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Critical role of miR-10b in transforming growth factor-b1-induced
epithelial–mesenchymal transition in breast cancer
Xu Han1,3, Sun Yan2,3, Zhang Weijie2, Wang Feng2, Wang Liuxing2, Li Mengquan1 and Fan Qingxia2

Epithelial–mesenchymal transition (EMT) is a key process in the tumor metastatic cascade that is characterized by the loss of
cell–cell junctions and cell polarity, resulting in the acquisition of migratory and invasive properties. Recent evidence showed that
altered microRNA-10b (miR-10b) expression was implicated in the occurrence of EMT of breast cancer. However, the exact role and
underlying mechanisms of miR-10b in the EMT of breast cancer still remain unknown. In this study, miR-10b was found to be
upregulated in breast cancer tissues and breast cancer cell lines and the expression of miR-10b was shown to be closely correlated
with aggressiveness in breast cancer. Treating breast cancer cells with the miR-10b inhibitor increased E-cadherin expression while
decreasing vimentin expression. At the same time, on inhibition of miR-10b, the invasion and proliferation ability of breast cancer
cells also decreased. Transforming growth factor-b (TGF-b) is a multifunctional cytokine that induces EMT in multiple cell types.
Here, we identified miR-10b as a target gene of TGF-b1. The expression of miR-10b increased during TGF-b1-induced EMT of breast
cancer cells. Further study showed that inhibition of miR-10b expression partially reversed the EMT, invasion and proliferation
induced by TGF-b1 in breast cancer cells. Taken together, these results demonstrated a novel function for miR-10b in TGF-b1-
induced EMT in breast cancer and increased their metastatic potential. MiR-10b might become a possible target for gene therapy in
breast cancer.
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Breast cancer is one of the most common types of malignant
cancers worldwide. Even though there has been considerable pro-
gress in the early detection and surgical therapy of breast cancer,
there are B350000 women who die from breast cancer each year.1

The principal reason for mortality in breast cancer is invasion and
metastasis rather than the primary cancer itself; therefore, there is
an urgent need to understand the molecular mechanism and
pathways that participate in the invasion and metastasis of breast
cancer for better and improved treatment of women diagnosed
with breast cancer.2 Epithelial–mesenchymal transition (EMT) is a
key step toward cancer metastasis, and E-cadherin is regarded as a
main indicator of the epithelial–mesenchymal phenotype switch-
ing.3 E-cadherin loss is suggestive of EMT, and tumor cell invasion
and metastasis are associated with EMT.4–5

EMT is triggered by many signaling pathways—for example,
transforming growth factor-b (TGF-b),6 fibroblast growth factor,7

epidermal growth factor,8 hepatocyte growth factor,9 platelet-
derived growth factors10 as well as different isoforms of Wnt
proteins,11 matrix metalloproteinases,12 bone morphogenic proteins13

and many others. Among these signaling pathways, TGF-b has
been claimed to be critical for induction of the EMT phenotype,
and TGF-b as a potent inducer of EMT was first recognized in
cultured normal mammary epithelial cells.14 The functioning of
the TGF-b pathway depends on its constitutive and extensive
communication with other genes, resulting in synergistic or
antagonistic effects and desirable biological outcomes.15

MicroRNAs (miRNAs) are emerging regulators of gene expres-
sion at the post-transcriptional level. Emerging evidence shows
that miRNAs are involved in the biological processes related to
apoptosis, proliferation, differentiation, invasion and metastasis,
while its deregulation is crucial to cancer initiation and progres-
sion.16–19 In an initial screen for miRNAs differentially expressed in
human breast cancer cells, the three most significantly upregu-
lated miRNAs, miR-155, miR-9 and microRNA-10b (miR-10b), were
identified.20 MiR-10b is a particularly interesting candidate given
its close correlation with metastatic behaviors.21 Ma et al.22

reported that overexpression of miR-10b could endow breast
cancer cells with invasive and metastatic abilities in vivo. MiR-10b
is also involved in the progression of other types of cancer.
Antisense silencing of miR-10b in NF1 malignant peripheral nerve
sheath tumor cells reduced cell proliferation, migration and
invasion. Recent reports identified the miR-10b gene as a target
of the transcription factor Twist, which is highly expressed in
metastatic breast cancer cells and stimulates in vitro and in vivo
tumor invasion.23 However, its role in the occurrence of EMT has
not been fully elucidated.
Here we demonstrated a novel link between miR-10b activation

and the TGF-b1 signaling pathway. We showed that miR-10b was
overexpressed in breast cancer tissue and breast cancer cells and
the expression of miR-10b was shown to be closely correlated
with aggressiveness in breast cancer. Inhibition of miR-23a could
suppress the occurrence of EMT and the invasion and proliferation
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of breast cancer. Furthermore, inhibition of miR-10b could also
partially suppress the EMT, invasion and proliferation induced by
TGF-b1 in breast cancer cells. MiR-10b could be a useful target for
breast cancer prevention and therapy.

