The role of transcription factor c-ets-1 in the
progression of human gastric cancer
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TEETE R e AR AR S o ) MEH R I EESfilest< b v 7 Zﬁj\ﬁfﬁﬁ’f‘?{a‘o‘ T U AR T ORHBICDREbL > T
%. 812, ETS1IC & D BBHE 221 5 2h 6 O M H £ MER R T I LEHIE OB LD H 7 Y, PAMBEORME L mE
CBWTOEEL YR T 2 EAHRICHAL M SR TV B, PAMBRIZBITS ETS1 ZEH ORRER B IE & O
B LTI S T, KBTI, B AOEMREEROMBEMEELET £ LTETS1 HHOB L Vcets 1 BIZT
WZEEL, b MESARERELES I UESARBICET S cets 1 NEBLEBHERTOREFEREMTL, Tho0H
FREENS L CEE, EBLOMBICOVWTHRE LA, e BT AR 6 BRI BV B RIETRE L BET-PCRIEIZL D
MR LR, SHRICBVT, cetsl, 7OFF—EHS IR I/ -5 T 7 FN—% — (urokinase-type plasminogen activator,
wPA), ¥ Uy 7 AASOTEF T —F (matrix metalloproteinase, MMP)-1, MMP HER-F1, f>F7r-a2, 4177
S a3, 4TI v-phB L Bomet METOWMMMBI BB, T2, cetsl mRNAHT 27 ¥ F 2 A4 TX
SLAF FREC LD, EAAMEENUGCS D u-PA & MMPADOEHB LY, 1> 77 V- 2BEDEFDOET RO 5
N, ETS1EEA A S OREFEREEICHE L Tna I LamRshr, RERETA 10312 BT HHLETS- 13k 2 AV
M2 T, 7361 (71%) TETS1EHAORRL, AMBOMA LAIREIZED 6. ETS1EHDOREBIZ
SMEBIDBAANCE (, BEEER, FFER L OMICHEHEIC AR HE R, BRBIIIERARIY HEIZTHARTD
o7 %7, ETS1EERET L wPAB L O MMP-1 SRR L OMICIEQHB @072, L EORER, G, ETS1 EHOZEH
EE DA OERBERRIC BT A MENT M) v 2 RS MREBEE B X UKL R F ORI 2 EEE I HE HLTWwWaZE
VAR I N (YA

Key words gastric cancer, c-ets-1, extracellular matrix degradation enzymes, antisense
oligonuculeotide, metastasis

c-ets-1 BIETIE, BEOAIMEY 4 VA TH5E26H 5 HEE 13, MYBEELBHEE 22, &KiE

NS ORETOREBUTEZ

ERivetsDRETZE LTREENALZDARERETFCH
59 cotsl DBEFEY THAETSIEHIEIANY v 7 A - ¥
— ANy 7 AREEERFL, CRRMOSENT I/ 5
75 DNAFES F A4 22k o TEIEET OEEHHEHEIE I
HFAET 5 ets T BT (GGAA/T) ICHETH I LICLY, 20
WE R WET B, cetslODNAKE N AL~ t’rﬁﬂum‘r‘é}b‘ﬁ%
HEFTHRIEFEYI KL LFEEN, esBEEEFT 7 3
V—FBRLTVED, casli3FRb6DTOY L T THE?.
B3 A KL O MR M & ERERANOBEBEDOREHRIZB VT
i3, vuFrFr-—E¥BMISIAI) ST IrFN-F =
(urokinase-type plasminogen activator, u-PA) 2= h1 v 7 A A
y 17057 —+ (matrix metalloproteinase, MMP) 7 & Dk
EESLEEOMBES~ b v 7 AKS (extracellular matrix,
ECM) 04 ERESR, HERMEES 5 VIZHE-ECMEOH
BEEMCEHLMABERTF 2 EDOVH O 5 FEIEBEER T

FRL94E 11 A 27 BA, SFR94E12 A 26 HZH

ets 77 31 — & A L FoHE ﬂ*ﬁﬁ%fb HHELTWDZ LARE
ENTVDE, HAAILOWTYD, EHEMESRT & RRREY
BTEMERE & OBEMATRINTE LYY Lo, e 0k
B T 122V OEIIZHEA TV A A, Zh o OREMES
Z OB 2o VT ORF RS IS

