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Screening of differentially expressed genes in osteosarcoma cell lines with various
metastatic potentialities

LI Xin-zhi', MENG Lin', CHEN An-min’, GUO Feng-jin’, LUO Zheng-qiang’, ZENG Heng’( 1. Department of Ortho-
paedics, Renhe Hospital, Three Gorges University, Yichang 443001, Hubei, China; 2. Medical of Three Gorges Univer-
sity, Yichang 443001, Hubei, China; 3. Department of Orthopaedics, Affiliated Tongji Hospital, Tongji Medical Col-
lege, Huazhong University of Science and Technology, Wuhan 430030, China )

[ Abstract ] Objective: To investigate the differentially expressed genes in osteosarcoma cell lines with various metastatic
potentialities, and to screen for new candidate genes related to metastasis of osteosarcomas. Methods: The total RNAs of
a lowly metastatic and a highly metastatic osteosarcoma cell lines ( M6 and M8 ) were extracted. Differentially expressed
genes in the two osteosarcoma cell lines were studied by ¢cDNA microarray. The hybridization signals were scanned with a
Generation [ll array scanner and analyzed by Imagequant 5.0 software. Typical differentially expressed genes were further
verified by real-time quantitative PCR. Results: There were 330 differentially expressed genes between M6 and M8 cells.

In the high-metastasis M8 cells, 178 genes were up-regulated and 152 genes were down-regulated compared to the low-me-
tastasis M6 cells, with 43 extremely up-regulated and 49 extremely down-regulated. The differentially expressed genes
were mainly associated with cell proliferation, indicating these genes might be related to the inhibition of M6 cells. Other
differentially expressed genes included those associated with the regulation of gene expression and signal transduction, in-
dicating these genes might be correlated with tumor metastasis. Conclusion: ¢cDNA microarray shows an advantage in
identifying genes associated with metastasis of osteosarcoma. In M8 subset of MG63 osteosarcoma cells,43 genes are up-
regulated and 49 genes are down-regulated, which may be related with metastasis of osteosarcoma.
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Fig.1 Scatter plots of Cy3/Cy5 signal intensities of

all genes represented in gene chip
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Fig. 2 Hybridization signal scanning result

of a representative gene chip
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Tab.1 Significantly up-regulated and down-regulated genes in M8 cells

Biologic function Gene Symbol Ratio

Down regulation
Intracellular signal transducer RABI11B, member RAS oncogene family RABIIB -3.52
G protein pathway suppressor 1 GPSI -3.31
Protein phosphatase 3 ( formerly 2B ), catalytic subunit, gamma PPP3C -4.19

isoform ( calcineurin A gamma )

Protein phosphatase 2A, regulatory subunit B ( PR 53 ) PPP2R4 -3.22
Transcription Homeo box B3 HOXB3 -3.22
POU transcription factor POU -8.75
Metabolism Enolase 3 ( beta, muscle ) ENO3 -3.42
Translation Eukaryotic translation initiation factor 4 gamma EIF4GI14. 00 -4.00
Cytoskeleton Dynamin 2 DNM2 -3.17
Other Ubiquitin-like 4 UBIA -3.04
FK506-binding protein 8 FKBPS8 -3.38
Gp2512 protein HSGP2512G -3.48
Small glutamine-rich tetratricopeptide repeat ( TPR ) SGT -3.19
Metabolism Lipase A, lysosomal acid, cholesterol esterase ( Wolman disease ) LIPA 3.68
Glutamic-pyruvate transaminase ( alanine aminotransferase ) GPT 3.34
Mebrane channel Solute carrier family 17 ( sodium phosphate ), member 3 SLCI7A3 3.31
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Tab. 2 Differentially expressed genes in M8 cells related with protein synthesis

Biologic function Gene Symbol Ratio

Cell proliferation-related gene Cyclin G1 CCNGI 2.21
Cell division cycle 2, G1 to S and G2 to M CDC2 2.67

Cyclin-dependent kinase inhibitor 1A CDKNIA -2.44

Cyclin-dependent kinase inhibitor 2D CDKN2D -2.03

Anaphase-promoting complex subunit 10 APCI0 2.38

Replication protein A3 RPA3 2.27

Transcriptional regulation-related gene Homeo box B3 HOXB3 -3.22
SCAN domain-containing 1 SCANDI -2.56