MATERIAL AND METHODS
Ethics statement
This study was performed under a protocol approved by the Institutional
Review Boards of The First Affiliated Hospital of Zhengzhou Medical
University, and all examinations were performed after obtaining written
informed consent.

Tissue specimens
Thirty-four tumor and adjacent normal tissue samples were collected from
breast cancer patients undergoing surgical resection at First Affiliated
Hospital of Zhengzhou University. A board certified pathologist diagnosed
all tumor tissue as breast cancer. Normal samples were collected from
areas adjacent to the tumor tissue but outside the tumor margins. RNA was
isolated from fresh frozen tissue samples using TRIzol reagent. The isolated
RNA was dissolved in RNase-free water and stored at � 70 1C.

Cell line and cell culture
The human breast cancer cell lines MCF-7, MDA-MB-231 and MDA-MB-435
were cultured in RPMI-1640 medium with 10% fetal bovine serum. The
cells were cultured at 37 1C in a humidified atmosphere containing 5%
CO2. All of these cells were purchased from a commercial company within
4 years. MDA-MB-231 and MDA-MB-435 cell lines are highly invasive
human breast cancer cell lines, whereas the MCF-7 cell line is a well-
accepted human breast cancer cell line with relatively low invasiveness.

Transfection
Inhibitors for miR-10b and control oligonucleotide were purchased from
Shanghai GenePharma (Shanghai, China). The concentration used was
50 nM. Breast cancer cells were seeded 24 h before transfection in 6-well
plates and transfected using Lipofectamine 2000 transfection reagent in
accordance with the manufacturer’s advised procedure. The efficiency of
miR-10b inhibiting was evaluated with quantitative real-time PCR tests. In
other sets of experiments, TGF-b1 was purchased from Aviscera Bioscience
(Santa Clara, CA, USA) and the concentration used was 5 ngml� 1 for 48 h.

RNA and miRNA isolation and cDNA synthesis, quantitative
real-time PCR of miR-10b, E-cadherin and vimentin
Total RNA from breast cancer tissues and cells was isolated using Trizol
reagents and miRNA was isolated with a mirVana miRNA isolation Kit. The
quality and quantity of the RNA and miRNA samples were assessed by
standard electrophoresis and spectrophotometric methods. cDNA from
total RNA was generated using a TransScript First-strand cDNA Synthesis
SuperMix kit. cDNA from miRNAs was generated using a TaqMan miRNA
Reverse Transcription kit. The expression level of E-cadherin and vimentin
was measured by quantitative real-time PCR using the SYBR Premix Ex Taq
kit with the following primers: E-cadherin forward 50-gaacgcattgccacata-
cac-30 and E-cadherin reverse 50-attcgggcttgttgtcattc-30 ; Vimentin forward
50-gagaactttgccgttgaagc-30 and vimentin reverse 50-ctcaatgtcaagggccatct-
30 , and normalized using b-actin. The expression level of miR-21 was
measured by quantitative real-time PCR using the TaqMan MicroRNA Assay
protocol specific for miR-10b and normalized using U6 small nuclear RNA
(RNU6B). All of the reactions were run in triplicate. The DDCt method for
relative quantification of gene expression was used to determine miR-10
and E-cadherin and vimentin mRNA expression levels.

Western blot analysis
Experimental cells were harvested and lysed for total protein extraction.
Protein content in cell lysates was measured using the Micro BCA protein
assay kit (Pierce Biotechnology/Thermo Fisher Scientific, Rockford, IL, USA)
using bovine serum albumin as the internal standard. Fifty micrograms of
total protein from experimental cells was separated on a 10% Tris-glycine
SDS polyacrylamide gel and transferred to a nitrocellulose membrane (Bio-
Rad, Hercules, CA, USA). The blot was probed with mouse monoclonal
antibodies including anti-b-Actin (Santa Cruz, CA, USA; 1:5000), anti-E-
cadherin (Santa Cruz; 1:2000) and anti-vimentin (Santa Cruz; 1:2000).

