


microRNA-34a targets DUSP1 in osteosarcoma

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-20S 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.

and adhesion, miR-34a target genes were Next, we further demonstrated whether DUSP1
searched using the TargetScan (Figure 3A). was a direct target gene of miR-34a via lucifer-
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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-20S 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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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-20S 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 B-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.

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
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cells by downregulation of DUSP1, we cotrans-
fected MG63 with miR-34a mimic and pcDNA3-
DUSP1 and U20S 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-20S cells introduced
with anti-miR-34a and siDUSP1 was significant-
ly reduced by 71.6% and 69.9% (Figure 3E and
3F).
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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-
20S cells transfected with anti-miR-34a and
siDUSP1. Flow cytometry assay showed that
high expression of DUSP1 significantly decre-
ased the cells in the GO/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 GO/G1
phase and increased the cells in the S phase
of U-20S 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
MGG63 cells transfected with miR-34a mimics
significantly, and knockdown of DUSP1 signifi-
cantly augmented the cell apoptosis of U-20S
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-20S 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-
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fected with miR-34a. Thus, Bax, Bcl-2, Cyclin
D1, Cyclin E, E-cadherin and B-catenin were
determined by a Western blot. Our data exhib-
ited thatthe protein levels of Baxand 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 B-catenin were significantly downregulat-
ed when overexpression of miR-34a in MGG3.
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 B-catenin significantly, which were rever-
sed by siDUSP1 transfection in U-20S cells
(Figure 6B).

Discussion

The improvements and early diagnosis in 0OS
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-20S 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-20S cells. Furthermore, high expression of
miR-34a induced cell cycle arrest at GO/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-20S 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
[241]. 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-20S 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 0S. 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 B-catenin
in MG-63 cells, which was reversed by DUSP1
overexpression. Additionally, inhibition of miR-
34adecreased the levels of Baxand E-cadherin,
but increased the level of Bcl-2, Cyclin E, Cyclin
D1 and B-catenin in U-20S 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]. B-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 B-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-
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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.

Disclosure of conflict of interest
None.

Address correspondence to: Yao-Zeng Xu, Depart-
ment of Orthopedics, The First Affiliated Hospital of
Soochow University, 188 Shizi Road, Suzhou
215006, China. Tel: +86-0512-65223637; E-mail:
yaozengxu@126.com; Dong-Tang Yuan, Department
of Orthopedics, Huai'an First People’s Hospital,
Nanjing Medical University, 1 Huanghe West Road,
Huaiyin District, Huai’lan 223300, China. Tel: +86-
0517-80872660; E-mail: yuandongtang@126.com

References

[1] Luetke A, Meyers PA, Lewis |, Juergens H. Os-
teosarcoma treatment-where do we stand? A
state of the art review. Cancer Treat Rev 2014,
40: 523-532.

[2] Mirabello L, Troisi RJ, Savage SA. Osteosarco-
ma incidence and survival rates from 1973 to
2004: data from the surveillance, epidemiolo-
gy, and end results program. Cancer 2009;
115: 1531-1543.

[3] HuX, LiuY, QinC, Pan Z, Luo J, Yu A, Cheng Z.
Up-regulated isocitrate dehydrogenase 1 sup-
presses proliferation, migration and invasion
in osteosarcoma: in vitro and in vivo. Cancer
Lett 2014; 346: 114-121.

[4] Wang L, Yang L, Lu Y, Chen Y, Liu T, Peng Y,
Zhou Y, Cao, Bi Z, LiuT, Liu Z, Shan H. Osthole
induces cell cycle arrest and inhibits migration
and invasion via PTEN/Akt pathways in osteo-
sarcoma. Cell Physiol Biochem 2016; 38:
2173-2182.

