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Abstract. Breast cancer is a malignant tumor with the highest 
incidence among women. Breast cancer metastasis is the major 
cause of treatment failure and mortality among such patients. 
MicroRNAs (miRNAs) are a class of small molecular non-
coding regulatory RNAs, which act as oncogenes or tumor 
suppressors in breast cancer. miRNA-10b has been found to 
exhibit a high expression level in advanced and metastatic 
breast cancer, and is closely related to breast cancer metas-
tasis. An miRNA sponge is an mRNA with several repeated 
sequences of complete or incomplete complementarity to the 
natural miRNA in its 3' non-translating region. It acts as a 
sponge adsorbing miRNAs and ensures their separation from 
their targets and inhibits their function. The present study 
designed a sponge plasmid against miRNA-10b and transiently 
transfected it into high and low metastatic human breast 
cancer cell lines MDA-MB-231 and MCF-7, and analyzed the 
effects of the miRNA-10b sponge on the growth and prolif-
eration, migration and invasion in these cell lines. qRT-PCR 
results found that the sponge plasmid effectively inhibited the 
expression of miRNA-10b, and upregulated the expression of 
the miRNA-10b target protein HOXD-10. The results from the 
CCK-8 assay found that the miRNA-10b sponge inhibited the 
growth of breast cancer cell lines MDA-MB-231 and MCF-7. 
Results of the plate cloning experiments indicated that the 
miRNA-10b sponge suppressed the colony formation of the 
MDA-MB-231 and MCF-7 cells. The results of wound healing 
and Transwell assays showed that the miRNA-10b sponge 
inhibited the migration and invasion of the breast cancer cell 
lines MDA-MB-231 and MCF-7. Our results demonstrated 

that the miRNA-10b sponge effectively inhibited the growth 
and proliferation of breast cancer MDA-MB-231 and MCF-7 
cells. In addition, it also restrained the migration and invasion 
of human highly metastatic breast cancer MDA-MB-231 cells.

Introduction

Breast cancer has the highest incidence among all female 
malignant tumors. The incidence of breast cancer has an 
increasing trend in China (1). The etiology of breast cancer is 
associated with family genetic factors, estrogen levels, gene 
mutations and lifestyle (2). Metastasis is a major cause of treat-
ment failure and ultimate death from breast cancer. The exactly 
mechanism of breast cancer metastasis remains unclear.

MicroRNAs (miRNAs) are a class of small molecular 
non-coding regulatory RNAs which act as oncogenes or tumor 
suppressors in breast cancer. Biagioni et al (3) and Iorio et al 
(4) found that miRNA-10b displayed a high expression level 
in advanced breast cancer, and may be used as a character-
istic molecular marker in early breast cancer metastasis. The 
miRNA-10b gene is located at the homeobox D10 (HOXD10) 
gene cluster on chromosome 2q31.1 and is located in the 
interval between HOXD-4 and HOXD-8 (3). Ohuchida et al 
suggested that the main target gene of miRNA-10b, HOXD10, 
could inhibit metastasis in a variety of solid tumors. In breast 
cancer, miRNA-10b is highly expressed in metastatic breast 
cancer and is also strongly associated with distant metas-
tasis (5). Compared with healthy volunteers or lymph node 
metastasis-negative (N0) breast mammary carcinoma patients, 
the miRNA-10b level was found to be significantly increased 
in the blood circulation of patients with lymph node metastatic 
mammary ductal carcinoma. This suggests that miRNA-10b 
may serve as a marker to detect lymph node metastasis in 
breast cancer patients (6). Ma et al found that miRNA-155, 
miRNA-9a and miRNA-10b were highly expressed in breast 
cancer cell lines, while only miRNA-10b had specific high 
expression in metastatic breast cancer cell lines. Moreover, 
ectopic expression of miR-10b conferred invasiveness to the 
non-invasive breast cancer cell line SUM149 and also induced 
metastasis in the invasive but non-metastatic breast cancer cell 
line SUM159. These results revealed that miRNA-10b acts 
as a potent pro-metastatic agent (7). Ma et al confirmed that 
chemically modified nucleotides may silence the expression 
of miRNA-10b to increase the expression of its target gene 
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HOXD-10 and inhibit the distant metastasis of breast cancer in 
nude mice (8). Taken together, miRNA-10b displays superior 
application prospect for use as a molecular target for breast 
cancer treatment.