ARFECIEEAMECBITD, BEFER T sl zhLE L
TR R OBER IOV TR T, &5
RTOEFADEN, ERIZBITLETSIEANEHERLW
LT aZ EREME LA

ME L L UHE
I.#% #
1. BeEARark

ARz MilBaRkIE, e P EAABBRMIRRE LT
MEKN-45, NUGC-3, KATOII (& 2—= ¥4 4 =¥ AFFEER

Abbreviations : DTT, dithiothreitol; ECM, extracellular matrix; FBS, fetal bovine serum; HGF, hepatocyte growth
factor; MMP, matrix metalloproteinase; MT-MMP, membrane type-MMP; MTT, 3- (4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide; PAJ, plasminogen activator inhibitor; PBS, phosphate-buffered saline; RT-PCR,




B A LB R T cefs-1

Nz &) fE), KKLS, NKPS (UL k2 #kid &A% hs AR
FEATAVEE & D ik 5), TMK-1 (LB RSEmHE S & b #4)

Tuble 1. Oligonucleotide primers and probes for the RT-PCR analysis
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Expected size of

Target gene Primer and probe”
BT ¥ PCR product (bp)
D6FE L, AFEALL 7206 EMHESE AL C & 2 KMST-6 (&K
] $§-GATAGCAAAGTAGTCATTCTGC-3'
26 A3 g 4] h fit 5. =7 Fif 2 g T e e coels- 5"TCAAG IGAG "
& 75 AR 4V A8 & b it 5) (7)‘ul THRECTH S, MR els-1 STCARGTTAATGOAGTCAACCCAY 259
EWE LTI 10% MY 2 IR 1LHE (fetal bovine serum, - AGAATICACCACCATCGAGA ¥
. . . - ATCAG AA 3
FBS) (Gibco, Grand Island, USA) & 50ug/ml%+<%4 & > wPA 3 AGGCAGATOUTCIGTATAGT i
e, KBR) %t RPMI-164033 (0 KBIE, ®E) % /8w wPAR ITTOCACAGCCTCMACCATAY. ass
F. SN HLRE BT T B\ T, 5% COEE T, 37CT 5.TCATCAGACATGAGCTGTGA-3
e | e S TCAGTATAGTTGAACTIGTTT )
mELL FAL1 5.AGAGAGCCAGATTCATCATCAAT-3' 2
2. 3 FIEH . TG 2
. 2 Jike e . .\ PAL-2 :'$ﬁé§%gg}gg¥}gﬁgé{}ggg 327
1985 1F & 1) 1993 4 O [ 12 &R A58 /B TH R IZ 5 TAGACTTCCTAGAATGTGCA-3'
B S ALz R TEEATA 103610 10 %R b~ 1) ¥ EE U R A % ot S-AACCACTTOTTCANCAAGATS 0
V72, EFIOWFIE, BIRIRATA 351, FLEURIRATA 74, oo
ey 3 Sk 2s g N < 5 ¥
LB AT A B3 B, HEATA 46, FIBRMIIAASA4BITH Y, e A A A A CAGTGAGG. 183
WRIBCIE, laflB L O I 176, THI306), Malis Lor 5 GAMAATCTGOCACCACACCTT. ¥
N . N . 3 -acti b 59
Oh ﬁjj 28 1}“ IVa Iy] ;,%3 S O'Vb ;gj 28 1 §) - f~ %[ﬁ,ﬁ‘ R 7 actin 5-ACTGACTACCTCATGAAGAT-3 2
I. EﬁzE-PCR & (reverse transcrlptlon-PCR, RT-PCR) ;I'ﬁCTTCAAGGACCGGTTCAW T' N
% A\ /- mRNA RO BR#T MM A TOCOT A TACGAGOCCCCACA Y o
1. ASAMIIEREA 5 O RNAHIH 5-CCACCTTACATACAGGATTGT-3
MMP-3 S.TATATCATCTTGAGACAGGCG-3 433
ML (L0 I Imld 7 A VYV ey (v RyY =, HE) 5-TGTATGAAGGAGAGGCTGATA-3
EMABH ST, FRICTSHMKEL, 02mloy ook MMP7 S CAGCATACOOA AT AR T ols
; 5-TGCCAGATGTTGCAGAATACT¥
Moz, EEBERICT2~3PBRE LA, #\wT4T