Runt-related transcription factor 3 RUNX3 -2.16

Dickkopf ( Xenopus laevis ) homolog 1 DKKI 2.74

Dickkopf ( Xenopus laevis ) homolog 3 DKK3 2.18

G protein pathway suppressor 1 GPSI -3.31

Epidermal growth factor receptor pathway substrate 8 EPSS 2.07

POU transcription factor -8.75

RAB11B, member RAS oncogene family RABIIB -3.52

FK506-binding protein 8 FKBPS8 -3.38

Nuclear receptor binding protein NRBP -3.42

M6 2 )R IR 2% 55 AT T IR, 45
it Al LI L2 A 40 bR 2 18 22 e 1) S P A ( 330

2 A TSR k(3 547 RN 9. 3% , Hih 3k
£ oo KB EEARE AL 92 AN )b 2 AN bk 2 R 3

IRHELPR BER( 330 AN 27.9% o F BB L H D g
TR 0025, SEkER M8 410 1L, fE 1R % M6

agoi LTI T A 5 A e A DR o g L BT
. L '--\.|'..I.:I..I||.!.|..'I . %W ,:]:/TEE/?\‘EJ‘ M6 ?Hﬂﬁiﬁﬁ?ﬂ]ﬁ%,ﬁﬁ\%%%%

FACHYIE I, AR IEAT 1V 2 HAT HAB T RERY AL
B3 Mol %5 ) M8( RE RIS CDC2 BETRME o P g3k, in M6 AMLrh &35 F IS CONGI |
Fig. 3 CDC2 gene amplification curves in M6 CDC2 APCIO il RPA3 . L% 321% | J CDKNTA F1
CDKN2D .
SRR E I & B CDC2 SR A
CDC2 it e 1k 5 1k e 1 % 1 L R i K s A7
7 R PR T AT R R R en et G WS 3R W1 CDC2 1R AL AT bR AT 22 5y 4 4 e 1k
I RR LN TR e . AR A IR R TR I 220 2, A S A T cpe2 AT
Bl T MG63 AN P (RS B MBS AINBRY I YRR B T8 6 A A K360 7

( purple line ) and M8 ( yellow line ) cells

3 3 it



RE A AN EE AL RE T A 2 i 22 S AR N 1 B

.75.

TR ERAE X, CDC2 J& B #U R R
Gy, ATHIEIANM R  FIRE CDC2 HE AR il 22
JoTJeR 20 R 7 rh R FE EEAE ], CDC2 Bl A 2
Jo P R T AR G i, R CDC2 kAT
T weh 22 R A i 2B 4 B8 7R CDC2 W B SR IRYT
P2 IR B — A AR B SR O AR g
CDC2 TR M6 i rh AR5 | FHiE o e Ao
FEARAL . L P07 PCR VAIIESE CDC2 H:
RIZE B PRJEE M8 4 i v s 2Rk, A B R I IR
H R LT — DA

BTG2 FPH X 4 oA A T R
BTG2 n]ifiad Ras {5 53845 , 100 i) Ao 40 i 114 154 5 A
{7 4 41 U8 W o5 s S L= WS 7 W 1 3 S T BT
SRR 0 bR A L T BTG2 FE A AT
IV A AL 5, 9 20 B S A £ 0 A A R T4, i
ELAT I A R A AR B B AL AR . BTG2 5
H4 218 H R &R 1Y H 3L 2 Ak B 1A 56, XF
B PR Feah P SCAR AR ', AT 0 2 R X 1 o
TREIRITERT . AA RIE BTG2 W figJ& B 85 L
AR, HETX BTG2 JEN 545 I 2
B8] RS A 2 T AEAIE S h M8 4 il BTG2 J&
N 05, #2R BTG2 2R 5 A, (B Bk HL
il it — 2T

[ s e i L 7 5 R PR SRR T A 5 e A O
(3 P v, R B M6 41 i % 75 %5 35 HOXB3 |
RUNX3 . FKBPS 3£ [H ., Magnusson %5 2 5% & i,
s HOXB3 AJ A i B 4 1l 45 198 B, I 987
W T4 A5 . FKBPS R 1E /ML R B AR 3=
e PR T ) 5 R A B AR LA = BRI R I SRR
A AR F A5 2. fR I Ogasawara 25 fil B
846 H RUNX3 25 [ — R i it A K i 6 v i 4 1A
+ TR AR A AN A b B E R L, RUNX3
FEPREA I i A A 0 SRR AL, S 1R S R
B P 400 A 434K . Tsunematsu 25 B 5% 3k 3
TR IEAAE I A B RUNX3 3k m] DAAE Ay 750000 ik 9o 21
1T B bR E Yo Soong 25020 ) 5IF 5% K B R I S PR
RUNX3 J& K7 f i) g 30 61 4 . RUNX3 FE R TEH
PRI TP A R B ML R AR B 5 A I A BIF 5
] o Bl A DIREIE PR 4 24 00 & T, AR IR 5% %) I Jed A+ ¢
LR A CHE I M M B R B S8 — 2T

NS
[£ % X Wk ]

[1] Aza-Blanc P, Cooper CL, Wagner K, Batalov S, Deveraux QL,
Cooke MP. Identification of modulators of TRAIL-induced apopto-

sis via RNAi-based phenotypic screening [ J 1. Mol Cell, 2003,
12 (3): 627-637.

