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Abstract Epithelial–mesenchymal transition (EMT) is a

crucial step in epithelial cancer invasion and metastasis. miR-

153 has been identified as a key EMT suppressor. Accord-

ingly, this study aimed to determine the possible relation of

miR-153 downregulation to EMT through MTDH modula-

tion. The miR-153 and MTDH expression profiles of human

breast cancer specimen were determined by qPCR and

evaluated by correlation analysis. Cell viability and clono-

genic assays were applied to explore the impact of miR-153

on suppression of proliferation and oncogenic potential of

breast cancer cells. Cell migration and invasion assays were

used for the functional analysis of miR-153 in MCF-7 and

MDA-MB-231 cells. Luciferase assay was adopted to identify

MTDH as a new direct target of miR-153. Ectopic expression

of miR-153 could significantly inhibit tumor growth and im-

pair the migration and invasion of breast cancer cells. Over-

expression of miR-153 simultaneously increased E-cadherin,

decreased vimentin expression, and downmodulated EMT-

associated transcription factors. miR-153 was negatively

correlated with MTDH in cell lines and clinical samples.

Overexpression of miR-153 significantly suppressed MTDH,

as demonstrated by in vitro MTDH 30-untranslated region

luciferase report assay. MTDH is a direct downstream target

of miR-153 and is involved in the miR-153-induced sup-

pression of the migration and invasion of breast cancer cells.

Our findings indicate that miR-153 functions as a tumor

suppressor and miR-153/MTDH link is a promising

therapeutic target for breast cancer.
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Introduction

Breast cancer is the most common malignancy in women

around the world. Invasion and metastasis remain the main

obstacles in the effective treatment of this disease. Thus,

research on the molecular mechanisms leading to invasive

and metastatic dissemination of carcinoma cells is receiving

increased interest. Recent evidence indicates that epithelial–

mesenchymal transition (EMT) is a critical step in cancer

cell invasion and metastasis. EMT has been found to be

positively correlated with poor prognosis in breast cancer

patients [1, 2].

Metadherin (MTDH) is originally identified as an

oncogene and its abnormalities have been identified in

many types of human malignancy [3, 4]. MTDH could

enhance invasion ability by inducing EMT in human breast

cancer cells through the NF-kappaB, Ha-ras, PI3K/Akt,

and Wnt/beta-catenin signaling pathways [5, 6].

miRNAs reportedly play an important role in tumori-

genesis and metastasis in human cancer [7, 8]. Recently,

miR-153 has been found to be markedly downregulated in

& Wentong Li

liwentong11@163.com

Limin Zhai

lmkp0706@163.com

Chunling Zhao

linglinghappy2003@yahoo.com.cn

Shijun Lv

sjlu@wfmc.edu.cn

1 Department of Pathology, Weifang Medical University,

Weifang 261053, Shandong Province,

People’s Republic of China

2 Department of Biology, Weifang Medical University,

Weifang 261053, Shandong Province,

People’s Republic of China

123

Breast Cancer Res Treat (2015) 150:501–509

DOI 10.1007/s10549-015-3346-y



cells when EMT occurs [9]. More data have demonstrated

that miR-153 is a novel regulator of EMT by targeting

SNAI1 and ZEB2 [9]. MTDH has further been identified as

a direct target of miR-145 and miR-22 in ovarian and

gastric cancer [10, 11]. Given that miR-153 has been

marked as a key EMT suppressor, close attention is paid to

the modulation of EMT through the crosstalk between

miR-153 and MTDH.

Materials and methods

Patients and tissue samples

Invasive breast carcinoma and the adjacent normal tissues

were collected in The Affiliated Hospital of Weifang

Medical University from April 2008 to July 2012. The

specimens were obtained from primary breast cancer pa-

tients receiving no surgery or chemotherapy previously.

Written informed consent was obtained from all par-

ticipants, as delineated by the protocol (approved by the

Ethical Committee of Weifang Medical University).

Cell lines and reagents

Breast cancer cell lines MCF-7 and MDA-MB-231 were

obtained from American Type Culture Collection (Rock-

ville, MD, USA). They were routinely cultured in DMEM

supplemented with 10 % FBS at 37 �C with 5 % CO2.

Rabbit anti-E-cadherin, anti-vimentin antibodies were

purchased from Cell Signaling Technology (Beverly, MA,

USA) and rabbit anti-MTDH antibody was purchased from

Invitrogen (Carlsbad, CA, USA).

