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and adhesion, miR-34a target genes were 
searched using the TargetScan (Figure 3A). 

Next, we further demonstrated whether DUSP1 
was a direct target gene of miR-34a via lucifer-

Figure 4. Overexpression of DUSP1 reverses the effects of miR-34a on proliferation and cell cycle. After miR-34a-
mediated MG63 cells transfected with pcDNA3-DUSP1 or blank pcDNA3 expression vector and anti-miR-34a-me-
diated U-2OS cells transfected with DUSP1-siRNA (siDUSP1) or negative control siRNA (siControl), the proliferation 
and cell cycle was measured by MTT assay (A, B) and flow cytometry (C, D), respectively. **P<0.01 compared with 
NC. ##P<0.01 compared with miR-34a+Vector or Anti-miR-34a+siControl.
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Figure 5. Overexpression of DUSP1 reverses the effects of miR-34a on cell apoptosis and cell adhesion. After miR-34a-mediated MG63 cells transfected with 
pcDNA3-DUSP1 or blank pcDNA3 expression vector and anti-miR-34a-mediated U-2OS cells transfected with DUSP1-siRNA (siDUSP1) or negative control siRNA 
(siControl), the cell apoptosis and cell motility was measured by flow cytometry (A, B) and adhesion assay (C, D), respectively. **P<0.01 compared with NC. ##P<0.01 
compared with miR-34a+Vector or Anti-miR-34a+siControl.
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ase reporter assay. The 3’UTR of DUSP1 was 
inserted into a luciferase reporter vector with 
or without the mutated miR-34a binding site in 
the 3’UTR of DUSP1. The data displayed that 
highly expression of miR-34a significantly re- 
pressed the luciferase activity of pGL3-DUSP1 
3’UTR WT but not the Mut, demonstrating that 
miR-34a can bind to the 3’UTR of DUSP1 direct-
ly (Figure 3B). 

To investigate whether miR-34a inhibited the 
abilities of proliferation and adhesion of OS 

cells by downregulation of DUSP1, we cotrans-
fected MG63 with miR-34a mimic and pcDNA3-
DUSP1 and U2OS cells with anti-miR-34a and 
siDUSP1. QRT-PCR and Western blotting assay 
observed that the level of DUSP1 on mRNA and 
protein levels in MG63 cells transfected with 
miR-34a and pcDNA3-DUSP1 was increased  
by 1.94- and 1.76-fold significantly (Figure 3C 
and 3D), and that in U-2OS cells introduced 
with anti-miR-34a and siDUSP1 was significant-
ly reduced by 71.6% and 69.9% (Figure 3E and 
3F).

Figure 6. Overexpression of DUSP1 reverses the effects of miR-34a on the protein expressions. After miR-34a-
mediated MG63 cells transfected with pcDNA3-DUSP1 or blank pcDNA3 expression vector (A) and anti-miR-34a-
mediated U-2OS cells transfected with DUSP1-siRNA (siDUSP1) or negative control siRNA (siControl) (B), the protein 
expression of Bax, Bcl-2, Cyclin D1, Cyclin E, E-cadherin and β-catenin was measured by Western blotting. **P<0.01 
compared with NC. ##P<0.01 compared with miR-34a+Vector or Anti-miR-34a+siControl.
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Up-regulation of DUSP1 reverses cell prolifera-
tion and cell cycle induced by miR-34a overex-
pression in osteosarcoma cells

As presented at Figure 4A and 4B, overexpres-
sion of DUSP1 significantly improved the cell 
proliferation of MG63 cells transfected with 
miR-34a, and siRNA silencing of DUSP1 signifi-
cantly decreased the cell proliferation of U- 
2OS cells transfected with anti-miR-34a and 
siDUSP1. Flow cytometry assay showed that 
high expression of DUSP1 significantly decre- 
ased the cells in the G0/G1 phase and enlarged 
the cells in the S phase of MG63 cells trans-
fected with miR-34a, and knockdown of DUSP1 
significantly augmented the cells in the G0/G1 
phase and increased the cells in the S phase  
of U-2OS cells expressing anti-miR-34a and 
siDUSP1 (Figure 4C and 4D). Our data clearly 
showed that miR-34a repressed proliferation 
and prompted cell cycle arrest in osteosarcoma 
cells by down-regulating DUSP1 expression, 
and that decreased DUSP1 expression was 
essential for the inhibition of miR-34a on prolif-
eration and cell cycle in osteosarcoma cells.

Up-regulation of DUSP1 reverses cell apop-
tosis and cell adhesion induced by miR-34a 
overexpression in osteosarcoma cells

Annexin-VFITC/PI staining showed that high 
expression of DUSP1 reduced the apoptosis of 
MG63 cells transfected with miR-34a mimics 
significantly, and knockdown of DUSP1 signifi-
cantly augmented the cell apoptosis of U-2OS 
cells expressing anti-miR-34a and siDUSP1 
(Figure 5A and 5B). The cell adhesion assay 
showed that high expression of DUSP1 ampli-
fied cell adhesion of MG63 cells transfected 
with miR-34a significantly, and knockdown of 
DUSP1 decreased cell adhesion of U-2OS cells 
transfected with anti-miR-34a and siDUSP1 
significantly (Figure 5C and 5D). Our data clear-
ly exhibited that miR-34a prompted cell apopto-
sis and inhibits cell adhesion in osteosarcoma 
cells by down-regulating DUSP1 expression, 
and that decreased DUSP1 expression was 
essential for the promotion of miR-34a on 
apoptosis and decreasing cell adhesion in 
osteosarcoma cells.

