‑AACGCTTCACGAATTTGCGT‑3'
Transforming growth factor β receptor type II 
  Forward 5'‑TCTGGGCTCCTGATTGCT‑3'
  Reverse 5'‑TGAGGCAGCTTTGTAAGT‑3'
E‑Cadherin 
  Forward 5'‑GTGGCCCGGATGTGAGAAG‑3'
  Reverse 5'‑GGAGCCCTTGTCGGATGATG‑3'
CK18 
  Forward 5'‑AAGAAAACCCGAAGAGG‑3'
  Reverse 5'‑CTGACTCAAGGTGCAGC‑3'
Fibronectin 
  Forward 5'‑TTGTTCGGTGGAGTAGACCC‑3'
  Reverse 5'‑GTGCCAGTGGTCTCTTGTTG‑3'
Smooth muscle actin‑α 
  Forward 5'‑TTCCTTCGTGACTACTGCTGAG‑3'
  Reverse 5'‑CAATGAAAGATGGCTGGAAGAG‑3'
GAPDH 
  Forward 5'‑GCACCACCAACTGCTTAGC‑3'
  Reverse 5'‑GGCATGGACTGTGGTCATGAG‑3'

Figure 2. miR‑155 inhibitor reduces the expression of miR‑155. Expression 
of miR‑155 was significantly decreased following transfection of miR‑155 
inhibitor compared with the control and NC groups. **P<0.01 vs. the control 
group. miR‑155, microRNA‑155.

Figure 3. miR‑155 inhibitor suppresses the proliferation of MCF‑7 cells. An 
MTT assay was used to examine cell proliferation in each group (control, NC, 
miR‑155 inhibitor). Data represent the optical density measured at 490 nm, 
and are presented as the mean ± standard deviation of three separate experi‑
ments. **P<0.01 vs. the control group. miR‑155, microRNA‑155.
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miR‑155 inhibitor downregulates the expression of miR‑155. 
MCF‑7 cells were transfected with miR‑155 NC inhibitor or 
miR‑155 inhibitor. As shown in Fig. 2, the expression levels of 
miR‑155 in cells transfected with miR‑155 inhibitor was signifi‑
cantly lower compared with the control and NC group (P<0.01).

miR‑155 inhibitor suppresses proliferation of MCF‑7 cells. 
miR‑155 inhibitor or miR‑155 NC inhibitor were transfected 
into MCF‑7 cells and MTT assays were performed to assess 
the effects of miR‑155 on cell proliferation. As shown in 
Fig. 3, miR‑155 levels were lower in the miR‑155 inhibitor 
transfected cells, compared with the NC‑transfected or 

control cells. miR‑155 inhibitor resulted in a slight decrease 
in cell proliferation 12 and 24 h after transfection (P>0.05), 
and a significant reduction in proliferation after 48 h 
(P<0.01).

miR‑155 inhibitor enhances the expression of TGFBR2 
and mediates the expression of EMT‑associated molecules. 
As there was an inverse association between miR‑155 and 
TGFBR2 expression levels in human BC tissues, MCF‑7 
cells were transfected with miR‑155 inhibitor, and the expres‑
sion of TGFBR2 was shown to be increased. As shown in 
Fig. 4A and F, miR‑155 inhibitor resulted in a significant 

Figure 4. miR‑155 inhibitor enhances the expression of TGFBR2 and mediates the expression of EMT‑related molecules. Reverse transcription‑quantitative 
PCR analysis of the effect of miR‑155 inhibitor on the expression of (A) TGFBR2, (B) CK18, (C) E‑cadherin, (D) FN and (E) α‑SMA. Results are expressed 
relative to the value of the controls that were assigned a value of 1. **P<0.01 vs. the control group. (F) Representative western blots showing the expression of 
TGFBR2, CK18, E‑cadherin, FN and α‑SMA in each cell group. GAPDH was used as the loading control. miR‑155, microRNA‑155; TGFBR2, transforming 
growth factor β receptor type II; EMT, epithelial‑mesenchymal transition; FN, fibronectin; SMA‑α, smooth muscle actin α.

Figure 5. TGFBR2 is a direct target of miR‑155. (A) Reverse transcription‑quantitative PCR was performed to determine the expression levels of miR‑155 
in miR‑155 mimics transfected cells. **P<0.01 vs. the control group. (B) Sequence alignment showing the relative position of the miR‑155 binding site in the 
3'UTR of TGFBR2 and the mutated nucleotides are indicated. The sequences were used to construct luciferase reporter plasmids. (C) Each reporter construct 
(p‑TGFBR2‑wt or p‑TGFBR2‑mut) was co‑transfected with either miR‑155 mimic or NC in 293T cells and a dual luciferase assay was performed after 24 h. 
Luciferase activity was normalized to Renilla and presented as relative to NC which was arbitrarily set at 1. Data are presented as the mean ± standard devia‑
tion of three independent experiments. ##P<0.01. miR‑155, microRNA‑155; TGFBR2, transforming growth factor β receptor type II; UTR, untranslated region; 
NC negative control; NC: miR‑NC mimics.