Plasmid construction and transfection

For MTDH overexpression, the cDNA of MTDH was

cloned into the multiple cloning site of the pcDNA3.1 as

previously described [12]. The sequences of miR-153

mimic were as follows: 50-UUGCAUAGUCACAAAA

GUGAUC-30/50-GAUCACUUUUGUGACUAUGCAA-30.
The sequence of miR-153 inhibitor was as follows: 50-
AUCACUU UUGUGACUAUGCA-30 [9]. Cells were

seeded at 2 9 105 cells per well in a six-well plate and

transfected using Lipofectamine according to the

manufacturer’s instructions. Total RNA and protein were

collected for assay 2 days post-transfection.

Cell proliferation and clonogenic assay

Cell proliferation was assessed by MTT assay as previously

described [10]. To determine clonogenic ability, cells were

allowed to grow for 14 days to form colonies, which were

then stained with crystal violet (2 %, w/v; Sigma, St Louis,

MO, USA).

Scratch assay

For the scratch assay, cells were grown to confluence in a

24-well plate, and a ‘‘w‘‘unding’’ ’’ine was scratched into the

cell monolayer with a sterile 200 lL pipette tip. The width

of the wound was measured under microscope at 0 and 24 h

after the scratch to assess the cell migration ability.

Transwell invasive assay

Invasion assay was performed using a Transwell system

according to manuals. Chambers were incubated at 37 �C

for 24 h, and three duplicates were prepared for each

group. Successfully translocated cells were fixed and

stained with 0.2 % crystal violet. The total cell numbers of

five visual fields at the center and in the surrounding areas

were counted, and the average was calculated.

RNA extraction and qPCR

Total RNA from tissues and cultured cells was extracted

using Trizol (Invitrogen) according to the manufacturer’s

instructions. The specific primers were designed as follows:

SNAI1: 50-GCTGCAGGACTCTAATCCAGA-30/50-ATC

TCCGGAGGTGGGATG-30, ZEB2: 50-AGGAGCTGTC

TCGCCTTG-30/50-GGCAAAAGCATCTGGAGTTC-30 and

GAPDH: 50-CATGAGAAGTATGACAACAGCCT-30/50-AG

TCCTTCCACGATACCAAAGT-30. GAPDH was used as

the internal control. mRNA expression was quantified using

the DDCt method. For miRNA analysis, qPCR was performed

using PrimeScript� miRNA RT-PCR Kit (Takara) according

to the manufacturer’s instructions. The entire sequences of

miR-153 (TTGCATAGTCACAAAAGTGATC), or U6

(CGCAAGGATGACACG CAAATTCGT) were used as

specific forward primers in combination with the universal

reverse quantitative PCR primers provided in the kit. All

miRNA data were expressed relative to a U6 small nuclear

RNA from the same sample.

Immunohistochemistry

The resected specimens were paraffin embedded and stored at

4 �C. The expression of MTDH was detected through im-

munohistochemistry and the intensity of positive staining was

measured with integrated optical density (IOD). The intensity

of MTDH was classified as either high or low expression

(median value of IOD (mIOD) was used as the cutoff value;

MTDHhigh:IOD [ mIOD, and MTDHlow:IOD B mIOD).
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E-cadherin and vimentin immunofluorescence

Cells were grown on coverslips, fixed in 4 % paraformalde-

hyde for 20 min, incubated in a blocking buffer (1 % BSA

and 0.25 % Triton X-100 in PBS; pH 7.4), and then probed

with an E-cadherin antibody or vimentin antibody. To detect

nuclei, cells were costained with DAPI.

MTDH 30-untranslated region (UTR) reporter

analysis

The 30-UTR of MTDH containing a putative miR-153 binding

site was amplified and cloned into pGL3 vector to generate a

wild-type construct. For mutant plasmid, overlap extension

PCR assay was used as previously described [13]. Cells were

cultured in 24-well plates, for a transfection complex. About

2 ll of 20 lM chemically synthesized miR-153 mimic,

150 ng of pGL3 reporter plasmid and 50 ng of pRL-TK

plasmid were mixed with Lipofectamine 2000. Luciferase

activities were measured according to the manufacturer’s

instructions (Dual-Luciferase Assay System; Promega). Re-

nilla luciferase activity was normalized to corresponding

firefly luciferase activity and plotted as a percentage.