Antibody binding was detected using Gel Blot Imaging Systems (Syngene
G:BOX, Cambridge, UK) according to the manufacturer’s protocol. The
expression of b-actin was used as a normalization control for protein
loading.

Cell proliferation assay
Cell proliferation was monitored by the colorimetric water-soluble
tetrazolium salt (CCK8) assay using Cell Counting Kit-8 (Dojindo, Shanghai,
China) according to the manufacturer’s instructions. Breast cancer cells
were seeded onto 96-well plates (2� 103 cells per well), and cell proliferation
was documented every 24 h for 3 days. The staining intensity in the
medium was measured by determining the absorbance at 450 nm. The
results were representative of three individual experiments in triplicate.

Invasion assay
The invasion of breast cancer cells was measured using Boyden transwell
chambers (Transwell-Costar, Corning, NY, USA) according to the manu-
facturer’s protocol. Briefly, the cells were seeded onto the membrane of
the upper chamber at a concentration of 3� 104 in 400mL medium, and
RPMI-1640 medium was added to the lower chamber. After 24 h, the lower
chamber was washed three times with deionized water. The membrane in
the lower chamber was stained with crystal violet. The number of invaded
cells was counted with a microscope in at least three fields.

Statistical analysis
The database was set up with the SPSS 11.0 software package (Selles,
Zhengzhou, China) for analysis. Data were presented as mean±s.d. The
mean values of multiple groups were compared with one-way analysis of
variance after the equal check of variance, and the two-way comparisons
among the means were performed using the least significant difference
method. Statistical comparison was also performed with the two-tailed
t-test when appropriate. Po0.05 was considered statistically significant.

RESULTS
The expression of miR-10b was upregulated in breast cancer
tissues and cells
We measured miR-10b expression levels in 34 frozen samples
from breast cancer patients (17 tumor samples and 17 adjacent
normal control samples) using quantitative real-time PCR. Our
results showed that miR-10b expression was significantly upregu-
lated in breast cancer tissue as compared with adjacent normal
tissue (Figure 1a). Furthermore, quantitative real-time PCR was
also performed to detect the miR-10b expression level in breast
cancer cells in order to validate the high-expression trend of
miR-10b in the breast cancer tissues. We found that miR-10b was
expressed in all three breast cancer cell lines (Figure 1b). More
importantly, a correlation was found to exist between the
aggressiveness of the cell line and expression of miR-10b in all
three breast cancer cell lines. MDA-MB-231 and MDA-MB-435 with
high metastatic ability revealed a higher miR-10b expression,
whereas the poorly metastatic breast cancer cell line MCF-7
revealed a lower miR-10b expression.

Effect of miR-10b inhibition on invasion and proliferation ability of
breast cancer cells
Next, we examined the role of miR-10b in breast cancer invasion
and proliferation using two kinds of breast cancer cell lines, MDA-
MB-231 and MDA-MB-435, which had higher miR-10b expression.
Fifty nanomolars of miR-10b inhibitor was used to transfect MDA-
MB-231 and MDA-MB-435 cells. MDA-MB-435 and MDA-MB-231
cells transiently transfected with control oligonucleotides were
used as negative control, and blank MDA-MB-231 and MDA-MB-
435 cells were used as blank control. At 48 h after transfection,
miR-10b expression in both types of breast cancer cells showed a
markedly downregulated miR-10b expression compared with that
in negative control or blank control (Figure 2a). As previously
mentioned, metastasis is an important characteristic of malignant
cancer cells. To further assess the influence of miR-10b on breast
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cancer cell invasion, the effect of miR-10b inhibition on cell
invasion ability was examined in MDA-MB-231 and MDA-MB-435
cells. The Boyden chamber invasion assay showed that inhibition of
miR-10b significantly decreased the invasiveness of MDA-MB-231
and MDA-MB-435 cells (Figures 2b and c). These data indicated

