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Effects of Overexpression of DLX1 on Migration, Invasion, Apoptosis and

Proliferation in Osteosarcoma Cell MG63
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Abstract To investigate the effects of overexpression of DLX/ (distal-less homeobox 1) on migration,
invasion, apoptosis and proliferation of osteosarcoma cell MG63, we infected the MG63 cells with AdDLX1
(adenovirus distal-less homeobox 1) and AARFP (adenovirus red fluorescence protein). Then the expression level
of DLX1 was confirmed by RT-PCR and Western blot. The cell migration and invasion were analyzed by Transwell
assay. DAPI staining and flow cytometry were used to detect the cell apoptosis. The cell proliferation was detected

by CCK-8 assay. The expression of -catenin, a crucial molecule in Wnt/B-catenin pathway, was determined by
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RT-PCR and Western blot. The results showed that the mRNA and protein levels of DLX1 were siginificantly

increased after infection with AdDLX1, and the capacities of cell migration and invasion were down-regulated.

Overexpression of DLX1 could not change the apoptosis and proliferation of MG63 cells. The expression of

B-catenin mRNA and protein levels were up-regulated in MG63 cells. These results suggested that the Wnt/B-catenin

pathway which involved in the migration and invasion of MG63 cells was inhibited by DLX1.
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Fig.1 Amplificated AdDLX1 and AdRFP in HEK293 cells
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Fig.2 Fluorescent intensity of MG63 cells after infected with Adnovirus
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Fig.3 The mRNA and protein levels of DLX1 in MG63 cells
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groups; D: the invasion ability of DLX1 group; E: the migration ability of RFP group; F: statistical analysis of the number of transmembrane cells in C
and D groups. *P<0.05 vs RFP group.
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Fig.4 The abilities of cell migration and invasion of DLX1 and RFP groups
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A,C: the apoptosis rate of DLX1 group; B,D: the apoptosis rate of RFP group; E,F: flow cytometry were used to evaluate the cell apoptosis of MG63
cells infected by AADLX1 and AdRFP; G: cell apoptosis rate of E and F groups.
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Fig.5 The evaluation of the cell apoptosis of DLX1 group and RFP group
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Fig.6 Cell proliferation test by CCK-8 assay
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Fig.7 The pB-catenin mRNA and protein levels of DLX1 and RFP groups

AJ R R R I e, ik — iR R TT
R BRI . T84, DLX 1 R & P
I AR Z2 A 2 S X RS 5 I8 R e e 2

RN TE 5> T WU G FRATT R B0, B PR 988 40
MG63 "' DLX1 7 &35 J&, HiB-catenin 'y mRNA R £
H K12 2. Wnt/B-cateninfs 5 18 #% & MR JIG &
B I 75 WS 5 d g, (R E IR (R B AR I
KAEREBES SEEEMAIS, BAr, BT
Wnt/B-cateninf{z 5 18 1 XJ 1 PR AL 0 5 AT s e (1)
IEAFAEA R A ARG A, Wnt/B-cateninfF
51 B R AL TR RS, 8 Wnt/B-catenin
5 IE % e 4 R R A W A AT R, (]
T 2SR I 90 45 SRR BH, B00E Wint/B-catenin 5 5 18
% BE 1) B PR A A AR 2 AT RN R
W TN A T BH, B-cateninid 3k v 01 #1) H A R
ML TESS LA AR 28 /8 /1%, 8.2, Wnt/B-catenin
& 5l S AEDLX 1k 30K % B PR L A% AR 22 [ 410
il v B BARAE LG Rt — IR T

25 b P iR, DLX 1 3 2k w] 40 HIMG634H i iT
Az 28, AREZH W20 R B3 AL 5 Wt/
B-cateninf 5 1M B AH ¢, H2 N KMt — P FLDLX1
5 Wnt/B-catenin{s 538 2% 1) 70 AL, DU B
AR ) 70 TR T SR ST i L

BEH (References)

Osborne TS, Khanna C. A review of the association between
osteosarcoma metastasis and protein translation. ] Comp Pathol
2012; 146(2/3): 132-42.

Perkins SM, Shinohara ET, DeWees T, Frangoul H. Outcome for
children with metastatic solid tumors over the last four decades.
PLoS One 2014; 9(7): e100396.

Kager L, Tamamyan G, Bielack S. Novel insights and therapeutic
interventions for pediatric osteosarcoma. Future Oncol 2017;
13(4): 357-68.

Doll¢ P, Price M, Duboule D. Expression of the murine DIx-1
homeobox gene during facial, ocular and limb development.
Differentiation 1992; 49(2): 93-9.

Li H, Marijanovic I, Kronenberg MS, Erceg I, Stover ML,
Velonis D, et al. Expression and function of DIx genes in the
osteoblast lineage. Dev Biol 2008; 316(2): 458-70.

Chiba S, Takeshita K, Imai Y, Kumano K, Kurokawa M, Masuda
S, et al. Homeoprotein DLX-1 interacts with Smad4 and blocks
a signaling pathway from activin A in hematopoieticcells. Proc
Natl Acad Sci USA 2003; 100(26): 15577-82.