SZ—TGGCAGAAATAGGCT'ITCTCT-3:
12354 T 12,000rpm, 105}%@@ L7z EREHLVFa—7 M CAAGOATAGOAAGTACTAGR GAT e
WEL, 0.5mlof Yy 7o/ - v a2 TRAL, HBIRTS 5-TGCACCTGTGTCCCACCCCACCCACAGACG-3
B . e o NN TIMP-1 S:vGGC'l'ATCTGGGACCGCAGGGACTGCC;AGGT-3' 552
SR L7z, 4°CI2BVT12,000rpm, 1043 M0 L 7. 5. TTCACCAAGACCTACACTGTTGGCT-3
ImlD75% T8/ — b & AL, BUEEL 72 Rk TMP2  SOOAAGCTITIATOGATCOTCOATOTOGAGY st
% }J” s o ﬂ]}{! é -ﬁ- 7"- 260 L" j;s Lj’ % w, ‘![':& % 'ﬂ[] e L 1OD i’ S-ATGGCAACCCTATCAAGAGGATCCA-Y
Al = nm k- ol A 5-GCTTGCAAGTAACAGGCAAA-
40 g/ml & LT RNAMEE# S L 7o, RNAGURHI M 28K T P ACATCCOTOAGGACCATGAGA !
ZVT400g/mlicFHB L, 5l &K & RTHILE & 'PCR 5. TCGACGAAGAGACCAAGGAGT-¥
MT2MMP  5-CTTGAAGTTGTCAACGTCCT- 578
(RT-PCR) %17 7-. 5.GGAAGTGGAACAACCACCAT-3'
2. REPCR7 94 =B LU Ta— 7R+ T 7 LA F K MTEMMP  STATCOACATOACOTITOCCA S 461
5_GTGGACAGAAACACAATTGAC ¥
fe
DA S TGACATCAGTTCTAATGCAG Y
£112, RT-PCRIZIV> 72 28 WO SE 5112004 2 45 S 72 7 e 2 TGO ATCATCAACGTTOCAG-S s
JATTBRUTE TR, HRE LLRETEAT L SRR
Integrin-e« 3 2-A \ y '.‘H,‘ '~ v"v o087
j—:) 0) "(T\% %, ke |\ C'etS‘l, U‘PA k % ) %]JTJETJ\ J’A k L "C" 7 7 ¥ S-GATGTGGATGAGAACTTC TA-3
AI =T F =& —[HiEINT- (plasminogen activator Integrin. « 4 S OTAGIITOACATOTAGAGTOGT 422
. . 5-AAACTTTGCAAGGTTTTGTGCC-3
inhibitor, PAI)-1, PAIL-2, u-PASZ# K (u-PA receptor, u-PAR), S GCGCTCCACTGTACAGETGA
MMP & ZOWM#{5 - & LT, MMP-1, MMP-2, MMP-3 Integrin 5 AL TOATCARCCTOGTTCA ¥ sod
MMP-7, MMP-9, @R (membrane type) 1-MMP, MT2- ] . SUACGANTATICCAMACTOANC Y .
negrin- w6 2 -AACACTOICATCG SOEAT o1
MMP, MT3-MMP, MMPH# M ¥ (tissue inhibitors of F-ACTGCTGCTGCCGAAAATATCAG:3
N o g S-GGAACATGCTTTCTTCAAGATGG-3
metalloproteinase, TIMP)-1, TIMP-2, 4’ TN v Integrin ey 3-AAGGAGCTATGGCACTGCCAAAC-Y 064
o 5-CATCTCCATTAATGTCAGTGGCA- ¥
LTl e BLETRY T2y bOKLIZHLT, 12577 §AGTAGAGOTTATICTTCAGT )
. satin- GA ACH 513
v-a2, a3, -a4, -ab, -ab, -av, -31, -33, -34, gt GTAAGCATCCATGTY 5
N _ - - DAL TR S 5-CGGCCAGATG JAAGAA-3'
/9 5 7) /u J78 H‘::@{T} & L , C met, c-erbB 2, [*er[”m!u t L Integrin- 33 :%&é%ﬁgggéﬁ}gggﬁééﬁ?r}m 317
//3 iy 7 F ;5: RT-PCRV)}?‘J'%% (1: L t (E 1)_ 7°U — 7D ssz ]fflTh 5“GGTCTTCATATCATAGCAGG-3
a1 . 32 . 5-GGACACCATCTGCGAGATCAACTA-3
#iiE, 71 —7 13pmoliZ#f L [y -*P] ATP 50.Ci (Amersham, Iniegrin-,74  3-ACAGTACTTCCAGCATAGCAGCAG-3 378
o 5_CTTCAAGGTCAAGATGGTGGACGA-3
Buckinghamshire, England), K" X 7 L & F F ¥ 5 — L%l 5-GGATCAGCCTGAGGATCTTAATCTC.Y
Integrin- 35 5-TAACCTGCATGGCACTTGCATTC-3' 479