that miR-10b might be a key factor stimulating the invasion of
breast cancer cells. To ascertain whether the effects were truly
invasive, we needed to show the effect of inhibiting miR-10b on
the proliferation ability of MDA-MB-231 and MDA-MB-435 cells.
Hence, the proliferation ability change of MDA-MB-231 and
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Figure 2. MicroRNA-10b (MiR-10b) inhibited the invasion and proliferation of breast cancer cell lines MDA-MB-231 and MDA-MB-435. (a)
Relative miR-10b expression levels in three groups of MDA-MB-231 and MDA-MB-435 cells (Blank: MDA-MB-231 and MDA-MB-435; negative:
MDA-MB-231 and MDA-MB-435 transfected with control oligonucleotides; miR-10b inhibitor: MDA-MB-231 and MDA-MB-435 transfected with
50 nM miR-10b inhibitor for 24 h). U6 small nuclear RNA (RNU6B) was used as an internal loading control to normalize the results. The miR-10b
expression in MDA-MB-231 and MDA-MB-435 cells transfected with miR-10b inhibitor was significantly lower than that in blank control and
negative control, *Po0.01. (b) Representative photographs of invaded MDA-MB-231 and MDA-MB-435 cells on the membrane at a
magnification of � 100. (c) Quantitative results for the invasion ability of each group of MDA-MB-231 and MDA-MB-435 cells were shown as
invaded cell number, 24 h after incubation. The average cell counts of MDA-MB-231 and MDA-MB-435 cells transiently transfected with miR-
10b inhibitor invading through the membrane were smaller than those of negative control or blank control, *Po0.05. (d) Every 24 h, CCK8
assay was performed on three groups of MDA-MB-231 and MDA-MB-435 cells each. The viable cell number was evaluated as the value of the
absorbance at 450 nm. The optical density (OD) values of MDA-MB-231 and MDA-MB-435 cells transfected with 50 nM miR-10b inhibitor for
24 h was smaller than that in control groups, *Po0.05, **Po0.01.

Figure 1. Expression of microRNA-10b (miR-10b) was upregulated in breast cancer tissues and breast cancer cell lines. (a) MiR-10b expression
was examined in 34 cases of frozen samples from breast cancer patients (17 tumors and 17 adjacent normal controls) using quantitative real-time
PCR. The expression of miR-10b in breast cancer tissues was significantly higher than that in adjacent normal controls, *Po0.01. (b) MiR-10b
expression was analyzed in three cancer cell lines (MCF-7, MDA-MB-231 and MDA-MB-435) using quantitative real-time PCR. The expression of
miR-10b in breast cancer cell lines MDA-MB-231 and MDA-MB-435 was higher than that in breast cancer cell line MCF-7, *Po0.05.
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MDA-MB-435 after transfection with miR-10b inhibitor at different
time intervals (24, 48 and 72 h) was measured by the CCK8 assay.
Compared with negative control and blank control, MDA-MB-231
and MDA-MB-435 cells transfected with miR-10b inhibitor showed
significantly decreased optical density values at 48 and 72 h,
respectively (Figure 2d). These results provided the evidence that
miR-10b expression may have a role in breast cancer invasion and
proliferation.

Effect of miR-10b inhibition on the expression of E-cadherin and
vimentin
A series of mechanisms are involved in the invasion of breast
cancer, and EMT has a particularly critical role. E-cadherin down-
regulation in mammalian cell systems is sufficient to trigger EMT.24

Gupta et al.25 have reported that, in colorectal carcinomas, the
embryonic EMT is activated during tumor invasion in disseminat-
ing cancer cells. These cells are characterized by a loss of
E-cadherin expression. We detected the expression of epithelial
marker (E-cadherin) and mesenchymal marker (vimentin) of cells
treated with miR-10b inhibitor to ascertain the effects of miR-10b
on EMT. Given that the treatment with the miR-10b inhibitor
resulted in a reduction in miR-10b expression level, we analyzed
the mRNA and protein expression of E-cadherin and vimentin in
MDA-MB-231 and MDA-MB-435 cells with reduced miR-10b levels.
As shown in Figure 3a, miR-10b inhibition induced an increase in

expression of E-cadherin and a decrease in expression of vimentin
relative to that in controls. The data from western blot of
E-cadherin and vimentin showed results similar to those of
quantitative real-time PCR (Figure 3b).

