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Screening for pathogenesis-related genes of osteosarcoma using gene microarray

LI Guo-dong, CAI Zheng-dong”, ZHANG Yin-quan, RU Ming, JI Fang ( Department of Orthopaedics, Changhai Hospi-
tal, Second Military Medical University, Shanghai 200433, China )

[ Abstract ] Objective: To screen for the pathogenesis-related genes of osteosarcoma and to assess their roles for the de-
velopment of osteosarcoma. Methods: Total RNA was extracted from 3 ATCC osteosarcoma cell lines and an osteoblastic
cell line and was used to synthesize biotinylated cRNAs; the latter were hybridized to Affymetrix® GeneChip® UI33A ar-
rays and a gene with more than 2 folds of change was selected. Ten of the differentially expressed genes were chosen and
the primers were designed and the synthesized. Then SYBR® Green real-time PCR( RT-PCR ) method was used to detect
the expression of the 10 genes in 9 fresh osteosarcoma specimens. ABI Prism 7 000 system was used to analyze the differ-
ent expression between osteosarcoma cell line and osteoblastic cell line. Results: We identified 58 up-regulated and 142
down-regulated genes in the 3 osteosarcoma cell lines. Many of the genes were firstly reported to be related to the patho-
genesis of osteosarcoma. These differentially expressed genes were mainly involved in energy and material metabolism, on-
cogene, signal transduction gene, transcription — related genes, cell cycle-related genes, cell apoptosis-related gene, im-
mune response gene, tumor suppressor genes, etc. The array results of 10 randomly selected genes were further verified by
the RT-PCR in 9 fresh osteosarcoma specimens. Conclusion : Many genes are involved in the pathogenesis of osteosarcoma.
Gene microarray can help to discover the genes related to the pathogenesis of osteosarcoma, which may lay a foundation for
studying the molecular mechanism of osteosarcom.
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LI (R 2 22 500 A6 AR O I = A FE L 41K
P-4 AT 7 25 B PRVIRE R AE DG R TR 2 B T R

ATFFELL 3 FheBr IR RS AL 32 ( MG-63 | Saos-2 , U-
2 OS )FIS B 41 is 2 hFOB 1. 19 R 5 X 42, v
Affymetrix® GeneChip® U133A 4 FE K 4105 H, Kl
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1.1 fmhe & B 3E it

3 N TR R 4 ML 22 ( MG-63 . Saos-2 il U2 0S)
Ko 1S UE 40 2 hFOB 1. 19 )43 BRI A1 : MG-
63 HILEIE K2 Grigoriadis TH 115 14 ; Saos-2 , U-
2 0S J hFOB 1. 19 ¥l 7 26 EFRMERE ( ATCC ).

MG-63 . Saos-2. U-2 OS 4ii g ¥ 1£ 37°C .5 %
CO, JRAM B I R AH th i 92, MR ATCC FrifE
B MG-63 KT MEM 55359, 1 10% K i%
JIG 4 I3 ; Saos-2 SR McCoy's Sa KiFR U, S 1. 5
mmol/ L 23 e Bk & 15% K% i 4 1L 5 U2 0S R
H McCoy's 5a E5 32U, U8 N 1.5 mmol/L 45 i ok B
K 10% KAG G A= M3 5 Lk 3 P F= W A Gib-
co /N Tl. RBUE 4N & hFOB 1. 19 7€ 34 °C.5%
CO, JRFMBEE 55 7248 85 %, rH B Ham's F12
K TCHET DMEM £33 1:1)¥0g 3 SIGMA A #] .
KSR AN 2.5 mmol/L 23 B BERZ 0. 3 mg/ml
G418( GIBCO A ] ) M 10 % Kik a4 i . Fra
TFREPRUS B S50 4 40 A 34 4 T X B0 K
1.2 BRBASRFAGKE
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RYIBRFRAS , VIBR J5 57 B) B AW A B R A7, &
HHEMES &, L4 %P AERR(19.3 £4.4)
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W 4 AR AR AR 1 x 107 A4, >R
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RNA A9 i S 4l 2R ] Agilent 2100 A= 453 B AU