LIU et al:  miR‑155 IN BREAST CANCER6

increase in TGFBR2 expression, both at the mRNA and 
protein expression levels (P<0.01).

Subsequently, whether miR‑155 mediated expression 
of EMT‑associated markers was assessed. As shown in 
Fig. 4B‑F, miR‑155 inhibitor resulted in alterations in the 
expression of epithelial markers, including a significant 
increase in E‑cadherin and CK18 expression levels, and 
significant decrease in the expression of the mesenchymal 
markers, FN and α‑SMA in MCF‑7 cells. These data suggest 
that miR‑155 inhibitor suppressed the metastatic properties 
of MCF‑7 cells.

TGFBR2 is a direct target of miR‑155. To confirm whether the 
observed reduction in TGFBR2 mRNA and protein levels was 
the result of direct binding between miR‑155 and the 3'UTR 
of TGFBR2, first, cells were transfected miR‑155 mimics or 
its negative control. As shown in Fig. 5A, and the expression 
of miR‑155 was significantly increased in cells transfected 
with miR‑155 mimics, suggesting successful transfection. 
Subsequently, the segment of TGFBR2 3'UTR containing the 
putative binding site for miR‑155 was cloned and inserted into 
a firefly luciferase reporter vector to obtain p‑TGFBR2‑wt or 
p‑TGFBR2‑mut (Fig. 5B). When co‑transfected in HEK‑293T 
cells, miR‑155 significantly repressed the luciferase activity 
of p‑TGFBR2‑wt, whereas luciferase expression was signifi‑
cantly higher in cells transfected with p‑TGFBR2‑mut and 
miR‑155 (Fig. 5C). These data suggest that miR‑155 binds 
directly binds to TGFBR2 3'UTR and thereby reduced mRNA 
and protein expression levels of TGFBR2.

Discussion

miRNAs exhibit notable potential for use in the diagnosis 
and treatment of BC (29,30). miR‑155 has been reported to be 
strongly associated with BC progression (16,17). Combining 
previous studies (16,17) with the results of the present study, 
it was confirmed that the levels of miR‑155 were significantly 
increased in human BC tissues compared with paired normal 
controls. These data suggest that miR‑155 may function as an 
oncogene.

To determine the roles of miR‑155 in the pathogenesis 
of BC, in vitro studies using MCF‑7 human BC cells were 
performed. Cell proliferation and metastasis are essential 
events accounting for tumor progression. The results of the 
present study data showed that transfection of a miR‑155 
inhibitor resulted in reduced proliferation and survival of 
MCF‑7 cells. miR‑155 has also been shown to increase BC 
metastasis in vivo in previous studies (19,20). Thus, whether 
miR‑155 modulated expression of EMT markers in MCF7 
cells was assessed, as EMT is a major cause of tumor metas‑
tasis. A decrease in the expression of the mesenchymal 
markers (FN and α‑SMA), and an increase in the expression 
epithelial markers (E‑cadherin and CK18) was observed in 
MCF‑7 cells following treatment with miR‑155 inhibitor, 
suggesting that downregulation of miR‑155 reduced EMT 
in MCF‑7 cells.

Bioinformatics analysis showed that TGFBR2 was a 
potential direct target of miR‑155. Lower levels of TGFBR2 
expression were observed in human BC tissues, consistent 
with previous studies (21,22). Therefore, it was hypothesized 

that miRNA‑155 could directly negatively regulate TGFBR2 
mRNA and protein expression levels. To confirm this hypoth‑
esis, MCF‑7 cells were transfected with miR‑155 inhibitor. The 
miR‑155 inhibitor induced enhanced expression of TGFBR2, 
suggesting that miR‑155 inversely regulated TGFBR2 expres‑
sion. Subsequently, direct binding of miR‑155 to the TGFBR2 
3'UTR was confirmed through the use of a dual luciferase 
assay.

Taken together, the results of the present study demon‑
strate that miR‑155 promoted proliferation and metastasis of 
MCF‑7 cells, and negatively regulated expression of its target, 
TGFBR2, by directly binding to its mRNA transcript. These 
results suggest that miR‑155 may serve an important role in 
BC pathogenesis and potentially be used for development of 
novel diagnostic and therapeutic strategies for treatment of 
patients with BC.
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