MiR-10b expression increased during TGF-b1-induced EMT in
breast cancer cell lines
Transforming growth factor-b (TGF-b) has a central role in the
regulation of EMT. TGF-b is often overexpressed in tumor tissues
including breast cancer, and facilitates cancer progression through
a diverse repertoire of tumor-cell-autonomous and host–tumor
interactions, including enhancement of cell motility and invasion,
which involves the process of EMT.26–27 When stimulated by
5 ngml� 1 TGF-b1 for 24 h, breast cancer cells MDA-MB-231 and
MDA-MB-435 undergo EMT by showing less uniform epithelial
morphological changes, which were correlated with decreased
E-cadherin expression and increased vimentin expression (Figures
4a and b). miRNAs are already known to be key regulators of the
TGF-b pathway.28 In order to study whether miR-10b was involved
in the TGF-b1 signaling pathway in breast cancer, MDA-MB-231
and MDA-MB-435 cells were used again. Quantitative real-time
PCR demonstrated that TGF-b1, but not the control, induced miR-
10b expression significantly in MDA-MB-231 and MDA-MB-435
cells (Figure 4c). All these results imply that TGF-b signaling is
necessary for miR-10b expression.
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Figure 3. MicroRNA-10b (MiR-10b) altered messenger RNA (mRNA) and protein expression of E-cadherin and vimentin in breast cancer cell
lines MDA-MB-231 and MDA-MB-435. (a) The mRNA levels of E-cadherin and vimentin in three groups of MDA-MB-231 and MDA-MB-435 cells,
respectively. (Blank: MDA-MB-231 and MDA-MB-435; negative: MDA-MB-231 and MDA-MB-435 transfected with control oligonucleotides; miR-
10b inhibitor: MDA-MB-231 and MDA-MB-435 transfected with 50 nM miR-10b inhibitor for 24 h). b-actin was used as an internal control. The
E-cadherin mRNA expression in MDA-MB-231 and MDA-MB-435 cells transfected with miR-10b inhibitor was significantly higher than that in
blank control and negative control (Po0.05), whereas vimentin mRNA expression in MDA-MB-231 and MDA-MB-435 cells transfected with
miR-10b inhibitor was significantly lower than that in blank control and negative control, *Po0.05. (b) The protein levels of E-cadherin and
vimentin in three groups of MDA-MB-231 and MDA-MB-435 cells, respectively. b-actin was used as an internal control. The E-cadherin protein
expression in MDA-MB-231 and MDA-MB-435 transfected with miR-10b inhibitor was significantly higher than that in blank control and
negative control (Po0.05), whereas vimentin protein expression in MDA-MB-231 and MDA-MB-435 cells transfected with miR-10b inhibitor
was significantly lower than that in blank control and negative control, *Po0.05.
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MiR-10b inhibitor rescued TGF-b1-induced EMT in breast cancer
cell lines
To further investigate the role of miR-10b in TGF-b1-induced EMT,
we used the miR-10b inhibitor to determine the effect of miR-10b
blockade on the TGF-b 1 signaling pathway and on the EMT
process. MDA-MB-231 and MDA-MB-435 cells were incubated with
5ngml� 1 TGF-b1 for 24h and then transfected with 2uM miR-10b
inhibitor for 48h. TGF-b1 stimulation decreased E-cadherin expres-
sion and enhanced vimentin expression, whereas the miR-10b
inhibitor reversed the expression of E-cadherin and vimentin
(Figures 5a and b). Thus, our results suggest that miR-10b has an
important role in TGF-b1-induced EMT in breast cancer.

MiR-10b inhibitor rescued TGF-b1-induced higher invasion and
proliferation ability of breast cancer cell lines
Next, we determined whether miR-10b blockade affected
the invasion and proliferation ability of MDA-MB-231 and

MDA-MB-435 cells after treatment with 5 ng/ml TGF-b1 for 24 h.
The results of boyden chamber and CCK8 showed that TGF-b1
stimulation could increase the invasion and proliferation ability of
MDA-MB-231 and MDA-MB-435 cells, but miR-10b blockade
reversed the stimulatory effect of TGF-b1 on cell invasion and
proliferation of MDA-MB-231 and MDA-MB-435 cells (Figures 6a
and b), suggesting that miR-10b inhibition altered the TGF-b1
signaling pathway in breast cancer cells, affecting cell invasion
and cell proliferation.