W [50mM Tris-HCl (pH7.6), 10mM MgCl,, 5mM ¥F# kL 1
;=)L (dithiothreitol, DTT), 10mM A%V 3 ¥ ¥, 0.1lmM

5-GGCCCATAGATCTTGCCAAACT-3'

“ The st oligonucleotide is a sense primer, the 2nd is an antisense primer, and the last is

the probe for Southern blotting hybridization.

EDTA (pH8.0)], 10HAIT4¥* F—¥ (Filig, TH) 5L UK

reverse transcription-PCR; TIMP, tissue inhibitors of metalloproteinase; u-PA, urokinase-type plasminogen activator;
u-PAR, u-PA receptor
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WHRAREMAERE20u1E L, STCIIBVTHHTERCEE
J2NA TN F A4 ¥ -2 3 LI,

3. RT-PCREGEB LYY 7uy bNA 7Y ¥4~
yarv

RNA 4 glZxf LCA Y I (dT) 77 4 < — (Perkin Elmer
Cetus, Norwalk, CA) 50pmol # %, 68TIZHB VT 155-H,
TZ—=)r VR, KRB TER L. RTRIGHEEHK
[50mM Tris-HCl (pH8.3), 40mM KCl, 8mM MgCl],
5mMDTT, 0.5mM 74 F ) FEX 7 L4F FiREW (AATP,
dCTP, dGTP, dTTP), 20H {7 RNase [ X (Promga Biotec,
Madison, USA), 3 & U4 AL EEERES (Life Sciences, St.
Petersburg, USA) #il%, @B20u1& L7z, 40TI2H VT
S OMEERIEZ TV, cDNAZEBLZ. 5l&# & 95TIS
BOTSHMmBL, SEERELRIES . ik, WR
L 72 cDNA 1,112%f L T PCR KIS #EH # [50mM Tris-HCI
(pH8.3), 40mM KCI, 8mM MgCL], 0.5mM 74 % ) KX 7
LA F FIRET, 258 Tag DNAFR A5 —¥ (Fili) B&
V& 4 50pmol D75 1 7 — % %, WEAELKIZL ) £E100
LI L7z, PCRIEIGWCHEHDNAY —<LH 4275 -
(Perkin-Elmer) # i/ L7-. #84M% 94°C, 100308, 7=
— ) ¥ % 48T, 257, DNAOMERZ 72T, 24 L, 2
NE1H 47 0E LT, 394 7 VHEIT Lok, BEMEEZ AT,
40, 7=—1 » 7 %48C, 15305, DNAOHEEZ 72T,
15208 TE L2549 4 7 ViTo7:. BHN7-PCREY%,
EEBIEL0VIZBVLT 2% 7T H T — A7 LV TERKKIER, +10
YAy Tl 714 0%— (Hybond-N+, Amersham) (Z#25 L
oo FADY ATV YT 4T —IZ105 BRI R L
T, DNAZ 74 V¥ —ICBELI. 740V —EN1 75
1¥—a YBEH [6XSSC, Ty MR (0.1%FK) E=
VETU Ry, 01%7 YMETVT I, 01%7 43—
400), 10%FEMETF X b5 >, 0.1%SDS, & U°0.1mg/ml+
& DNA] , 42 COEBAMIZBCTIRHO T LA T
V¥ A= arEfTolz. 20k, 0.05% (V/V) "PE#T
O—7%MAz, 42CIIBVTI6HEON, 754 E—-0 3
CHEFFhRot. 74N Y—32XSSCH L U0.1%SDSE &
B T45C, 150 0dEx 20Tk, H1E#HE 01X SSC
BIU01%SDS % &HigiihT45°C, LHOB®EL T /2.
Yok, X#7 4 )V 4 (Kodak, New York, USA) % Jil\»T=ik
F12~188Mod -5V 7T 74 =Tz -72. &
SIZPCREPEOMERZNI AL A= TFIAF—(E L7
1 va, HEDEAWT, MRS L7 0 — 7 DNAOREHE
PEEFHI L TIT - 72,