[5] Eleutério SJP, Senerchia AA, Aimeida MT, Costa
CMD, Lustosa D, Calheiros LM, Barreto JHS,
Brunetto AL, Petrilli AS. Osteosarcoma in pa-
tients younger than 12 years old without me-
tastases have similar prognosis as adolescent
and young adults. Pediatr Blood Cancer 2015;
62: 1209-1213.

[6] Bielack SS, Marina N, Ferrari S, Helman LJ,
Smeland S, Whelan JS, Reaman GH. Osteosar-
coma: the same old drugs or more? J Clin On-
col 2008; 26: 3102-3103.

[7]1 LiuY, Cheng Z, Pan F, Yan W. microRNA-373
promotes growth and cellular invasion in os-
teosarcoma cells by activation of PISK/AKT-
Rac1-JNK pathway: the potential role in spinal
osteosarcoma. Oncol Res 2017; 25: 989-999.

[8] Zhang Z, Zhang M, Chen Q, Zhang Q. Down-
regulation of microRNA-145 promotes epitheli-

Am J Transl Res 2017;9(12):5388-5399



[9]

[10]

(11]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

[19]

[20]

microRNA-34a targets DUSP1 in osteosarcoma

al-mesenchymal transition via regulating snail
in osteosarcoma. Cancer Gene Ther 2017; 24:
83-88.

Bartel DP. MicroRNAs: genomics, biogenesis,
mechanism, and function. Cell 2004; 116:
281-297.

Garzon R, Marcucci G, Croce CM. Targeting mi-
croRNAs in cancer: rationale, strategies and
challenges. Nat Rev Drug Discov 2010; 9: 775-
789.

Manasa VG, Kannan S. Impact of microRNA
dynamics on cancer hallmarks: an oral cancer
scenario. Tumour Biol 2017; 39: 101042831-
7695920.

Palma Flores C, Garcia-Vazquez R, Gallardo
Rincon D, Ruiz-Garcia E, Astudillo de la Vega H,
Marchat LA, Salinas Vera YM, Lopez-Camarillo
C. MicroRNAs driving invasion and metastasis
in ovarian cancer: opportunities for transla-
tional medicine (review). Int J Oncol 2017; 50:
1461-1476.

Cervantes-Anaya N, Ponciano-Gomez A, Lopez-
Alvarez GS, Gonzalez-Reyes C, Hernandez-Gar-
cia S, Cabanas-Cortes MA, Garrido-Guerrero
JE, Villa-Trevino S. Downregulation of sorting
nexin 10 is associated with overexpression of
miR-30d during liver cancer progression in
rats. Tumour Biol 2017; 39: 101042831769-
5932.

Minami K, Taniguchi K, Sugito N, Kuranaga Y,
Inamoto T, Takahara K, Takai T, Yoshikawa Y,
Kiyama S, Akao Y, Azuma H. MiR-145 nega-
tively regulates Warburg effect by silencing
KLF4 and PTBP1 in bladder cancer cells. Onco-
target 2017; 8: 33064-33077.

Shaker OG, Mohammed SR, Mohammed AM,
Mahmoud Z. Impact of microRNA-375 and its
target gene SMAD-7 polymorphism on suscep-
tibility of colorectal cancer. J Clin Lab Anal
2017.

Tian Y, Zhang YZ, Chen W. MicroRNA-199a-3p
and microRNA-34a regulate apoptosis in hu-
man osteosarcoma cells. Biosci Rep 2014; 34.
Lai M, Du G, Shi R, Yao J, Yang G, Wei Y, Zhang
D, Xu Z, Zhang R, Li Y, Li Z, Wang L. MiR-34a
inhibits migration and invasion by regulating
the SIRT1/p53 pathway in human SW480
cells. Mol Med Rep 2015; 11: 3301-3307.