The miRNA sponge technology was invented by 
Ebert et al in 2007 (9), whereby long-term miRNA activity can 
be inhibited. The miRNA sponge is the mRNA that contains 
several repeated sequences of complete or incomplete comple-
mentarity to the natural miRNA 3' non-translating regions. It 
can act as a sponge adsorbing miRNAs and separating them 
from their targets. Due to the binding to the specific ʻseedʼ 
sequences of miRNAs, the sponge can block an entire family 
of miRNAs with a common ʻseedʼ sequence (7,10,11). The 
sponge 3' non-translating region contains a number of miRNA 
target anchor points, which have some mismatch on cutting 
sites in the RNA-induced silencing complex (RISC). Thus, 
the sponge mRNA can combine with RISC tightly and not be 
degraded (12,13). The natural target mRNAs can relieve the 
inhibition of miRNAs. The miRNA sponge is constructed on 
a plasmid or virus expression vector with CMV or U6 strong 
promoter and 2-8 miRNA targeting complementary sequences 
were inserted at the cloning sites. The recombinant vector is 
transfected into cells or injected into animals to express the 
miRNA sponge (6,10). Stable miRNA sponge-expressing 
cell lines or animal strains can be obtained by screening. 
Using the technique of miRNA sponge, it was confirmed that 
the miRNA-15/16 family functions as a tumor-suppressor 
gene (10).

miRNA-10b is closely associated with metastatic breast 
cancer, however, to the best of our knowledge no study has 
reported the biologic activity of the entire miRNA-10b family 
on the inhibition of the proliferation and metastasis of breast 
cancer. In the present study, we constructed the miRNA-
10b sponge and transfected it into breast cancer cell lines 
MDA-MB-231 and MCF-7. Its effects on the proliferation 
and metastasis of the breast cancer cells were observed. Our 
results may provide further clues of breast cancer metastasis.

Materials and methods

Sponge design and construction of the recombinant plasmid. 
The miRNA-10b sponge was designed according to a previous 
design principle (7,11), and the hsa-miRNA-10b-5P sequence 
was provided by miRNABase database (http://www.mirbase.
org), and was synthesized by Shanghai Integrated Biotech 
Solutions Co., Ltd. The mature hsa-miRNA-10b-5P sequence 
was: 5'-UACCCUGUAGAACCGAAUUUGUG-3'.

The ʻbulgeʼ combination sequence for mature miRNA-10b 
sequence was:

The sequence of the whole miRNA-10b sponge with eight 
repeat sequences was: 5'-GAATTCCACAAATTCGGAGAA 
CAGGGTACACAAATTCGGAGAACAGGGTACACAAAT 
TCGGAGAACAGGGTACACAAATTCGGAGAACAGGGT 
ACACAAATTCGGAGAACAGGGTACACAAATTCGGAG 
AACAGGGTACACAAATTCGGAGAACAGGGTACACA 

AATTCGGAGAACAGGGTAGGATCCGCCC-3'. Over-
expression of the hsa-miRNA-10b-5P target sequence was: 
5'-TACCCTGTAGAACCGAATTTGTG-3'.

Hsa-miRNA-10b-5P sponge eukaryotic expression vector 
and eukaryotic expression vector of hsa-miRNA-10b-5P were 
constructed by Shanghai Integrated Biotech Solutions Co., 
Ltd., and the two vectors were carried with eGFP.

Cell groups. Human breast cancer cell lines MDA-MB-231 
and MCF-7 were divided into four groups: control (MOCK), 
miRNA-10b sponge (miRNA-10b sponge), miRNA-10b mimic 
transfection (miRNA-10b) and miRNA-10b empty plasmid of 
the transfection group (miRNA-10b NC).

Cell culture. Human breast cancer cell lines MDA-MB-231 and 
MCF-7 were cultured in Dulbecco's modified Eagle's medium 
(DMEM) with 10% fetal bovine serum (FBS), 100 U/ml peni-
cillin, and 100 µg/ml streptomycin and maintained at 37˚C in 
5% CO2.

Detection of RNA levels of miRNA-10b and HOXD-10. After 
the breast cancer MDA-MB-231 and MCF-7 cells were tran-
siently transfected with miRNA-10b and the miRNA-10b 
sponge for 48 h using Lipofectamine 2000 liposome (cat. 
no. 11668-019; Invitrogen, New York, NY, USA), the mRNA 
levels were detected with qRT-PCR.

miRNA-10b and U6 primers were purchased from 
Guangzhou RiboBio Co. (Guangzhou, China). Hoxd-10 and 
GAPDH primers were designed and synthesized by Sangon 
Bioengineering (Shanghai) Co., Ltd.