W, IA 28S/18S rRNA Pk B FELLE N 1.5 ~2 H
Do/ Dy 0 1.8 ~2 HA BT IR MO AR, 5
ZRACRIAR I RNA PRATTF - 80°CUKA % H
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script 1.0 wl); 4 PCR & F & T PCR AU h T4
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4 CI#-1F., % 5% GENEBANK R, L 10 22 H 5%
RFE OB RR B B RS . 51 A R
(£ 1)l EEBAEYS R A RA R 5,

e SRt @ 3Im

#&1 XHE PCR3|¥
Tab.1 Primers of the RT-PCR

Name  Unigene ID Sequences

TPD52 Hs. 162089  5'TGAATTCGGCTGCAAATGC 3’
5'"ACAAGATGTGCTTGGACCTCG 3’
CLU  Hs.436657 5'TGATCCCATCACTGTGACGGT3’
5'CCGGTGCTTTTTGCGGTAT3'
CD24 Hs.375108  5'CTGCCTCGACACACATAAACCT3’
5'GGTCATCAAGACTACTGTGGCC3'
MEST Hs.440459  5'TTCCATATTTGAGCAGGCCAG3’
5'"TTCCATATTTGAGCAGGCCAG3'
PRG1  Hs. 1908 5"AATCCAACAAGATCCCCCGT3'
5'"AAGCCACTCCCAGATCCTGAT3’
IGFBP3 Hs. 450230  5'CGCACAGGCTTTATCGAGAAT3'
5'TCCACGCCCTTGTTTCAGA3’
SPARC Hs. 111779  5'TGGACTCTGAGCTGACCGAAT3’
5'TGGATCTTCTTCACCCGCA3’
OXTR Hs. 2820 5'"GCCACAACATGGATGAGCCTT3’
5'"GCCACAACATGGATGAGCCTT3’
BNIP3 Hs. 79428 5'CTCTTTAAACACCCGAAGCGC3’
5'CCAGCAAATGAGAGAGCAGCA3'’
LOXI2 Hs. 83354 5'TCGAGGTTGCAGAATCCGAT3’

5'TTTCCGTCTCTTCGCTGAAGG3’

WA 7596 SYBR® Green [ )3ZH} PCR: R
ABI SYBR® Green RT-PCR J7 3% ( UL ABI SYBR®
Green RT-PCR 1B )50 CH%H 2 min, R /5 95
°C .10 min; B2 #1745 MEH,95 € 155,59 C .1
min, {XE$HH] ABI Prism 7 000, 25535154004
BT 5B n, n= KhaARMN IR CT H -
B-NLshEH CT {H ;2" Bl M BRI A . XF T 1
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ARSI S I SRR e S I
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FEDAL VR T DAL A e O R A A i e g A A
EREE A = Sk
2.2 10AMEFRALRGERTBRNAZIFATY
52 Bt PCR Bk

LA R BN K D RE S
YRR R VIR, 2 0 2% 38 BH 1 45
R 10 M S RBERENEIEXNZ ., 73
] R LR b, S BT CLU ., TPDS2( 43 51 1A
31.30 fi119.73 f% )R CD24 FEH( £ 2 ~H A
Jed 40t A B S B A s 82, 38 % )5 e L[] T
N, % B MEST . PRG1 . IGFBP3 |, SPARC .
OXTR .BNIP3 .LOXL2 %7 D HH( 451 F 8 TF
P 65. 50, 130.09.36. 12, 14. 17.12. 97,
11.24 17.72 1% ) TE S H E b A b X e i1/ 3%
ik 47 %€ f PCR Kzl .