M. 7oFErABLTaLb0—-AAVITXTILFFRD

=174

c-ets-] mRNADE—T %Y > ORBI Fr2 & 17HKE
WHBSBE AT vy FryAF )T LEF R (6
TCGACGGCCGCCTTCAT-3) #&#&r LA, £/, 2> bo—
WA ) ITXZLAFRELTE, ATV ITX I LFFF
(5-ATGAAGCGCGCCGTCGA3) &, 7T F Ly AF ) ITX Y
VA F FOEERFIANTTREOLEENR2L I ATy FF
) IR bt F (5-TGGACCGCCGCCATCTT-3") #=#&tL
7. o) TXZLFF FIR) VBV IATFVEAAND
BEEFEHEETFICBRLRAFF 4o~ MA ) IR
ZUFFFELTCAREN: CREARK, HEH).

V. 7oF € XA YTX7 LA F RIS & D MRBAE

it DBEEORAFTTF - F)ITXILFFRE
10pg/ml® V) K7 = 7 F > (Gibeo) {F1E{LICHEMLIH RPMISE #
BT, NUGC3#Ile % 4RERIBE 2 L /-fk, B el &
MiERPMIEE L CHIETAHICLIDURT 2 2 F o 2L,
10 9% FBS &7 RPMIHE# 12 T & & (2 48 B E & el 7.

V. 9xx4>70Ov b

HEEMB A ) B A M AE K (phosphate-buffered
saline, PBS) (pH 7.4) 12 T L /2%, MN@@E#HE [50mM
Tris-HC1 (pH7.4), 0.15M¥gE{L>+ YU 4, 0.1%SDS, 0.1%7
*Fa— s+ ) v 4, 5SmMEDTA, 1%/ =7 v b P40,
1% MY F X100, 2pg/ml7 70F =, IMM7 v1{L7
ZWAFNVANKZN, 2ug/mlOAXTF 2 ImM A VIS
F U UEEF MY A TR L, 10,000rpm, 10 4 E S
IO AREmERIE L, BV ESR BB RRIL, 7
o547 vtAFv b+ (Bio-Rad laboratories, Richmond, USA)
FHWTEAEEL.. BoNABHSug & AR EHE
[50mM Tris-HCl (pH6.5), 10% 7V a2 —, 2%SDS,
0.03%70E7x /) — V7 =] 2% HL, 40mM DTT#IN®E,
4T3 DBEYEEINZ, 10%SDS-PAGE 247> 7. % 3,
1770751, MMP-1 04 Z1x, DTT % &{Me 3125
LMo 7, MHKEIBROY V%, PVDFIK (A&X I )R
TUIFy R, WE) WWEEL, 1%BERILEBE®LL