The sequence of the primers were: Hoxd-10 (forward 
primer, 5'-CTGTCATGCTCCAGCTCAACCC-3' and reverse 
primer, 5'-CTAAGAAAACGTGAGGTTGGCGGTC-3'); 
GAPDH (forward primer, 5'-TGACTTCAACAGCGACAC 
CCA-3' and reverse primer, 5'-CACCCTGTTGCTGTAGCC 
AAA-3').

The reverse transcription reaction system of miRNA-10b 
consisted of: RNA template 1 µg, Bulge-Loop™ miRNA 
qRT-PCR Starter kit (cat. no. MQP-0102; RiboBio) (5 µM) 
1 µl, 2.5X reverse transcription mix 4 µl, RNase-free H2O 
up to 10 µl. The reaction conditions consisted of: 42˚C for 
60 min→70˚C for 10 min→4˚C ∞. The real-time quantitative 
PCR reaction system of miRNA-10a and -10b consisted of: 2X 
SYBR-Green Mix 10 µl, reverse transcription product 2 µl, 
miRNA forward primer (10 µM) 0.8 µl, miRNA reverse primer 
(10 µM) 0.8 µl, Super Pure H2O up to 20 µl; the reaction condi-
tions consisted of: 95˚C for 10 min→ (95˚C for 2 sec→58˚C for 
30 sec) x 40 cycles→37˚C for 30 sec.

The reverse transcription reaction system of Hoxd-10 
consisted of: 5X PrimeScript RT Master Mix (cat. 
no. DRR037A; Takara, Japan) 2 µl, total RNA 1 µg, RNase-
free dH2O up to 10 µl. The reaction conditions consisted 
of: 37˚C for 15 min→85˚C for 5 sec→4˚C ∞. The real-time 
quantitative PCR reaction system of Hoxd-10 consisted of: 
2X FastStart Universal SYBR 10.0 µl, Green Master ROX 
(cat. no. 04913850001; Roche, USA) 0.1 µl, forward primer 
(12.5 µM) 0.8 µl, reverse primer (12.5 µM) 0.8 µl, cDNA 
template 1.0 µl, Super Pure H2O up to 20 µl. The reaction condi-
tions consisted of: 95˚C for 30 sec→ (95˚C for 5 sec→60˚C for 
34 sec) x 40 cycles→37˚C for 30 sec.
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Each well in these experiments had three repeated wells 
and every experiment was repeated three times. The 2-ΔΔCq 
analysis method was used to analyze the experimental results. 
The expression of the control group was set to one, and the 
other groups were compared with the control group, and the 
relative expression level of each group was obtained.

Detection of protein levels of HOXD-10. After breast cancer 
cell lines MDA-MB-231 and MCF-7 were transiently trans-
fected with miRNA-10b and the miRNA-10b sponge for 72 h 
using Lipofectamine 2000 liposome, the total protein extrac-
tion and protein concentrations were determined using the 
RIPA kit (cat. no. C1053) and the BCA protein assay kit (cat. 
no. P1510) (both from Applygen Technologies Inc., Peking, 
China). The total protein was electrophoresed with 12% 
SDS-PAGE at a constant 120 V to the bromophenol blue to gel 
bottom. In addition, semi-dry transfer film at 15 V was used 
for 3 h.

Immunoblotting. According to a conventional method (14), the 
anti HOXD-10 antibody (cat. no. sc-166235; Santa Cruz) was 
diluted at 1:500 and the secondary antibody (cat. no. C2225) 
was diluted at 1:2,000 and labeled with horseradish peroxi-
dase. Detection was carried out using SuperSignal ECL Plus 
(cat. no. P1010) (both from Applygen Technologies Inc.), and 
images were captured using X-ray film. The expression of 
HOXD-10/β-actin protein was analyzed by BandScan5.0.

Analysis of cell growth with the CCK-8 assay. After breast 
cancer cell lines MDA-MB-231 and MCF-7 were transiently 
transfected with miRNA-10b and the miRNA-10b sponge 
for 24, 48 and 72 h using Lipofectamine 2000 liposome, the 
CCK-8 kit (cat. no. CK04-13; Dojindo, Japan) was used to 
detect cell growth ability (15); each group had three repeat 
wells and the experiment was repeated three times.