AR 10 AN BRI R AE 9 I PR B PR R A AR
R RIR TGN W E 4.5, 7 mRNA KF B, 5
BUCE A AR AR L, 488l R H A bR A 10 4
ZFFEKNPFIEE Affymetrix s gl R —
(UL CD24 FEH Ry o], 0 ROV 3 25 5 R a5 5K
oy b 82,38 A bn A IR IR 45 R Ch T 1 R Gk
E 84,72 A% ), B UE T B 0 1B B PR IR AN 2
SRR FL G5 R T EE
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Tab.2 Some up-regulated genes in the 3 osteosarcoma cell lines
Unigene 1D Name Fold Chromosome Basic functions
Hs. 436657 CLU +31.30 8p21-pl12 Fat metabolism
Hs. 162089 TPD52 +19.73 8q21 Unknown
Hs. 534369 HISTIH2BE +11.36 6p21.3 Assembly of neclosome
Hs. 413045 CAP350 +16.77 1p36. 13-g41 Unknown
Hs. 439643 SLC16A7 +32.86 12q13 Membrane transportation
Hs. 182432 HISTIH2BM +7.20 6p22-p21.3 Assembly of neclosome
Hs. 424966 PIR +8.81 xp22.31 Nuclear transcription
Hs. 8944 PCOLCE2 +20.64 3q21-q24 Collagen metabolism
Hs. 525620 PPAP2B +30.89 Ipter-p22. 1 Fat metabolism
Hs. 156761 KIAA1102 +13.47 4pl4 Contracture of smooth muscle
Hs. 255149 MAN1A1 +7.13 6q22 Glucose metabolism
Hs. 82128 TPBG +5.81 6ql4-q15 Cell moblity
Hs. 417077 CYP51A1 +4.22 7q21.2-q21.3 Electron transportation
Hs. 180062 PSMB8 +14.44 6p21.3 Protein metabolism
Hs. 99029 CEBPB +4.35 20ql13.1 Transcription regulation
Hs. 502577 PDEADIP +5.67 1q12 Synthesis of protein
Hs. 159651 TNFRSF21 +6.83 6p21.1-12.2 Apoptosis
Hs. 114360 TGFBIA +8.95 13ql4 Transcription regulation
Hs. 111554 ARL7 +6.16 2q37.2 Signal transduction
Hs. 94896 TMEM14A +5.74 6pl12.3 Unknown

£3 3B BEABARKPHFEHNESHE TEHER

Tab.3 Some down-regulated genes in the 3 osteosarcoma cell lines

Unigene 1D Name Fold Chromosome Basic functions
Hs. 288720 LRRC17 -99. 86 T7q22.1 Unknown
Hs. 128087 F2R -36.96 5q13 Cell cycle regulation
Hs. 440459 MEST -65.50 7q32 Epoxy hydrolytic activity
Hs. 450230 IGFBP3 -36.12 Tpl3-pl2 Cell growth regulation
Hs. 155223 STC2 22,15 5¢35.2 Signal transduction
Hs. 83354 LOXI2 -17.72 8p21.3-p21.2 Electron transpotation
Hs. 432638 SOX11 -22.04 2p25 Transcription regulation
Hs. 528308 HRASLS3 -17.41 11¢q13.1 Unknown
Hs. 40499 DKK1 -12.33 10¢q11.2 Signal transduction
Hs. 181768 MYOD1 -22.73 11pl5.4 Transcription regulation
Hs. 458485 GIP2 -12.83 1p36.33 Immunity
Hs. 436042 CXCL12 -17.51 10q11.1 Balance of the blood calcium
Hs. 2820 OXTR -12.97 3p25 Muscle contracture
Hs. 211610 CUGBP2 -12.45 10p13 RNA binding
Hs. 8752 TMEMA 9.03 12q15 Unknown
Hs. 47166 HT021 -11.94 3p21.1 Unknown
Hs. 111779 SPARC -14.17 5q31.3-¢32 Calcium binding
Hs. 68877 CYBA -11.06 1624 Electron transportation
Hs. 79428 BNIP3 -11.24 10¢26.3 Apoptosis
Hs. 118127 ACTC -11.069 15q11-ql4 Muscle contracture
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F4 3V LRAEREBABHALRAPH RT-PCR i
Tab.4 Confirmation of 3 up-regulated genes