Western blot analysis

Cells were lysed in RIPA buffer, and protein was separated

by SDS-PAGE and then transferred to nitrocellulose. The

blots were probed with primary antibodies and then incu-

bated with 1:5000 secondary antibody. Signals were de-

tected with enhanced chemiluminescence, and resulting

images were analyzed with Gel-Pro Analyzer software.

The membranes were stripped and probed with monoclonal

antibody for b-actin as loading control.

Statistical analysis

SPSS V18.0 was used for statistical analysis. Student0s t test

and one-way ANOVA were used to determine the sig-

nificance of two groups and multiple groups, respectively.

Spearman0s correlation was used to identify the correlation

between the expression of miR-153 and MTDH. All error

bars represent the SE of three experiments. Differences with

P \ 0.05 were considered significant.

Results

Downregulation of miR-153 in breast cancer tissues

and cell lines

The expression of miR-153 in tumor samples was sig-

nificantly lower than that in benign tissues (Fig. 1a).

Clinicopathological analysis further revealed that the down-

regulation of miR-153 was significantly associated with the

molecular-based classification and lymph node metastasis

Fig. 1 miR-153 expression is

downregulated in breast cancer.

a Expression of miR-153 in

each sample was quantitatively

analyzed using qPCR and

normalized with U6 snRNA.

b Validation of miR-153 in

fresh primary breast cancer

specimens with or without

lymph node metastasis.

c Relative miR-153 expression

levels of breast cancer cell lines

and a normal mammary

epithelial cell line were

examined with qPCR assay.

d Expression of miR-153 in

breast cancer cell lines with or

without TGF-b treatment.

*P \ 0.05, **P \ 0.01
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(Table 1). The expression of miR-153 in patients without

lymph node metastasis was significantly higher than in those

who had at least one positive lymph node (Fig. 1b). We also

found that the expression levels of miR-153 in breast cancer

cell lines were much lower than in MCF-10A (Fig. 1c).

Moreover, miR-153 was revealed to be a potential participant

miRNA in TGF-b-mediated-EMT by qPCR (Fig. 1d).

Ectopic expression of miR-153 suppresses migration

and invasion of breast cancer cells in vitro

To determine whether miR-153 functionally behaved as a

tumor suppressor, we overexpressed miR-153 in MDA-MB-

231 and MCF-7 cells (Fig. 2a). As shown in Fig. 2b, cells

overexpressing miR-153 exhibited epithelial morphology.

We found that miR-153 could significantly suppress invasion

by Transwell assay (Fig. 2c), and that MCF-7 cells overex-

pressing miR-153 migrated much more slowly than the con-

trol cells by wound scratch assay (Fig. 2d). Overexpression of

miR-153 significantly suppressed the proliferation of breast

cancer cells (Fig. 2e). We also adopted the clonogenic assay

to evaluate the oncogenic potential of miR-153, as shown in

Fig. 2f. Colony-forming efficiency was found to be sig-

nificantly reduced in miR-153 overexpressed cells.

miR-153 inhibited the EMT process of breast cancer

cells

To determine whether the inhibitory effect of miR-153 on

migration and invasion was mediated by EMT, we exam-

ined the expression of several EMT markers. As expected,

miR-153 overexpression increased the expression level of

Table 1 Characteristic and

miR-153 expression in breast

cancer

Clinicopathological variables Cases (%) log2 (fold of repression)

(mean ± SD)

P value

Age

B45 41 (47.7) 1.28 ± 0.33 0.268a

[45 45 (52.3) 1.39 ± 0.49

Molecular-based classification 0.006b

Luminal A 45 (52.3) 1.47 ± 0.41

Luminal B 11 (12.8) 1.54 ± 0.57

HER2-positive 13 (15.1) 1.31 ± 0.24

Basal-like 17 (19.8) 1.25 ± 0.32

Tumor size (cm) 0.173b

B2 36 (41.9) 1.34 ± 0.43

2–5 46 (53.5) 1.19 ± 0.33

[5 4 (4.6) 1.27 ± 0.41

Clinical stage 0.347b

I, II 32 (37.2) 1.32 ± 0.29

III 24 (27.9) 1.38 ± 0.36

IV 4 (4.6) 1.39 ± 0.52

Positive lymph nodes 0.003b

0 35 (40.7) 1.88 ± 0.42

1–3 28 (32.5) 1.32 ± 0.35

C4 23 (26.8) 1.19 ± 0.34

ER 0.023a

Negative 15 (17.4) 1.71 ± 0.26

Positive 64 (74.4) 1.26 ± 0.42

PR 0.091a

Negative 13 (15.1) 1.64 ± 0.26

Positive 61 (70.9) 1.19 ± 0.45

HER-2 0.034a

Negative 71 (82.5) 1.66 ± 0.32

Positive 6 (6.9) 1.21 ± 0.33

ER estrogen receptor, HER-2 human epidermal growth factor receptor, PR progesterone receptor
a Independent-samples t test
b One-way ANOVA test
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E-cadherin and decreased the level of vimentin (Fig. 3a, b).