 Survival rate (%) = Aexperimental group - Ablank group/Acontrol group - 
 Ablank group x 100

Inhibition rate (%) = 1 - survival rate

Effects of the colony formation of MDA-MB-231 and MCF-7 
cells. After breast cancer cell lines MDA-MB-231 and 
MCF-7 were transiently transfected with miRNA-10b and the 
miRNA-10b sponge for 24 h using Lipofectamine 2000 lipo-
some, the proliferation ability of the breast cancer cells was 
analyzed with flat plate cloning experiments (16,17). The cells 
were adjusted to 1,000/ml and seeded on a 6-well culture plate 
and the culturing was continued for 10 days until the clones 
could be observed using the naked eye (>60 cells/clone). The 
cells were then fixed with methanol for 20 min washed with 
PBS twice. Finally the results were recorded with ChemiDoc 
XRS imaging system. Each group had three repeat wells and 
this experiment was repeated three times. Clone formation 
rate = (clones number/inoculated cell number) x 100%.

Assessment of MDA-MB-231 and MCF-7 cell invasion. After 
breast cancer cell lines MDA-MB-231 and MCF-7 were 
transiently transfected with miRNA-10b and the miRNA-10b 
sponge for 48 h using Lipofectamine 2000 liposome, the 

invasive ability of the cells was evaluated with a Transwell 
assay. The specific operation was carried out according to 
the standard procedure (18,19). Crystal violet staining was 
observed using an optical microscope (magnification, x100), 
and the diameter was randomly selected from four visual field. 
The average value of each field was calculated.

Assessment of the migratory ability of the MDA-MB-231 and 
MCF-7 cells. After breast cancer cell lines MDA-MB-231 and 
MCF-7 were transiently transfected with miRNA-10b and the 
miRNA-10b sponge for 48 h using Lipofectamine 2000 lipo-
some, the migratory ability of the cells was evaluated with a 
wound healing assay. Specific operations were carried out as 
previously described in the literature (20,21). Analysis of cell 
migration was carried out by ImageJ software. In this experi-
ment, each well had three repeat wells and this experiment was 
repeated three times.

Statistical analysis. The experimental results were analyzed 
using SPSS 17.0. The data of the groups were compared with 
the standard deviation (mean ± SD). The average number of 
the two groups was compared with t-test. The average number 
of multiple groups were analyzed by ANOVA, and the test 
level was 0.05.

Results

Reduction in miRNA-10b expression increases HOXD-10 
mRNA expression. The expression of miRNA-10b was analyzed 
by real-time quantitative RT-PCR in the human highly meta-
static breast cancer cell line MDA-MB-231 and the human low 
metastatic breast cancer cell line MCF-7. The results showed 
that the expression of miRNA-10b in the MDA-MB-231 cells 
was 2.23-fold that of the MCF-7 cells (P<0.05), which indi-
cated that the expression level of miRNA-10b in the highly 
metastatic breast cancer MDA-MB-231 cells was relatively 
high (Fig. 1A).

The miRNA-10b mimics and the miRNA-10b sponge 
were transfected into the human highly metastatic breast 
cancer cell line MDA-MB-231 and the low metastatic breast 
cancer cell line MCF-7. The expression level of miRNA-10b 
was detected by real-time qRT-PCR. It increased to 7.07-
fold (P<0.05) and 16.9-fold (P<0.05) or decreased to 50.0% 
(P<0.05) and 3.00% (P<0.05) compared with the miRNA-10 
NC group in the human highly metastatic breast cancer cell 
line MDA-MB-231 and the low metastatic breast cancer cell 
line MCF-7 (Fig. 1B and C). These results demonstrated that 
the miRNA-10b mimics and the miRNA-10b sponge could 
successfully upregulate or downregulate the miRNA-10b 
expression level in these two cell lines.

The real-time qRT-PCR results showed that the mRNA 
expression level of HOXD-10 in the human highly metastatic 
breast cancer cell line MDA-MB-231 was 31.0% of that noted 
in the low metastatic breast cancer MCF-7 cells (P<0.05), 
which indicated that the mRNA expression level of HOXD-10 
was relatively high in the low metastatic human breast cancer 
cell line MCF-7 (Fig. 2A).

The miRNA-10b mimics and the miRNA-10b sponge were 
transfected into the MDA-MB-231 and MCF-7 cell lines. The 
mRNA expression level of HOXD-10 was detected by real-
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time qRT-PCR. Expression of HOXD-10 was decreased to 
4.65% (P<0.05) and 16.9% (P<0.05) or increased to 16.9-fold 
(P<0.01) and 1.53-fold (P>0.05) compared with the miRNA-
10b NC group in the MDA-MB-231 and MCF-7 cell lines, 
respectively (Fig. 2B and C). These results demonstrated that 
the miRNA-10b mimics and the miRNA-10b sponge could 
downregulate or upregulate the HOXD-10 expression level in 
these two cell lines.

