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Abstract 
Background: Osteosarcoma is a high-grade malignant bone neoplasm. Although the 
introduction of chemotherapy has reduced its mortality, more than 50% of patients develop 
chemoresistance and have an extremely poor prognosis due to pulmonary metastasis. Several 
molecular pathways contributing to osteosarcoma development and progression have 
recently been discovered. Various studies have addressed the genes involved in the metastasis 

Methods:
biological programs were used to predict whether MAP2K4

JNK/p38 

signaling pathway were detected using western blot analysis. Results: The luciferase activity 
of the wild-type pGL3-MAP2K4

activity was not inhibited after transfection of the mutant pGL3-MAP2K4

pGL3-MAP2K4
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Thus, MAP2K4

level of phospho-JNK1 and phospho-p38 increased by 25% and 29%, respectively, along with 
the up-regulation of MAP2K4 protein. Conclusion:
27a can function as an oncogene by targeting MAP2K4

MAP2K4 expression, which in turn inhibits cell proliferation 
and migration through the JNK/p38

and may provide new diagnostic and therapeutic options for the treatment of this neoplasia.

Introduction 

Osteosarcoma, which accounts for approximately 60% of malignant bone tumors 

observed in children and adolescents . Osteosarcoma frequently occurs in the long 
bones and preferentially metastasizes to the lung . The treatment for osteosarcoma is 
very challenging. Although the introduction of chemotherapy has reduced the mortality, 
more than 50% of patients who are chemoresistant have an extremely poor prognosis due 

metastatic disease can reach up to 60�70%, while in patients with metastatic disease, it 
. Molecular pathways contributing to osteosarcoma development 

and progression have recently been discovered. Various studies have been carried out to 
investigate the genes that are involved in the metastasis of osteosarcoma . This may 
facilitate better diagnosis, as well as the development of new treatment strategies. Despite 
the molecular alterations that contribute to the metastasis of osteosarcomas, osteosarcomas 
are becoming increasingly understood. However, the highly complex molecular mechanisms 
of metastasis are still poorly understood. Recently, microRNAs have become a new research 

level by inhibiting the translation of an mRNA or by promoting mRNA degradation, are 
. 

. However, most of the biological 
functions of these genes remain unknown, and only a few mRNAs that are directly regulated 

tissues and their normal tissue counterparts have revealed distinct miRNA expression 

Various studies have investigated the role of miRNAs in osteosarcoma using miRNA 

ability of the MG63 osteosarcoma cell line. Kobayashi et al. 

Lulla et al. 
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tumor samples compared to normal osteoblasts. A study by Osaki et al.  showed that 

with atelocollagen. 

in several types of cancers, such as breast cancer , gastric adenocarcinoma  and 
colon cancer 

. However, 

caused profound suppression of metastasis in the MG63 cell line by targeting the tumor 
metastasis suppressor gene mitogen activated protein kinase kinase 4 (MAP2K4), which acts 

of osteosarcoma. 

Materials and Methods

Cell culture and transfection 

MG63 human osteosarcoma cells were obtained from the Cell Bank of Chinese Academy of Sciences 

100 /ml streptomycin. The cells were incubated at 37

CO
4 cells in each well). On the 

Plasmid construction 

Xho  and Bgl restriction sites. The following PCR primers 

CTC GAG

AGA TCT Xho and Bgl  sites are underlined. The construct 

Luciferase reporter assays 

MAP2K4

vector (Ambion, Austin, TX). The resulting plasmid was designated pGL3-MAP2K4

pGL3-MAP2K4

La Jolla, CA). 
5

MAP2K4, a Renilla

Renilla

Renilla luciferase expression for each sample. 
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Knock-down of MAP2K4 in the MG63 cell line 

Cell proliferation assay 

Cell proliferation capacity was evaluated using a methyl thiazole tetrazolium (MTT) assay, as 

previously described 

added to each well, and the cells were incubated for another 4 h at 37 . Optical density (OD) was assessed 

Colony formation assay

Migration and invasion assay 

was incubated at 37 5 cells per well were added to the top chamber of the transwell 

incubation at 37  with 5% CO

independently repeated three times. The procedure for the transwell migration assay was the same as the 

Western blotting analysis 

Statistical analyses 

All data are expressed as the mean ± SD. Differences between the groups were assessed by unpaired, 

t p

Results

Inhibition of miR-27a suppresses proliferation of MG63 cells
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Fig. 1.

proliferation and colony formation of MG63 cells. 

(A) The proliferation of MG63 cells transfected with 

of three replicates (*p<0.05; **p<0.01). (B) Cell 

colony formation was measured using a soft agar 

colony formation assay. (C) The number of colonies 

was counted 14 days after seeding the transfected 

cells. The values represent the mean ± SD of three 

replicates (*p<0.05). 