Wu X, Zhong D, Gao Q, Zhai W, Ding Z, Wu J.
MicroRNA-34a inhibits human osteosarcoma
proliferation by downregulating ether a go-go 1
expression. Int J Med Sci 2013; 10: 676-682.
Yan K, Gao J, Yang T, Ma Q, Qiu X, Fan Q, Ma B.
MicroRNA-34a inhibits the proliferation and
metastasis of osteosarcoma cells both in vitro
and in vivo. PLoS One 2012; 7: e33778.
Tseng SC, Shen TS, Wu CC, Chang IL, Chen HY,
Hsieh CP, Cheng CH. Methyl Protodioscin in-
duces apoptosis in human osteosarcoma cells
by caspase-dependent and MAPK signaling
pathways. J Agric Food Chem 2017; 65: 2670-
2676.

5399

(21]

[22]

(23]

(24]

[25]

(26]

[27]

(28]

[29]

[30]

(31]

Lopes LJ, Tesser-Gamba F, Petrilli AS, de Seix-
as Alves MT, Garcia-Filho RJ, Toledo SR. MAPK
pathways regulation by DUSP1 in the develop-
ment of osteosarcoma: potential markers and
therapeutic targets. Mol Carcinog 2017; 56:
1630-1641.

Keyse SM. Dual-specificity MAP kinase phos-
phatases (MKPs) and cancer. Cancer Metasta-
sis Rev 2008; 27: 253-261.

Wu GS. Role of mitogen-activated protein ki-
nase phosphatases (MKPs) in cancer. Cancer
Metastasis Rev 2007; 26: 579-585.

Wei X, Tang C, Lu X, Liu R, Zhou M, He D, Zheng
D, Sun C, Wu Z. MiR-101 targets DUSP1 to
regulate the TGF-beta secretion in sorafenib
inhibits macrophage-induced growth of hepa-
tocarcinoma. Oncotarget 2015; 6: 18389-
18405.

Wang Q, Shi S, He W, Padilla MT, Zhang L,
Wang X, Zhang B, Lin Y. Retaining MKP1 ex-
pression and attenuating JNK-mediated apop-
tosis by RIP1 for cisplatin resistance through
miR-940 inhibition. Oncotarget 2014; 5: 1304-
1314.

Kunz P, Fellenberg J, Moskovszky L, Sapi Z, Kr-
enacs T, Machado |, Poeschl J, Lehner B, Szen-
droi M, Ruef P, Bohimann M, Bosch AL, Ewer-
beck V, Kinscherf R, Fritzsching B. Improved
survival in osteosarcoma patients with atypical
low vascularization. Ann Surg Oncol 2015; 22:
489-496.

He C, Xiong J, Xu X, Lu W, Liu L, Xiao D, Wang D.
Functional elucidation of MiR-34 in osteosar-
coma cells and primary tumor samples. Bio-
chem Biophys Res Commun 2009; 388: 35-
40.

Wang Z, Zhou JY, Kanakapalli D, Buck S, Wu
GS, Ravindranath Y. High level of mitogen-acti-
vated protein kinase phosphatase-1 expres-
sion is associated with cisplatin resistance in
osteosarcoma. Pediatr Blood Cancer 2008;
51: 754-759.

Sunters A, Thomas DP, Yeudall WA, Grigoriadis
AE. Accelerated cell cycle progression in osteo-
blasts overexpressing the c-fos proto-onco-
gene: induction of cyclin A and enhanced
CDK2 activity. J Biol Chem 2004; 279: 9882-
9891.

Zhao H, Hou W, Tao J, Zhao Y, Wan G, Ma C, Xu
H. Upregulation of IncRNA HNF1A-AS1 pro-
motes cell proliferation and metastasis in os-
teosarcoma through activation of the Wnt/be-
ta-catenin signaling pathway. Am J Transl Res
2016; 8: 3503-3512.

Lu MH, Fan MF, Yu XD. NSD2 promotes osteo-
sarcoma cell proliferation and metastasis by
inhibiting E-cadherin expression. Eur Rev Med
Pharmacol Sci 2017; 21: 928-936.

Am J Transl Res 2017;9(12):5388-5399