[2] Shimada Y, Sato F, Shimizu K, Tsujimoto G, Tsukada K. ¢cDNA
microarray analysis of esophageal cancer: discoveries and prospects
[ J]. Gen Thorac Cardiovasc Surg, 2009, 57 (7 ): 347-356.

[ 3] Lisle JW, Choi JY, Horton JA, Allen MJ, Damron TA. Metastatic
osteosarcoma gene expression differs in vitro and in vivo [ J ]. Clin
Orthop Relat Res, 2008, 466 (9 ): 2071-2080.

[4] 20k, BRER, XS, PIEMR. FERIE ECFP #YA[FF;
FORR P PR A M R sy R A e [T ] AR siss
SMREER, 2006, 23(9): 1112-1114.

[ 5] Strandh M, Johansson T, Lofstedt C. Global transcriptional analy-
sis of pheromone biosynthesis-related genes in the female turnip
moth, Agrotis segetum ( Noctuidae ) using a custom-made cDNA
microarray [ J |. Insect Biochem Mol Biol, 2009, 39 (7 ): 484-
489.

[6] Zwemer JP, Guimbellot J, May WA. EWS/FLI function varies in
different cellular backgrounds [ J ]. Exp Cell Res, 2003, 290
(2): 414-419.

[7] Riggi N, Cironi L, Provero P, Suva ML, Kaloulis K, Garcia-
Echeverria C, et al. Development of Ewings sarcoma from primary
bone marrow-derived mesenchymal progenitor cells [ J ]. Cancer
Res, 2005, 65 (24 ): 11459-11468.

[8] Matsuyama S, Iwadate M, Kondo M, Saitoh M, Hanyu A, Shimi-
zu K, et al. SB431542 and Gleevec inhibit transforming growth
factor-beta-induced proliferation of human osteosarcoma cells [ J .
Cancer Res, 2003, 63 (22 ): 7791-7798.

[9] Boiko AD, Porteous S, Razorenova OV, Krivokrysenko VI, Wil-
liams BR, Gudkov AV. A systematic search for downstream medi-
ators of tumor suppressor function of p53 reveals a major role of
BTG2 in suppression of Ras-induced transformation [ J . Genes
Dev, 2006, 20 (2 ): 236-252.

[ 10 ] Lim IK. TIS21 ( /BTG2/PC3 ) as a link between ageing and canc-
er: cell cycle regulator and endogenous cell death molecule [ J ]. J
Cancer Res Clin Oncol, 2006, 132 (7 ): 417-426.

[ 11 ] Duriez C, Moyret-Lalle C, Falette N, El-Ghissassi F, Puisieux A.
BTG2, its family and its tutor [ J ]. Bull Cancer, 2004, 91 ( 7-
8): E242-253.

[12]5k Mk, I, Taph, RAM, 25 fll. BTG2 JEPIXS B
AR ALY R RIS [ ) ). AR BA Rk, 2008
(16): 1235-1239.

[ 13 ] Mauxion F, Faux C, Seraphin B. The BTG2 protein is a general
activator of mRNA deadenylation [T]. EMBO J, 2008, 27 (7):
1039-1048.

[ 14 ] Passeri D, Marcucci A, Rizzo G, Billi M, Panigada M, Leonardi
L, et al. Btg2 enhances retinoic acid-induced differentiation by
modulating histone H4 methylation and acetylation [ J ]. Mol Cell
Biol, 2006, 26 (13 ): 5023-5032.

[15] Feng Z, Tang ZL, Li K, Liu B, Yu M, Zhao SH. Molecular char-
acterization of the BTG2 and BTG3 genes in fetal muscle develop-
ment of pigs [ ] ]. Gene, 2007, 403 (1-2): 170-177.

[ 16 ] Nozoe T, Takahashi I, Baba H, Maehara Y. Relationship between

intracellular localization of p34CDC2 protein and differentiation of



.76.

Fp [ R A AT 27,2010 422 A ,17(1)

esophageal squamous cell carcinoma [ J ]. J Cancer Res Clin On-
col, 2005, 131 (3): 179-183.

[ 17 ] Joubert A, Marais S. In vitro effects of 2-methoxyestradiol on cell
morphology and CDC2 kinase activity in SNO oesophageal carcino-
ma cells[ J ]. Cell Biochem Funct, 2007, 25 (3 ): 357-362.