Chan DW, Hui WW, Wang JJ, Yung MM, Hui LM, Qin Y, et al.
DLX1 acts as a crucial target of FOXM1 to promote ovarian
cancer aggressiveness by enhancing TGF-beta/SMAD4 signaling.
Oncogene 2017; 36(10): 1404-16.

Starkova J, Gadgil S, Qiu YH, Zhang N, Hermanova I, Kornblau
SM, et al. Up-regulation of homeodomain genes, DLX1 and
DLX2, by FLT3 signaling. Haematologica 2011; 96(6): 820-8.
Longhi A, Errani C, De Paolis M, Mercuri M, Bacci G. Primary
bone osteosarcoma in the pediatric age: State of the art. Cancer
Treat Rev 2006; 32(6): 423-36.

Williams SA, Maecker HL, French DM, Liu J, Gregg A,



1172

BRI -

Silverstein LB, et al. USP1 deubiquitinates ID proteins to
preserve a mesenchymal stem cell program in osteosarcoma. Cell
2011; 146(6): 918-30.

Tang N, Song WX, Luo J, Haydon RC, He TC. Osteosarcoma
development and stem cell differentiation. Clin Orthop Relat Res
2008; 466(9): 2114-30.

BN R, B b, PO, e B, B R 4. sIRNAVTER
Td1HE DR/ B PR 0 MOS8 T S8 S T s . e/
JLAMEE44 & (Die Xiaohong, Luo Qing, Bi Yang, Luo Guangjin,
Qiu Chao, Kang Qu, et al. Effects of 1dl knockdown by small
interfering RNA on cell proliferation, migration and apoptosis of
murine osteosarma cells. Chinese Journal of Pediatric Surgery)
2015; 36(3): 220-5.

flo o, BB BN, BOE, BRE, BOIR, 4L 1d1E
BRL X N B PR 96 00 20 1P 00 ) i o AR B S L B =
& K% %4 (Qiu Chao, Kang Quan, Die Xiaohong, Luo
Guangjin, Lii Fengxiang, Luo Qing, et al. Effect of Id1 gene on
proliferation, migration, invasion and osteogenic differentiation
of osteosarcoma cells. Journal of the Third Military Medical
University) 2016; 38(4): 344-9.

Sabdia TM, Reis MF, Martins AM, Romanos HF, Tannure PN,
Granjeiro JM, et al. DLX1 and MMP3 contribute to oral clefts
with and without positive family history of cancer. Arch Oral
Biol 2015; 60(2): 23-8.

“F3CUR. DLX 10 BMPO 5 3 ) 1] 78 5 -4 L Bl 73 P ) S
K X B K 2% (Wang Wenjuan. Effect of DLX1 on osteogenic
differentiation of BMP9-induced mesenchymal stem cells.
Chongqing Medical University), 2014.

16

17

18

19

20

21

22

Li C, Shi X, Zhou G, Liu X, Wu S, Zhao J. The canonical Wnt-
beta-catenin pathway in development and chemotherapy of
osteosarcoma. Front Biosci (Landmark Ed) 2013; 18: 1384-91.
Tang N, Song WX, Luo J, Luo X, Chen J, Sharff KA, et al. BMP-
9-induced osteogenic differentiation of mesenchymal progenitors
requires functional canonical Wnt/beta-catenin signalling. J Cell
Mol Med 2009; 13(8B): 2448-64.

Liu Y, Wang W, Xu J, Li L, Dong Q, Shi Q, et al.
Dihydroartemisinin inhibits tumor growth of human
osteosarcoma cells by suppressing Wnt/p-catenin signaling.
Oncol Rep 2013; 30(4): 1723-30.

McQueen P, Ghaffar Sv, Guo Y, Rubin EM, Zi X, Hoang
BH. The Wnt signaling pathway: Implications for therapy in
osteosarcoma. Expert Rev Anticancer Ther 2011; 11(8): 1223-32.
Cai Y, Mohseny AB, Karperien M, Hogendoorn PC, Zhou
G, Cleton-Jansen AM. Inactive Wnt/beta-catenin pathway in
conventional high-grade osteosarcoma. J Pathol 2010; 220(1):
24-33.

Wan'Y, Zhao W, Jiang Y, Liu D, Meng G, Cai Y. beta-catenin is a
valuable marker for differential diagnosis of osteoblastoma and
osteosarcoma. Hum Pathol 2014; 45(7): 1459-65.

PNg, B OB B, AN, L M, B, 5. B-cateninid
FEIE X B AR AN M TESSIE #2428 22 T i B2 0. il =
2% 5 1Ifi J/R(Luo Guangjin, Kang Quan, Bi Yang, Die Xiaohong,
Qiu Chao, Luo Qing, et al. Effects of B-catenin on cell migration,
invasion and apoptosis of TE85 osteosarcoma cells. Basic &
Clinical Medicine) 2014; 34(11): 1491-6.