DISCUSSION
Metastasis is the major cause of breast cancer mortality.
Identification of metastasis-associated mechanisms is essential
for developing new markers for early detection, and ultimately
discovering new therapeutic targets. EMT is a normal physiological
process that is essential for embryogenesis and tissue morpho-
genesis and for tissue remodeling and repair during wound
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Figure 4. MicroRNA-10b (MiR-10b) was directly induced by TGF-b1 and involved in the EMT of breast cancer cells. (a) The messenger RNA
(mRNA) levels of E-cadherin and vimentin in two groups of MDA-MB-231 and MDA-MB-435 cells, respectively (TGF-b1: MDA-MB-231 and MDA-
MB-435 cells treated with 5 ngml� 1 of TGF-b1 for 24 h; control: MDA-MB-231 and MDA-MB-435 cells). b-actin was used as an internal control.
Compared with vacant MDA-MB-231 and MDA-MB-435 cells, loss of E-cadherin expression and enhanced vimentin expression were observed
in MDA-MB-231 and MDA-MB-435 cells after TGF-b1 stimulation,*Po0.05.(b) The protein levels of E-cadherin and vimentin in two groups of
MDA-MB-231 and MDA-MB-435 cells. Compared with vacant MDA-MB-231 and MDA-MB-435 cells, loss of E-cadherin expression and enhanced
vimentin expression were observed in MDA-MB-231 and MDA-MB-435 cells after TGF-b1 stimulation, *Po0.05. (c) The miR-10b expression in
two groups of MDA-MB-231 and MDA-MB-435 cells. U6 small nuclear RNA (RNU6B) was used as an internal loading control to normalize the
results. Compared with vacant MDA-MB-231 and MDA-MB-435 cells, high miR-10b expression was observed in MDA-MB-231 and MDA-MB-435
cells after TGF-b1 stimulation, *Po0.01.

Growth factor-b1 and breast cancer
X Han et al

64

Cancer Gene Therapy (2014), 60 – 67 & 2014 Nature America, Inc.



healing.4,29–30 However, pathological EMT is increasingly recog-
nized to have an important role during the development of
human diseases, including chronic inflammation, fibrosis,
rheumatoid arthritis and cancer invasion and metastasis.3,31–32

miRNAs are endogenous small non-coding RNAs that control the
target gene expression at the post-transcriptional level. Several
miRNAs have been functionally classified as proto-oncogenes
or tumor suppressors and are aberrantly expressed in dif-
ferent cancer types.16,33 Previous studies have suggested that
deregulation of miR-10b is associated with EMT and the
progression of breast cancer.34 However, the involvement of
miR-10b in the EMT of breast cancer has not been investigated
fully. In the current study, quantitative real-time PCR analysis
confirmed that breast cancer exhibits abundant miR-10b
expression, in contrast to adjacent non-tumor tissues, which
displayed absence or lower miR-10b expression. We also showed
that miR-10b expression determined by quantitative real-time
PCR was expressed in all studied breast cancer cell lines (MCF-7,
MDA-MB-231 and MDA-MB-435). More importantly, the expression
of miR-10b in MCF-7, MDA-MB-231 and MDA-MB-435 cells was
found to be positively correlated with the aggressiveness of the
cell line: MDA-MB-231 and MDA-MB-435 cell lines with higher
metastatic ability revealed higher miR-10b expression, whereas

the poorly metastatic MCF-7 cell line showed lower miR-10b
expression.
To further confirm the role of miR-10b in the invasion and