Fig. 2.

after incubation. The values represent the mean ± SD of three replicates (**p<0.01). 
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Inhibition of miR-27a inhibits the migration and invasion of MG63 cells 

Transwell migration and invasion assays were performed to determine whether 

migration and invasion of osteosarcoma in vitro. 

MAP4K4 silencing prevents the effect of miR-27a Inhibition on MG63 cells

To decrease the expression of MAP2K4, the MG63 cell lines were transfected with 
MAP2K4

MAP2K4
contained substantially lower levels of MAP2K4 protein (Fig. 3 A) than the cells transfected 
with control siRNA.

To evaluate the effects of MAP4K4 on the proliferation, migration and invasion of MG63 
osteosarcoma cells, MTT and transwell assays were performed following the procedures 
described in the Methods section. During this time course, the MG63 cell line showed a 

Fig. 3.

p<0.05; **p<0.01). 

(C) Transwell assays were employed to evaluate the invasive ability of the cells, and quantitative results for 

represent the mean ± SD of three replicates (**p
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siRNA and the cells treated with control siRNA. However, it was observed that knockdown of 

invasion in the MG63 cells (Fig. 3 BC). 

miR-27a directly targets the MAP2K4 3�UTR 

MAP2K4 

MAP2K4 
through the two predicted binding sites, the MAP2K4 
pGL3 vector downstream of the luciferase reporter gene (Fig. 4B). Mutations in the putative 
binding sites were prepared as described in the Materials and Methods section. As expected, 

pGL3-MAP2K4

Fig. 4.

locations of the binding sites in the MAP2K4

the luciferase reporter gene construct containing the MAP2K4 MAP2K4 mRNA 

MAP2K4 pGL3-

MAP2K4

pGL3-MAP2K4

pGL3-MAP2K4

the mean ± SD of three replicates (*p<0.05).
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but the luciferase activity of the mutant pGL3-MAP2K4

pGL3-MAP2K4
vector (Fig. 4D). These results demonstrated that MAP2K4

Inhibition of miR-27a increases the expression of MAP2K4 in MG63 cells 

MAP2K4
inhibitor, and the results showed that the protein level of MAP2K4

MAP2K4 protein 
levels. 

MAP2K4 can regulate various cellular activities such as proliferation, differentiation, 
and apoptosis by activating the JNK/p38 signaling pathway, thus inhibiting tumor metastasis 

JNK1 and p38 

inhibitor, the level of phospho-JNK1 and phospho-p38
along with an increase in the level of MAP2K4
may be involved in the JNK/p38 signaling pathway by affecting MAP2K4 expression.

Discussion

steps during cancer progression. More and more emerging evidence has indicated that 
miRNAs may play regulatory roles in cell proliferation and metastasis of cancer in humans 

. Therefore, to understand the functional mechanism of miRNAs, it is paramount to 
identify the targets that are involved in the regulation process. Recently, overexpression 

. Our study demonstrated that the 

in vitro
role in the development of osteosarcoma. 

including ZBTB10 in breast cancer , gastric cancer  and colon cancer , Sprouty2 
in pancreatic cancer , and FOXO1 in breast cancer MAP2K4 was 

Fig. 5. MAP2K4 expression and enhanced the phosphorylation of JNK1 and 

p38. (A) The protein levels of MAP2K4 and phospho-JNK1/p38 were detected using western blot analysis 

MAP2K4 and 

phospho-JNK1/p38. The values represent the mean ± SD of three replicates (*p<0.05).
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MAP2K4 contained two binding sites that 

decrease in the luciferase activity of the wild type MAP2K4

MAP2K4 and upregulated MAP2K4 
MAP2K4 in 

MG63 cells. 
MAPKs are a family of conserved Ser/Thr protein kinases that transmit extracellular 

signals into the cytoplasm. The different MAPKs can be divided into 3 main subgroups, 
ERK), c-Jun

JNK/SAPK), and p38 . MAP2K4, also known as MKK4, 
can directly phosphorylate JNK or p38 , which contributes to 
tumorigenesis and metastasis . A large body of evidence has indicated the possible 
roles of MAP2K4 in cancer, including pancreatic cancer , ovarian cancer , and 
lung adenocarcinoma . The expression of MAP2K4 was low in the osteosarcoma MG63 
cells, which were examined in this study. 

in MG63 cells using siRNA and assessed cellular proliferation and invasion. The expression 

increased proliferation and invasiveness of the MG63 cell line, as well as neutralized the 

MAP2K4 expression and the phospho-JNK1/p38 levels can be increased 

malignant biological behavior, and a decrease in MAP2K4

of the JNK/p38 pathway. 

targeting MAP2K4
MAP2K4 expression, which in turn inhibits cell proliferation and migration through the JNK/
p38

therapeutic options for treatment of this neoplasia.

None declared. 
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