Transient transfection of the miRNA-10b sponge upregulates 
the protein expression level of HOXD-10 in the MDA-MB-231 
cells. The HOXD-10 protein expression levels in the human 
highly metastatic breast cancer cell line MDA-MB-231 and 
the human low metastatic breast cancer cell line MCF-7 are 
shown in Fig. 2D-1. The gray scale scanning results indicated 
that the relative protein expression of HOXD-10 in the MCF-7 
cells was 1.47-fold of that noted in the MDA-MB-231 cells 
with the difference being significant (P<0.05; Fig. 2D-2).

The miRNA-10b mimics and the miRNA-10b sponge were 
transfected into the MDA-MB-231 and MCF-7 cell lines. The 
protein expression level of HOXD-10 was detected by western 
blotting. The protein expression level of HOXD-10 was 
decreased to 51.3% (P<0.05) and 20.2% (P<0.05) or increased 
to 1.3-fold (P<0.05) and was 89.1% (P>0.05) compared with 
the miRNA-10b NC group in the MDA-MB-231 and MCF-7 
cell lines, respectively (Fig. 2E and F). These results demon-
strated that the miRNA-10b mimics and the miRNA-10b 
sponge could affect the HOXD-10 protein expression level in 
these two cell lines.

Transient transfection of the miRNA-10b mimic and 
the miRNA-10b sponge affects the proliferation of the 
MDA-MB-231 cells. The survival rate of the breast cancer 
cell line MDA-MB-231 was detected using the CCK-8 kit 
after transient transfection with miRNA-10b, the miRNA-10b 
sponge and miRNA-10b NC. The cell survival rate at three 
time points of 24, 48 and 72 h were determined, respec-
tively. At 24 and 48 h, the three transient transfection groups 
exhibited no change in growth, and there was no significant 
difference compared with their control groups (P>0.05). 
However, at 72 h, the survival rate of the miRNA-10b group 
was 1.20-fold of that noted in its control group (P<0.05) and 
the miRNA-10b sponge group was 78.8% of that noted in its 
control group (P<0.05). miRNA-10b NC did not affect the 
survival rate of the cell line (P>0.05). The results suggest that 
miRNA-10b increased the growth of the MDA-MB-231 cells, 
and the miRNA-10b sponge inhibited the growth of this cell 
line at 72 h (Table I and Fig. 3A). However, the three transfec-
tion treatments did not affect the proliferation of the MCF-7 
cell line (P>0.05; Table I and Fig. 3B).

Transient transfection with the miRNA-10b mimics and 
the miRNA-10b sponge affects the colony formation of 
the MDA-MB-231 cells. After transient transfection with 
miRNA-10b, the miRNA-10b sponge and miRNA-10b NC, 
the proliferation of human breast cancer cell line MDA-MB-
231 was evaluated by a plate clone formation assay. The clone 
formation rate in the miRNA-10b sponge group was 42.8% 
of that noted in the miRNA-10b NC group (P<0.05) and in 

Figure 1. Expression of miRNA-10b after transient transfection with miRNA-10b and the miRNA-10b sponge in MDA-MB-231 and MCF-7 cells. (A) The 
expression of miRNA-10b in the MDA-MB-231 and MCF-7 cells, *P<0.05 vs. MCF-7. (B) The expression of miRNA-10b after transient transfection with 
miRNA-10b and the miRNA-10b sponge in the MDA-MB-231 cells, *P<0.05 vs. miRNA-10b NC; **P<0.01 vs. MOCK. (C) The expression of miRNA-10b after 
transient transfection with miRNA-10b and the miRNA-10b sponge in the MCF-7 cells, *P<0.05 vs. miRNA-10b NC; **P<0.01 vs. miRNA-10b NC.
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the miRNA-10b group the rate was 1.50-fold of that noted in 
the miRNA-10b NC group (P<0.05). These results indicated 
that miRNA-10b and the miRNA-10b sponge had an effect on 
the proliferation of MDA-MB-231 cells (Table II and Fig. 3C). 
The results in MCF-7 cells showed that the miRNA-10b mimic 
and the miRNA-10b sponge did not affect the clone formation 
of the MCF-7 cells (P>0.05; Table II and Fig. 3D).