in osteosarcoma specimens by RT-PCR

CT value of the genes /

3 i g
RS W M. fE e
Jib g A, R TR TR A o R P R ) 17 %, o

Specimens fold of the different expression B 42% o R RAE TR (1) F 2R
B actin CD24 CLU TPD52 BRI DA (2) P2 0w B, Ws
hFOB 1.19 20.8  27.9/1.0 25.9/1.0 30.6/1.0 225(3) o R HE RS Iy di i DL O R RS R 4
No. 1 21.0 24.5/12.5 24.2/3.6 27.9/7.3 RO AR 20 5 1A 2 M R e AN T A
No.2 20.2 24.1/9.0 25.5/0.8 29.2/1.6 VAR 240 5 2 AT AR 22 AR AL A o i
No.3 21.0 25.1/8.5 25.1/2.1 27.3/9.9 O WIE BRI W AKP ) 8 BLAT BMP L MEBR 55
No. 4 23.4  21.3/610.8 22.6/602.2 26.4/113.8 — e ILIR] 9 52 AR AR T 5 A B RC RS 5 7 2
No.5 22.8  28.2/3.1 25.4/5.4 28.3/19.1 VPSB85 b o T R A0 R Y R
No. 6 26.9 29.8/18.8 28.3/13.2 27.8/457.6 MEVE AR 229 T S BT TEAR 2 LA B TR TR 48 i
No.7 23.7  26.7/17.0  7.0/3.4  28.0/42.2 ﬁﬁﬁi%ﬁ}@%( osteoblast-like cell hf\le M/Eﬁ‘ﬁ
No. 8 21.5 22.3/79.3 24.9/3.4 27.5/14.4 ORI PRI L LA A B W
No.9 21.1 26.4/3.5 21.3/30.2 29.7/2.2 SR SR VAR OG o W TE R SR AR XS T 7
B AR B AR BRI A EOR T
®5 TATRAERERRBEHELARAHRHN RT-PCR BiE
Tab.5 Confirmation of the 7 down-regulated genes in osteosarcoma specimens by RT-PCR
CT value of the genes / fold of the different expression
Specimens
B- actin PRG1 MEST LOXI2 IGFBP3 BNIP3 SPARC OXTR

hFOB 1. 19 20.8 23.9/1.0 23.3/1.0 24.0/1.0 23.3/1.0 21.7/1.0 22.0/1.0 24.7/1.00

No. 1 21.0 24.7/1.4  26.9/10.4 28.3/17.2 27.3/14.2 24.9/7.7 21.6/3.9 29.7/28.6

No.2 20.2 25.8/5.9  26.0/9.60 27.7/20.5 25.1/5.5 26.9/56.4 23.4/4.2 28.4/20.4

No. 3 21.0 26.2/4.2  25.3/3.6  26.0/3.3 23.9/1.3 24.9/3.3 23.5/4.7 27.6/6.2

No. 4 23.4 27.6/2.0 29.0/8.4 27.7/2.0 27.8/3.7 27.6/9.7 24.3/1.7 26.3/1.5

No.5 22.8 27.6/3.3  29.0/12.7 26.1/1.1 25.5/1.1 25.6/3.6 24.8/1.8 30.7/16.9

No. 6 26.9 25.3/0.03 31.1/3.2  33.4/9.5 27.3/2.2 30.2/5.2 21.6/1.2 32.3/2.9

No.7 23.7 32.7/59.5 31.3/35.3 29.5/6.0 28.4/4.7 26.1/2.8 22.5/1.1 31.4/14.5

No. 8 21.5 30.6/63.0 28.3/18.9 26.3/4.8 26.6/6.0 25.4/7.3 22.4/2.3 27.6/4.5

No.9 21.1 26.4/4.6  32.5/4.6 26.5/4.4 31.9/317.4 25.3/9.3 21.6/2.1 27.3/4.9

KT R, B IR I 33 ol e o AW o 1
ISR FE 531 R I 5 4% 2 b BLAT — S8 i 1) | i
Frowot Y, HEZEA B A R A A S R ML
SR ANZ EL D o A5 A0 FH - 1) 98 440 ok 1 Ay A
Y3 3 PO B AR FE S KO 1 i 3 A
Jed A0 M AR 5 E R A R 2 ) I 2 S Rk Y A
KA 200 25( 4300 & L RAT R PR 5L 58 il 142 4% ).
Mife , WPk E T 10 4% i 35 25 S Rk 2L, 7E 9
s AR T 53 I 2898 BEUE S 1) PR 988 2 U A v ol i