Up-regulation of DUSP1 reverses related pro-
tein expression induced by miR-34a overex-
pression in osteosarcoma cells

The proliferation ability, cell cycle and cell adhe-
sion were reduced in osteosarcoma cells trans-

fected with miR-34a. Thus, Bax, Bcl-2, Cyclin 
D1, Cyclin E, E-cadherin and β-catenin were 
determined by a Western blot. Our data exhib-
ited that the protein levels of Bax and E-cadherin 
displayed dramatic up-regulation in miR-34a 
group than those in NC (Figure 6A). However, 
the protein levels of Bcl-2, Cyclin D1, Cyclin E, 
and β-catenin were significantly downregulat- 
ed when overexpression of miR-34a in MG63. 
Interestingly, overexpression of DUSP1 rever- 
sed the effect of miR-34a on these protein 
expressions in MG63 cells. In addition, anti-
miR-34a reduced the levels of Bax and E- 
cadherin, but improved Bcl-2, Cyclin D1, Cyclin 
E, and β-catenin significantly, which were rever- 
sed by siDUSP1 transfection in U-2OS cells 
(Figure 6B). 

Discussion

The improvements and early diagnosis in OS 
cure has certainly improved the survival of OS 
patients in the past decade [26]. Targeted ther-
apies designed against molecules participating 
in the pathogenesis of cancer were reported as 
effective ways in cancer recently. Our study dis-
played that miR-34a expression inhibited the 
proliferation and adhesion but induced the cell 
cycle arrest and apoptosis of the MG63 cells. 
Inhibition of miR-34a increased proliferation 
and adhesion but suppressed the cell apopto-
sis of the U-2OS cells. Moreover, we found that 
miR-34a played as a new tumor-suppressor via 
directing DUSP1. 

Growing evidences have presented that miR-
NAs are often deregulated in a many cancers 
[11, 13]. We chose miR-34a not only because 
findings verified that the level of miR-34a was 
reduced in OS tissues as compared to adjacent 
normal tissues [18], but the induction of cell 
cycle arrest and apoptosis by miR-34a was also 
mediated by p53 [27]. Reports have indicated 
that miR-34a might function as a new tumor 
suppressor in OS. Unrestrained cell prolifera-
tion and hostile metastasis are vital stages for 
cancer progression. Thus, in this study we 
explored the functions of miR-34a on OS cell 
proliferation and adhesion. We demonstrated 
that overexpression of miR-34a decreased the 
cell proliferation and adhesion of MG63 cells 
significantly, and knockdown of miR-34a mark-
edly increased the proliferation and adhesion 
of U-2OS cells. Furthermore, high expression of 
miR-34a induced cell cycle arrest at G0/G1 
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phase and apoptosis of MG63 cells significant-
ly, and knockdown of miR-34a markedly decre- 
ased cell apoptosis of U-2OS cells. These out-
comes show that miR-34a plays an vital portion 
in the progress of OS, which in line with the pre-
vious studies [16, 18, 19]. 

Recognizing the miR-34a-targeting genes pro-
vide molecular base for exploration of regula-
tory mechanisms of miR-34a. Through Target- 
Scan 5.1, DUSP1, which has multipotent roles 
in cancer progression, was found as a target 
gene of miR-34a. Recently, it has been shown 
that high DUSP1 expression is related to 
decreased sensitivity to cisplatin-induced cell 
death [28] and the reduction of DUSP1 gene 
expression resulted in reduced cell prolifera-
tion, migration and invasion abilities in OS cells 
[21]. Consistently, our study showed that high 
expression of DUSP1 significantly inhibited 
miR-34-induced the decreased cell prolifera-
tion and adhesion and the stimulation of cell 
cycle arrest and cell apoptosis of MG63 cells, 
but inhibition of DUSP1 markedly inhibited anti-
miR-34-induced the increased cell proliferation 
and adhesion and reduction of cell apoptosis of 
U-2OS cells.

Since DUSP1 has been associated a several 
cell processes in cancer, we decided to deepen 
our research about the role of DUSP1 in the  
OS pathogenesis. After DUSP1 overexpressing 
and silencing in OS cell lines, we observed that 
DUSP1 is elaborate in cell cycle-, apoptosis- 
and adhesion-related proteins in OS. Overex- 
pression of miR-34a increased the levels of 
Bax and E-cadherin, but decreased the expres-
sion of Bcl-2, Cyclin E, Cyclin D1 and β-catenin 
in MG-63 cells, which was reversed by DUSP1 
overexpression. Additionally, inhibition of miR-
34a decreased the levels of Bax and E-cadherin, 
but increased the level of Bcl-2, Cyclin E, Cyclin 
D1 and β-catenin in U-2OS cells, which was 
reversed by DUSP1 gene silencing. We have 
previously demonstrated high expression of the 
Cyclin E and Cyclin D1 in c-Fos transgenic 
osteosarcomas affected cell cycle progression 
and differentiation [29]. β-catenin pathway 
activator could increase cell proliferation and 
metastasis of OS cells [30], while inhibition of 
E-cadherin promotes osteosarcoma cell prolif-
eration and metastasis [31], suggesting a neg-
ative role between β-catenin and E-cadherin in 
cell proliferation and invasion of OS cells. 

In conclusion, our esults verified that miR-34a 
has crucial functionson the proliferation, apop-

tosis and adhesion of OS cells. High expression 
of miR-34a repressed DUSP1, suggestive of 
that miR-34a functions as an novel and im- 
portant tumor suppressor might via targeting 
DUSP1 in osteosarcoma.
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