Transient transfection with the miRNA-10b sponge inhibits the 
invasive ability of the human highly metastatic breast cancer 
cell line MDA-MB-231. The effect on the invasive ability of 
the MDA-MB-231 cells was evaluated with a Transwell assay 
after transient transfection with miRNA-10b, the miRNA-10b 
sponge and miRNA-10b NC. After transient transfection for 
48 h, the cell number that invaded through the Matrigel in 
the miRNA-10b sponge group was 61.2% of that noted in the 
miRNA-10b NC group (P<0.05). The cell number that invaded 
through the Matrigel in the miRNA-10b transfection group was 
1.84-fold of that noted in the miRNA-10b NC group (P<0.05, 

Fig. 4A and B). These results indicated that the miRNA-10b 
sponge inhibited the invasive ability of the MDA-MB-231 
cells and that miRNA-10b could facilitate the invasion of the 
MDA-MB-231 cells. The same experiment was performed 
in the MCF-7 cells. The results showed that the miRNA-10b 
mimic and the miRNA-10b sponge had no effect on the inva-
sive ability of the MCF-7 cells (P>0.05, data not shown).

Transient transfection with the miRNA-10b sponge and 
miRNA-10b affects the migratory ability of the human 
breast cancer cell lines. A wound healing assay was used to 
evaluate the effect miRNA-10b and the miRNA-10b sponge 
on the migratory ability of the human breast cancer cell 
line MDA-MB-231. At 24 h after transient transfection with 
miRNA-10b, the healing percentage was 1.30-fold compared 
to the value of the miRNA-10b NC group (P<0.05); at 48 h 
its healing percentage was 1.26-fold compared to the value 
of the miRNA-10b NC group (P<0.05). At 24 and 48 h after 
transient transfection with the miRNA-10b sponge, the healing 

Figure 2. mRNA and protein expression levels of HOX-10 in the MDA-MB-231 and MCF-7 cells. (A) The mRNA expression of HOXD-10 mRNA in the 
MDA-MB-231 and MCF-7 cells, *P<0.05 vs. MCF-7. (B) The mRNA expression of HOXD-10 after transient transfection with miRNA-10b and the miRNA-
10b sponge in the MDA-MB-231 cells, *P<0.05 vs. miRNA-10b NC; **P<0.01 vs. miRNA-10b NC. (C) The mRNA expression of HOXD-10 after transient 
transfection with miRNA-10b and the miRNA-10b sponge in the MCF-7 cells, *P<0.05 vs. miRNA-10b NC. (D) The protein expression of HOXD-10 in the 
MDA-MB-231 and MCF-7 cells: (D-1) HOXD-10 protein electrophoresis map; (D-2) histogram of the gray values of the relative HOXD-10 protein expres-
sion levels, *P<0.05 vs. MDA-MB-231. (E) The protein expression of HOXD-10 after transient transfection with miRNA-10b and the miRNA-10b sponge 
in the MDA-MB-231 cells: (E-1) HOXD-10 protein electrophoresis map; (E-2) histogram of the gray values of the relative HOXD-10 protein expression 
levels, *P<0.05 vs. miRNA-10b NC. (F) The protein expression of HOXD-10 after transient transfection with miRNA-10b and the miRNA-10b sponge in the 
MCF-7 cells: (F-1) HOXD-10 protein electrophoresis map; (F-2) histogram of the gray values of the relative HOXD-10 protein expression levels, *P<0.05 vs. 
miRNA-10b NC.
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percentage was 87.7 and 67.4% when compared with the value 
of the miRNA-10b NC group (P<0.05). All the above results 
indicated that the miRNA-10b sponge inhibited the migration 
of the MDA-MB-231 cells at 24 and 48 h (Fig. 5A and B).

The same experiment was carried out in the MCF-7 
cells. The results showed that the healing percentages were 
2.98- and 1.66-fold of the value of the miRNA-10b NC group 
at 24 and 48 h after transient transfection with miRNA-10b 

Table II. Effect of the transient transfection of miRNA-10b and the miRNA-10b sponge on the clone formation of the MCF-7 
and MDA-MB-231 cells (mean ± SD).

Cell lines MOCK miRNA-10b miRNA-10b sponge miRNA-10b NC

MCF-7 32.93±1.922 36.2±2.291 29.47±1.060 34.6±2.651
MDA-MB-231 21.533±6.445 35.267±3.153a 10.1±4.133a 23.333±6.191

aP<0.05 vs. miRNA-10b NC.