H UL RT-PCR ik i il . S0Egs kL
PIE IR 22 7 AL IR oE 25 SR AE B N S it
A WA

5508 W AN AR R EE B PR A ek L ) 22
SEFIRM 58 A BIHSL s T — S g W)
R % YIAH ¢ A9 L K, 4 CYCL NNT, CYP51A1 .
MAN1AL (SQLE , X AR 5 S8 55 Iifr s 20 W i s A8 =
SRS & B dE T — S 5 PR G ERL 7S (258
AHIEAYFE , 40 MMP-2 | TPBG % ; 1iij 5 b — 26 g 2%
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R IR AR DG AR AE B R i . (1)
TPD52 iz SR C 8 3iE 55 78 2L AR o 10 2 A Jes L %
PRI B 4 BRI | I A 2 B b g 4 2 b SR
BRI TPDS2 SR e R S N
FEAMFFE 3 A E R 40 I kE H , TPDS2 Y 3Rk 7K
SERXTREAY 19. 73 fiF. (2) 3K R SE K N 3R A
eEF1A2 125K 5 & 1 A28 5L H eEF1A1 — 4% 3]
SRR DN A T A O S 9 4 SO R I B IE
S SRITAE b B2 e Y LA R S g v ) e
{’EFHMMB&&LJL ASZE v 3 AN B AR 4 Rk B
eEF1A2 (R IRK X B3 & T 3. 57 f%. (3)
CD24 . E IR 52 7E 2 Fh Iogg 20 21 rh i Rk, (B 7E
(i) A Y %) B PRI e R ARAE . SR AE AR ST 1Y
PN E PR 4R MG-63 il Saos-2 i 3 i 63k,
SRR IR 82. 38 i (4 ) At Jif 95 AH DG KL A
W5 AN R 2 VIR CLU S5 8% - 3K 5 38 A0 56
1) IPOA S5 AL T4 I AH G /) TNFRSF21 4535 %
TIE 45 e 2 s 4 DT AT G f R PR 11820 e A Sz o
By ik,

1 E LR 22 5 R R0 142 S R IRFER b, 4
Fi 17— L B AE Z R e TR S T e B
U1 P53 P16 \HRASLS3 \DAB2 %5 , iS40, 5 — 16 55 fith Jg
R R AR B R UG R, m(1)
MEST : 3 EE R imprinted gene )[40 25521
CLrEFLIE 25 W 9 il B s v I 55 5 00 b R
F 200 ARHFTE R MEST BYZE151 8.3 F 8, 3k 4R 7%
MEST A A e 58 R B9 A A G, (2 )LICAM : %
SR A 20 e (B0 ZE B o0, B IR AL LICAM Rik
AR N R RS oV 5 B AR 2 S O

FE S 2 T R SRR AR S R Y LA
AW TE- . W 1) BNIP3 - 75 9 i 9 40 g
W1, BNIP3 119 F A0 A8 1 S 2040 b 0 1 A2 30 LA 0™
A bR 4 M A S . (2 ) IGFBP3 3l H A A
IGFBP3 Jr Ak -8 1 P53 155 1 4 it I
T-o ABFFRHZEER 2B R L 36. 12 £, (3 )3
5 8 TAF 5 5% S A GRS i NALPL . PRG1 |
ARHGDIB %5321 58 7 B i 338 °F I, 156 BH B RJRE 1) &
W S AT S B E AT ZMA BT LR,

TR i 2 AR E— A 2R S 52 )
B B R At B . AR R AN IR B B, i
Je8 20 2 A B B AR S P 1) 5 DR 19 0 T S b
Jei AL B 5 T s kA L R R IEAS SRR B 43
FRAR o AFFE R T 3 PR R KA A5 Ty v
P FE D K- 102 2 B0 T 5 R TR R s 2 VAR %
(1) Ak 2o A Hi 9 i R 1098 35k PRI PN ) e g 22 3 4 G

FL A 3K BRE DN 1) S B o — 25 TR T W AR
TR EEE B BE5E 1 2 B

(£ % X Wk ]
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« BHEENA -
ERK #&& GSK-3p EH KiESH B-catenin FRikH) Liff

B-catenin & —FEILH  FEAZHE ZME PR RE o PR HCC ) B AR Z Kk 0B 2 — 18 T QI 50 5
(HBV )#4H5#E HCC & MMER L AR &R 100 5L b AR SCHTHGE 245 56 HBV-X 2 F1( HBX ) Wil R 3 B-catenin
IREBALE . BT 2B, 8% HBX #4006 A9 ERK i 5 GSK-3B BI—AN45 A 1751 45 A IR 1k GSK-3B Ay 43 R & BR v A, AT
Ja 8 GSK-3B f#iH: SER9 # p9ORSK BEFR L , i T3 GSK-3p MG LA K B-catenin Y i,