The majority of the EMT-associated genes tested were

downmodulated by miR-153 overexpression, and SNAI1

was the most severely affected (Fig. 3c).

miR-153 was negatively correlated with MTDH

in cell lines and clinical samples and can function

as a tumor suppressor

To further validate that miR-153 suppressed invasion and

metastasis by targeting MTDH, the expression levels of

miR-153 and MTDH were detected in a variety of breast

cancer cell lines. As indicated in Fig. 4a, the expression

levels of miR-153 and MTDH were inversely correlated

with each other. Afterward, the clinical relevance of the

above findings was evaluated. We measured the expression

of MTDH in a cohort of breast cancer samples (Fig. 4b),

and the relative expression level of MTDH was plotted

against that of miR-153 in each sample. Lower miR-153

expression was observed in breast cancer tissues with

higher immunostaining of MTDH (Fig. 4c), and a moder-

ate negative correlation of MTDH with miR-153 was ob-

served (Fig. 4d).

miR-153 directly targeted the MTDH 30 30-UTR)

Computational prediction with TargetScan software revealed

that an evolutionarily conserved region in the 30-UTR of

MTDH had a perfect complementary matching region to the

seed sequence of miR-153 (Fig. 5a). As shown in Fig. 5b, the

ectopic overexpression of miR-153 led to the inhibition of

MTDH expression. By contrast, miR-153 inhibitor dose-

Fig. 2 Overexpression of miR-153 suppressed cell proliferation,

migration, and invasion ability in vitro. a Overexpression of miR-153

was validated with qPCR. b Morphological changes in miR-153

overexpressed cells. c Reduction of invasion caused by expression of

miR-153. d Overexpression of miR-153 resulted in a significant

decrease in migratory ability of MCF-7 and MDA-MB-231 cells.

e Ectopic expression of miR-153 on the proliferation in MCF-7 (left

panel) and MDA-MB-231 (right panel) cells is shown as growth

curve. f Overexpression of miR-153 on the clonogenic ability of

MCF-7 cells. The upper panel illustrates the number of colonies

formed, and the lower panel represents dishes by colony formation

assay. *P \ 0.05, **P \ 0.01

Breast Cancer Res Treat (2015) 150:501–509 505

123



dependently restored MTDH expression (Fig. 5c). To confirm

that MTDH was the direct target of miR-153, we introduced

MTDH 30-UTR and corresponding mutant counterparts into

pGL3 luciferase reporter vector (Fig. 5d). miR-153 overex-

pression reduced luciferase activity in cells transfected with

the wild-type 30-UTR of MTDH but not in cells with mutant

30-UTR in MCF-7 cells (Fig. 5e).

Exogenous MTDH overturned the inhibitory effects

of miR-153 on breast cancer cells

We established four stable subgroups of cells and measured

the expression levels of miR-153 and MTDH by qPCR. As

shown in Fig. 6a, we successfully established these four

subgroups of cells for rescue experiment. We then

Fig. 3 Ectopic expression of

miR-153 induced

mesenchymal-to-epithelial

transformation. a E-cadherin

and vimentin

immunofluorescence in MCF-7

cells. b Expression of

E-cadherin and vimentin in

MCF-7 and MDA-MB-231 cells

by Western blot. c Ectopic

expression of miR-153 inhibited

the expression of EMT-

associated genes. *P \ 0.05,

**P \ 0.01

Fig. 4 miR-153 was negatively

correlated with MTDH in cell

lines and clinical samples.

a Diagram represents the

relative miR-153 and MTDH

mRNA expression levels in

breast cancer cells. b 1

Expression of MTDH in MCF-7

cells, 2 negative normal sample

for MTDH expression, 3 weak

positive tumor sample for

MTDH, and 4 example of strong

immunoreactivity for MTDH.

c miR-153 was downregulated

in breast cancer tissues

(MTDHlow vs. normal,

P \ 0.01; MTDHhigh vs.

normal, P \ 0.01; MTDHlow vs.