Figure 3. Effect of the transient transfection of miRNA-10b and the miRNA-10b sponge on the proliferation and clone formation of the MDA-MB-231 and 
MCF-7 cells. (A) Proliferation of the MDA-MB-231 cells after transient transfection with miRNA-10b and the miRNA-10b sponge, *P<0.05 vs. miRNA-10b 
NC. (B) Proliferation of MCF-7 cells after transient transfection with miRNA-10b and the miRNA-10b sponge. (C) Clone formation of the MDA-MB-231 
cells after transient transfection with miRNA-10b and the miRNA-10b sponge: a, the clone formation plate of the MOCK group; b, the clone formation plate of 
the miRNA-10b group; c, the clone formation plate of the miRNA-10b sponge group; d, the clone formation plate of the miRNA-10b NC group; e, histogram 
showing the clone formation in each group, *P<0.05 vs. miRNA-10b NC. (D)  Clone formation of the MCF-7 cells after transient transfection with miRNA-10b 
and the miRNA-10b sponge; a, the clone formation plate of the MOCK group; b, the clone formation plate of the miRNA-10b group; c, the clone formation 
plate of the miRNA-10b sponge group; d, the clone formation plate of the miRNA-10b NC group; e, histogram showing the clone formation in each group.

Table I. Effect of the transient transfection of miRNA-10b and the miRNA-10b sponge on the survival rate of the MCF-7 and 
MDA-MB-231 cells (mean ± SD).

 Plasmid
 ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
 miRNA-10b miRNA-10b sponge miRNA-10b NC
 ------------------------------------------------------------------------------ ----------------------------------------------------------------------------- ------------------------------------------------------------------------------
Cell line 24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h

MCF-7 0.907±0.012 0.97±0.072 1.102±0.145 0.809±0.045 0.836±0.05 0.862±0.02 0.859±0.044 0.919±0.04 1.001±0.12
MDA-MB-231 0.505±0.050 0.562±0.096 0.680±0.045a 0.379±0.065 0.447±0.042 0.459±0.026a 0.489±0.055 0.523±0.067 0.570±0.051

aP<0.05 vs. miRNA-10b NC.
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(P<0.05). At 24 and 48 h after transient transfection with the 
miRNA-10b sponge, the healing percentages were 61.4 and 
56.9% of the value of the miRNA-10b NC group (P<0.05). 

At 24 h after transient transfection with miRNA-10b NC, the 
healing percentage was 41.6% of that in the MOCK group 
(P<0.05); however, there was no significant difference at 48 h 

Figure 4. Effect of the transient transfection of miRNA-10b and the miRNA-10b sponge on the invasive capability of the MDA-MB-231 cells (magnification, 
x100). (A) Images of the cells through Matrigel and stained with crystal violet (magnification, x100) in the Transwell assay in each group. (B) Histrogram 
showing the number of cells that invaded through the Matrigel, *P<0.05 vs. miRNA-10b.

Figure 5. Effect of the transient transfection of miRNA-10b and the miRNA-10b sponge on the migratory capability of the MDA-MB-231 cells (magnification, 
x100). (A) The MDA-MB-231 cell migration of each group in the wound healing assay at different times (magnification, x100). (B) Histogram showing the  
MDA-MB-231 cell migration percentage of each group at different times, *P<0.05 vs. miRNA-10b. (C) The MCF-7 cell migration of each group in the wound 
healing assay at different times (magnification, x100). (D) Histogram showing the MCF-7 cell migration percentage of each group at different times, *P<0.05 
vs. miRNA-10b.
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(P>0.05), which indicated that the transient transfection with 
miRNA-10b NC for 48 h had no effect on the migration of 
the MCF-7 cells. These results indicated that the miRNA-
10b sponge inhibited the migration of the MCF-7 cells after 
transfection at 24 and 48 h; and miRNA-10b could only 
improve the migration of the MCF-7 cells after transfection at 
48 h (Fig. 5C and D).

Discussion

MicroRNAs (miRNAs) are a type of small non-encoding 
RNAs, which regulate gene expression by binding with target 
mRNAs. miRNAs usually bind to the 3' untranslated region 
(3' UTR) of mRNAs of the target and inhibit the translation 
of target proteins (22,23). Each miRNA can have multiple 
target genes, and different miRNAs can also regulate the 
same target gene. Thus, they produce a complex regulatory 
network and finely and precisely regulate the expression of 
function genes (24-26). miRNAs may play an oncogene or 
tumor-suppressor role in tumorgenesis and development, and 
can regulate tumor proliferation, invasion, apoptosis and drug 
resistance (27,28).

In the present study the miRNA-10b sponge was constructed 
containing multiple repeat sequences complementary with the 
seed sequence of miRNA-10. Based on the literature (8,29-
31) and TargetScan predicting, we selected HOXD-10 as the 
research target gene of miRNA-10b, which is relate with tumor 
invasion and metastasis (25,32). miRNA-10b inhibits the tran-
scription of HOXD-10, and consequently, HOXD-10 inhibits 
the metastasis of breast cancer. Thus, the expression level 
of miRNA-10b is closely related to the metastasis of breast 
cancer (7).