HBV B 2 S 8UF MU 00— FE A . 2R AR 4t — R B SUEE 21k DNA 1 4 A28 45 35 ( S/ preS, C/preC,
P,XOZA, He X 35 B2 AN P & BRI B R B 45 A 791, 4w BR (1 HBX 1T LA pS3 AYThRE , e R BTG — Lkt
SEEF G AP-1 NF-Kb .CREB LA K TBP. 7EFGYLT HBX H: R A4 40 M A A X 35 DR 5% 35k DR /N BRBR ARSI 30 AE L2 30) e P e 7
oINS, Bk HBX B e HBV YL A0 g 56 8 v #5 T EHZEH .

B-catenin /& Wnt {5 5 % 1) — A SCHERI BN 4> 7o HRTATFR R, Axin A1 APC JE R 1 VE AL 18 02 — A~ 38 1R 3 B-
catenin #% GSK-3B B fk , BERR 1LY B-catenin #51Z K- A R A M. ToIe Axin 3¢ APC Z5 G 05, i J& B-catenin GSK-33
BERR LA 5 1 2878 , Y1) T30 GSK-3B JOIABEMR ML B-catenin, JX4E Wnt 77 GSK-3B M4 FHLHIA TCIL M BG4 (0 R Wit
TEALHY Dsh T U320 GSK-38 M Axin i85 34N EL, Wt (I3 GSK-3@8 ARG M85 o i T Bk B HLHIFELIE T
B-catenin #% GSK-3 MR L, NTTREL T B-catenin FIFRA . BRT Wnt RHIAY B-catenin WA, A VT 24K E F7T LLE o
WERR I GSK-3p IR IE , AT FRE B-catenin, — . B-catenin fEMIT H & B — @R B, B &S5 AN Y Tel/ Lef 256 314
FFEIE AR c-myc A cyclin D1 %5 B A9 LB B9 56 5 DUE AN G . ZIABESE 008 T — R B-catenin FY4>FHLHI , B
ERK Ji3 3l GSK-3p fHH 1% , 7 HBX R K FiS: B-catenin $4t T — SR EEAYE S5 T8 1

GoE AR5 & BRTCTE J& £ ML B I8 2 M A%, B-catenin (&5 FLEE 5 HBX MY RB W UIMSC, $% T X L HE Y HEPG2 Al
HEP3B 4l e A0SR AN AR 2.3 R 33K B-catenin X H UL A c-myc Al cyclinD1. MEAL, 385 GaE gL 8 278 & AR
FaE B HBX F e 40 rh B-catenin [0 N 9 55 it BT, WFSEUESE , HBX /19 GSK-3B 1276 75 2 ERK/p90RSK 155
WSS, Wit LK AKT .PKC I p9ORSK A EEIE 1 , #7755 A 52 i & E 52 ERK/p9ORSK 15 538 i 1 (1) p9ORSK i i
Witk GSK-3p 119 1 2 MR IE FEH KRG . ERK 4547E GSK-3p 1 DEF 25 s -8R fk GSK-3B 1Y 43 S o &Rk I, 15
S 20— GSK-3R 1 p9ORSK, 45 Wi & MM LA R A3 T 4. X — 2% FRf 5 &£ GSK-3B 12k & B-
catenin A 18 ELA BB X M E & SIS 400 /9 HER2 F1 IGF-1 ] L3 s AH FIAL R AT B-catenin 315 B bk R 1%
PERY LA BbAh, B AN M A SR R R B T B-catenin BOE FLLL K ARG P-ERK 5 P-GSK-3p MBI DIRESC R L5 LT
i, AN ERK/GSK-3 B/ B-catenin Z [A] (43X 3¢ 2 ] R AR ARAE T NS Ll g oy () — s U 5

[ BRI fik, Ledes . Ding Q, Xia W,Liu JC, et al. Mol Cell, 2005, 19(2): 159 — 170 ]