MTDHhigh, P \ 0.05). d In

breast cancer tissues, lower

miR-153 expression was

accompanied with higher

immunostaining of MTDH
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attempted to test whether restoration of MTDH could re-

verse the miR-153-mediated inhibition of invasion ability

of breast cancer cells. As shown in Fig. 6b, overexpression

of MTDH with a cDNA without 30-UTR could partially

abrogate the miR-153-mediated suppression of the migra-

tion and invasion of breast cancer cells.

Discussion

Accumulating studies have reported that miRNAs are

aberrantly expressed in many types of human cancers.

miRNAs are emerging as master regulators of tumori-

genesis and have also been linked to the control of EMT in

the development of cancer through regulation of tran-

scription network [14, 15]. For example, members of the

miR-200 family play key roles in mediating the effects of

TGF-b and other EMT regulators by targeting ZEB1 and

ZEB2 [16, 17].

In a previous study, a comprehensive screening ap-

proach combined the analysis of the dysregulation of

miRNAs in a natural epithelial–mesenchymal phenotype

pair of cell lines and TGF-b-induced EMT models. Results

indicated that aberrantly expressed miR-153 played an

important role in obtaining or maintaining EMT status [18].

In another report, the downregulation of miR-153 is shown

to be a frequent event in certain types of tumors [19]. In the

present study, the introduction of miR-153 overexpression

was able to significantly suppress cell proliferation and

reduce clonogenic ability in two breast cancer cell lines.

Moreover, the overexpression of miR-153 in MCF-7 cells

resulted in markedly decreased invasive behavior. All these

observations demonstrated that ectopic expression of miR-

153 could significantly inhibit tumor growth and impair the

migration and invasion of breast cancer cells.

Studies have revealed a tendency toward the down-

regulation of miR-153 in relation to lymph node metastasis

in ovarian epithelial tumors [19]; thus, downregulated miR-

153 may be a useful marker for the differentiation of ma-

lignant serous tumors from serous borderline tumors [19,

20]. Nevertheless, the role of miR-153 in EMT is less in-

vestigated. In the present work, miR-153 overexpressed

MCF-7 cells exhibited a more epithelial-shaped phenotype,

increased E-cadherin expression, and decreased vimentin

expression. EMT-associated transcription factors tested,

including TWIST, ZEB2, ERG, Notch1, and SNAI1, were

also downmodulated by miR-153 overexpression,. These

data provided new evidence that miR-153 inhibited EMT

breast cancer cells.

Overexpression of MTDH promoted metastatic seeding

as well as the chemoresistance of breast tumors and was

correlated with poor prognosis in breast cancer patients.

miR-375 and miR-145 could concurrently regulate the

expression level of MTDH [21]. Thus, we speculated that

the downregulation of miR-153 may account for the

overexpression of MTDH in breast cancer as an alternative

mechanism distinct from 8q22 gain. In the current study,

we found that overexpression of miR-153 in breast cancer

cells significantly suppressed MTDH in vitro, so we used

bioinformatic strategy to reveal that MTDH was a par-

ticular candidate target of miR-153. miR-153 overexpres-

sion reduced luciferase activity in cells transfected with the

wild-type 30-UTR of MTDH. By contrast, overexpression

of MTDH with a cDNA without 30-UTR could partially

abrogate miR-153-mediated suppression of the migration

and invasion of breast cancer cells.

Taken together, our results indicated that MTDH was a

direct downstream target of miR-153 and was involved in

the miR-153-induced suppression of the migration and

invasion in breast cancer cell. The miR-153/MTDH link

may possibly play roles in breast cancer as markers of

metastasis and prognostic factors. Furthermore, these

Fig. 5 Oncogene MTDH was specifically targeted by miR-153.

a Alignment of miR-153-targeting sequences located in the 30-UTR of

the MTDH genes from 15 organisms; evolutionarily conserved

nucleotides are highlighted in white. b miR-153 overexpression

reduced MTDH protein expression in MCF-7 and MDA-MB-231

cells. c Different concentrations of miR-153 inhibitor transfection

gradually increased MTDH expression in MCF-7 cells. d Sequences

of wild type and mutant 30-UTR showed the segments cloned into

luciferase reporter plasmid. e Overexpression of miR-153 suppressed

MTDH 30-UTR luciferase activity. **P \ 0.01
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results provided insight into the potential therapeutic value

of miR-153 in reducing cancer invasion and metastasis.

Nevertheless, these data should be further validated by

independent cohorts and prospective trials.
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