The present study clarified that the overexpression of 
miRNA-10b increased the expression level of miRNA-10b 
and decreased the mRNA and protein expression levels of 
HOXD-10; and the miRNA-10b sponge inhibited the expres-
sion level of miRNA-10b and promoted the mRNA and 
protein expression levels of HOXD-10. However, the effect of 
the miRNA-10b sponge on the MDA-MB-231 cells was more 
obvious than that noted on the MCF-7 cells, which may be 
related to the higher background quantity of miRNA-10b in 
MDA-MB-231 cells. These results showed that our designed 
miRNA-10b sponge plasmid containing a bulge sequence was 
a success.

The present study demonstrated that miRNA-10b 
promoted the proliferation of breast cancer cells and this 
promotion was more obvious in the MDA-MB-231 cells than 
that in the MCF-7 cells, which was related with the strong 
proliferation ability of MCF-7 cells and growth in clustering. 
In addition, the miRNA-10b sponge inhibited the proliferation 
and clone formation ability of the MDA-MB-231 cells, which 
may be beneficial for improving the therapy of tumors with 
high expression of miRNA-10b. Ibrahim et al (33) veri-
fied our results. They found that syndecan-1 is a new target 
protein of miRNA-10b. Overexpression of miRNA-10b 
moderately increased the survival rate of MDA-MB-231 cells 
in syndecan-1-depleted cells. These results indicated that 
overexpression of miRNA-10b may increase MDA-MB-231 
cell proliferation. Our results demonstrated that miRNA-10b 
may increase the survival rate of MDA-MB-231 cells from two 

aspects, positive and negative. Whether this effect is associ-
ated with other molecules needs further research.

Metastasis is the main cause of breast cancer treatment 
failure and the majority of these patients succumb to the 
disease due to tumor recurrence and metastasis. Thus, the study 
of breast cancer invasion and metastasis is conducive to the 
clinical treatment of breast cancer to provide an experimental 
basis. Transwell and wound healing assays demonstrated that 
miRNA-10b promoted the invasion and migration of breast 
cancer cells and the miRNA-10b sponge inhibited invasion 
and migration. Our results showed that miRNA-10b-mediated 
breast cancer cell invasion and migration was associated with 
HOXD-10, one of the miRNA-10b target proteins. However, 
Ibrahim et al (33) showed that the influence of miRNA-10b 
on breast cancer cell invasion and migration was associated 
with another target protein, Syndecan-1. Yet, these findings 
suggested that miRNA-10b is closely related to breast cancer 
invasion and migration. For this reason, there have been many 
studies on miRNA-10b. For example, Yigit et al (34) and 
Jin et al (35) used nanoparticles to suppress miRNA-10b and 
to prevent the invasion and metastasis of breast cancer. This is 
a new research hot spot in the field of miRNAs.

miRNA sponge technology was invented nearly 10 years 
ago, yet there are few studies concerning miRNA sponges in 
breast cancer. A recent breast cancer study (36) used a sponge 
plasmid for four miRNAs. The advantage of the miRNA 
sponge is obvious that it can suppress multiple miRNAs at the 
same time, producing a variety of effects. However, this may 
also be a disadvantage. Since an miRNA can regulate multiple 
target proteins, suppression of multiple miRNAs occurs at the 
same time. This will affect the expression of more downstream 
target proteins leading to unexpected side-effects. Therefore, 
we believed that the treatment of tumors with miRNA sponge 
technology should be carried out with caution. We should 
not pursue the aim of inhibiting tumors and at the same time 
suppresing many miRNAs

These studies indicate that miRNA-10b plays an important 
role in the invasion and metastasis of breast cancer. Sponge 
technology is a very effective means of the inhibition of 
miRNAs. Hence, a sponge for miRNA-10b may be an impor-
tant treatment for breast cancer.

In conclusion, in the present study, the miRNA-10b sponge 
was constructed against the seed sequence of miRNA-10b. 
The results demonstrated that the miRNA-10b sponge inhib-
ited the expression of miRNA-10b, reduced the invasion and 
migration ability of breast cancer cells, but also inhibited the 
growth and proliferation of breast cancer cells, which provide 
the experimental basis for the development of miRNA sponge 
technology as a target for breast cancer treatment. At the same 
time, the miRNA sponge is designed for the common ʻseedʼ of 
an miRNA family. It can be used to inhibit the expression of an 
miRNA family and it may have a wider application prospect in 
tumor targeted therapy.
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