metastasis of ESCC, we selected MDA-MB-231 and MDA-MB-435
cells with a relatively higher miR-10b expression for further study.
We found that the inhibition of miR-10b could suppress the
occurrence of EMT in MDA-MB-231 and MDA-MB-435 cells
significantly, accompanied by the declined invasion and prolifera-
tion properties of MDA-MB-231 and MDA-MB-435 cells. EMT is
marked by the loss of epithelial markers, such as E-cadherin, and
the acquisition of mesenchymal markers, such as vimentin.35 Our
data demonstrated that the expression of E-cadherin was elevated
significantly in MDA-MB-231 and MDA-MB-435 cells transfected
with the miR-10b inhibitor compared with control groups. In
contrast, the expression of vimentin was decreased greatly in
MDA-MB-231 and MDA-MB-435 cells transfected with the miR-10b
inhibitor. Furthermore, our data also showed that miR-10b was a
major regulator of breast cancer cell invasion. By Boyden invasion
chamber assay, we found that there was a significant decrease in
the numbers of MDA-MB-231 and MDA-MB-435 cells transfected
with the miR-10b inhibitor that traversed the matrigel-coated
membrane compared with control groups. In addition, the
miR-10b inhibitor could also inhibit the proliferation ability of
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Figure 5. Inhibition of microRNA-10 (miR-10) could partially restore the epithelial–mesenchymal transition of breast cancer cells induced by
transforming growth factor-b1 (TGF-b1). (a) The messenger RNA (mRNA) levels of E-cadherin and vimentin in four groups of MDA-MB-231 and
MDA-MB-435 cells (TGF-b1: MDA-MB-231 and MDA-MB-435 cells treated with 5 ngml� 1 of TGF-b1 for 24 h; miR-10b inhibitor: MDA-MB-231
and MDA-MB-435 cells transfected with 50 nM miR-10b inhibitor for 24 h; TGF-b1þmiR-10b inhibitor: MDA-MB-231 and MDA-MB-435 cells
treated with 5 ngml� 1 of TGF-b1 for 24 h then transfected with 50 nM miR-10b inhibitor for 24 h; control: MDA-MB-231 and MDA-MB-435
cells). b-actin was used as an internal control. Compared with MDA-MB-231 and MDA-MB-435 cells treated with 5 ngml� 1 of TGF-b1 for 24 h,
MDA-MB-231 and MDA-MB-435 cells treated with 5 ngml� 1 of TGF-b1 for 24 h and then transfected with 50 nM miR-10b inhibitor for 24 h
showed altered E-cadherin and vimentin mRNA expression, *Po0.05. (b) The protein levels of E-cadherin and vimentin in four groups of MDA-
MB-231 and MDA-MB-435 cells. Compared with MDA-MB-231 and MDA-MB-435 cells treated with 5 ngml� 1 of TGF-b1 for 24 h, MDA-MB-231
and MDA-MB-435 cells treated with 5 ngml� 1 of TGF-b1 for 24 h and then transfected with 50 nM miR-10b inhibitor for 24 h showed altered
E-cadherin and vimentin protein expression, *Po0.05.
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MDA-MB-231 and MDA-MB-435 cells. These data suggested that
miR-10b could take part in EMT in breast cancer and may be
involved in invasion and metastasis through EMT.
The ability of TGF-b to induce EMT was initially described by

Derynck and colleagues36 in 1994. During the intervening years
since this important discovery, the findings of numerous studies
have coalesced in establishing TGF-b as a master regulator of the
initiation and resolution of EMT under a variety of pathophy-
siological contexts.29,37 In order to examine whether miR-10b is
involved in the TGF-b signaling pathway in EMT, we checked the
miR-10b expression in MDA-MB-231 and MDA-MB-435 cells
treated with TGF-b1 after 24 h and their corresponding parental
cells. We found that, when stimulated with TGF-b1 for 24 h, MDA-
MB-231 and MDA-MB-435 cells showed higher expression of miR-
10b. Simultaneously, the expression of E-cadherin was decreased
and the expression of vimentin was enhanced in MDA-MB-231
and MDA-MB-435 cells undergoing EMT. These studies led us to
investigate whether miR-10b was a key factor for the TGF-b1-
induced EMT in MDA-MB-231 and MDA-MB-435 cells. We found
that the downregulation of miR-10b expression by miR-10b
inhibitor treatment might partially reverse the E-cadherin and
vimentin expression in MDA-MB-231 and MDA-MB-435 cells
treated with TGF-b1 and that the miR-10b inhibitor could also
rescue mesenchymal features of MDA-MB-231 and MDA-MB-435
cells, which were modulated by TGF-b1. Furthermore, the down-
regulation of miR-10b could fractionally restore the invasion and
proliferation ability of MDA-MB-231 and MDA-MB-435 cells treated
with TGF-b1. These data suggest that miR-10b might be a key
factor in TGF-b1-induced EMT and might take part in the invasion
and proliferation of breast cancer cells through EMT.

Taken together, our study demonstrates the contribution of
miR-10b in TGF-b1-induced EMT, which might be one of the
mechanisms that can be attributed to the metastatic function of
miR-10b. A better understanding of the mechanisms of metastasis
genes like miR-10b will provide greater insight into the metastasis
of breast cancer, and miR-10b might be a potential therapeutic
target for the treatment of metastasis of breast cancer.
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