[ 18] Meyer A, Merkel S, Bruckl W, Schellerer V, Schildberg C,
Campean V, et al. Cdc2 as prognostic marker in stage UICC [I
colon carcinomas [ J ]. Eur J Cancer, 2009, 45 ( 8 ): 1466-1473.

[19]#® 8, (LKA, P34°2 M cyclin Bl 165 SO H 1Y 3k K I
PREESCL T ] i, 2008, 28( 11): 959-963.

[20] Chen H, Huang Q, Dong J, Zhai DZ, Wang AD, Lan Q. Overex-
pression of CDC2/CyclinBl in gliomas, and CDC2 depletion inhib-
its proliferation of human glioma cells in wvitro and in vivo [ J 1.

BMC Cancer, 2008, 8: 29.

fects [ J . Exp Hematol, 2007, 35 (9 ): 1421-1428.

[ 23 ] Fong S, Mounkes L, Liu Y, Maibaum M, Alonzo E, Desprez PY,
et al. Functional identification of distinct sets of antitumor activities
mediated by the FKBP gene family [ J ]. Proc Natl Acad Sci U S
A, 2003, 100 (24 ): 14253-14258.

[ 24 ] Ogasawara N, Tsukamoto T, Mizoshita T, Inada KI, Ban H,
Kondo S, et al. RUNX3 expression correlates with chief cell differ-
entiation in human gastric cancers [ J ]. Histol Histopathol, 2009,
24 (1): 3140.

[ 25 ] Tsunematsu T, Kudo Y, lizuka S, Ogawa I, Fujita T, Kurihara
H, et al. RUNX3 has an oncogenic role in head and neck cancer
[J]. PLoS One, 2009, 4 (6): e5892.

[ 26 ] Soong R, Shah N, Peh BK, Chong PY, Ng SS, Zeps N, et al.

The expression of RUNX3 in colorectal cancer is associated with

(21 ] #E, & 5k, R W, ¥ %, B4, 2 . AZUE
Fr/ B ALK CDC2/ CyclinB1 78 58 R i I A 2k S i
XLI] shEEIGIR, 2007, 34(11): 604-607.

[22] Magnusson M, Brun AC, Lawrence HJ, Karlsson S. Hoxa9/

disease stage and patient outcome [ J ]. Br J Cancer, 2009, 100
(5): 676-679.

[ K EE] 2009 - 10 -30
[ AXHIE] RaHy

[fEE B8] 2009 -12 -08

hoxb3/hoxb4 compound null mice display severe hematopoietic de-

0 < 0 <

i -
( AEHRIRER ) E AR

P R G 2 S B A W SV g A Sk | 4 [ SR RE A A AR 44 L IR G 25 AR B e A R R ), T 2009 4F 12
AP AR DA B At E . et — I BB SR AR, S R B 22 BB OC R AR W B 22 T A Rl
TR IR F R Z — o GPEA TR R ) I ] D 5 — AR S iof S e ] | 9 AN e 2 58 BOIR 5 i J i) & 30 AR 13 1 G
HARIE G AR DG U A AR TE TR IR A9 U 535 1 B 5K, TAEZ B AR RIAT A 8 B SG T A AT, A 6 AR v
WL EBREZI ) o FEARA P45 S A O 09 TTAE R 2 T AR RO BT R A ZZ ST R I AR R R AR
[P, 5 Ji B AR 1 % R

AR 21 G 2 BRIV (0 Al 5340 R e R e 8 23 > iy e S IO TR AR IR, N 505 B2 NK 4 . T
YA PR R AT MHC 2 F RIR e 51 5P T 4000 Th1/Th2/Th17 400 ic 142 T 4080 5 2 R4 .CD 43
5 MR B T B2 AR JRAE A I R 5 S S A BRI S L A A T IR S Boe i
VIR R E R M SR A | B e e M B A e el R e | A B S R G S I IR G 8 2R R Y B L adk
JE RSO E T B S S S S 2 SR BT PO R DU Y 2 AR B ) S A R
HIRFF5E HE e

2T T 1) S8 2 L B A RO AR 3800, 2 58 R SR i 2o i R H I B S5 I BOME , T A D S i 2 R AR OG4 l F
FEAE I ERE , X NG 22 TAERIIF ST A BURIIG RS BHE 55 TAEB WA AR IS 1.

R E AL : B 5T R A X7 DS RERE 31X 3 5B 100078 )

T 5L 1010 - 67605754 ,010 — 65264830 ; E-mail : pmph@ pmph. com;

25 R R)E s hRiETS S . ISBNO78-7-117-12311-2/R + 12312 5E /1 :180 JC