2o e &0
D LERRYY @
FOFEXE” &

‘ ¢= 259 bp

c-ets-1 & {h & @ w

p-actin g

@ * 592bp

Fig.1. Expressions of c-ets-1 gene and ETS-1 protein in gastric
cancer cell lines. (A) Detection of c-ets-1 gene by the RT-PCR
southern blotting. The expected sizes (bp) of the RT-PCR
products are indicated at the right with arrows. (B) Detection
of ETS-1 protein by western blotting. The size (kDa) of the
ETS-1 protein is indicated at the right with arrow.
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0.5% 7 4 — ¥ 2000 M 1) AR (Tris-buffered salin, TBS)
[20mM Tris-HCl (pH7.6), 137mM NaCl] IZIEE B+ 4°C, —M
BELCESERUDEZMEIE L%, lug/mlUHRL7-—RKIN
R ERT2MMRIE S 7z, AL v, METS1E /
70—+ VH 4k (Clone 47, Transduction Laboratory,
Lexington, USA), JLMMP-1% / 7 1 — J-)L§ifk(Clone 41-

e e &
S SORE? &
FOFENE” &

a <« 259 bp
‘ <€ 474 bp

@ < 330bp

c-met m***
L )

c-erbB-2 ®-® =

@ <« 183bp

p-actin

MMP-1 <€ 476 bp
MMP-2 <511bp
MMP-3 << 433 bp
MMP-7 < 418 bp
MMP-9 < 442 bp
TIMP-1 < 552 bp
TIMP-2 <« 601 bp
MT1-MMP << 591 bp
MT2-MMP . <578bp
MT3-MMP

<« 461 bp

1E5, B-H#EM, U, Hif4 v 77 v-a2 R s 0 —F ViR
& (AB1936, Chemicon, Temecula, USA), i1 > 5751V v
B1%E /7 2 —F itk (Clone B-D15, EAF, HH) H&
UAEEE L L THWRE-T 7 F v E 7 70— F ik
(Clone AC-15, Sigma, StLouis, USA) T& 5. 0.1%BiEH3L
WL 7205% Y A — ¥ 20iR I TBS (2 THEiE#E, 0.1xg/ml
WZHRBE LTV RAT7 7S —EE#RN~ Y X 1gG
(AP192A, Chemicon) & % \* it i 4 % IgG (AP182A,
Chemicon) # ZiRT4SHMRIC S ¥ 72, HERRERE, TLh

)74 A7 7% —¥HE (BCIP/NBT Plus, Moss Inc,
Pasadena, USA) % Fl\w TR, Bt sg7.

V. ELISA
AR O G fhCR ER, HEWEWIIL, ME PBS T2
ik, MEMIERPMI-1640 8530 C 24 e MIBEE L, £ OR#ER %

3,000rpm, 10430 LIibEZRFE L. &6 % RFb
D u-PAEHPIEE % u-PA ELISA % v b (TintElize uPA,
Biopool AB, Umea, Sweden) % Hl\>THllsE L7z, BRI &#
ZoWT3Ee 25T L 72,

"o %

Integrin-a2 U.- @ - ‘ <485 bp
ol <« 422 bp
-5 < 564 bp

J— 397 bp

-06
Of Log7 bp
-av < 664 bp
-1 <« 515 bp
B O® @ e @ <
_‘35 m <« 479 bp

C

Fig.2. RT-PCR Southern blotting analysis of c-efs-1 and
metastasis-related genes in gastric cancer cell lines. (A) cefs-
1, u-PA and u-PA related genes, proto-oncogenes, and internal
control. (B) MMPs and MMP-related genes. (C) integrins.
The expected sizes (bp) of the RT-PCR products are indicated
at the right with arrows.
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DAFNVNFFTS =N T 72T NIy aTaATA R
(3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide,
MTIT) #Ez21To72. Thbb, RKTIAFv I TL—}
(Nunc, Roskilde, Denmark) (28T, Az si#Ek, &7
b2, BRASIERE0.2mg/mliZF%E L 722 MTTHEE (Sigma) %/
A, 3TCIISHREELA. MBLORTIZL Y ELBERE
WE I AFNVANFRF Y FCTHELL, HE40nm DRILEZE
A 57— —TilE LTl Lz, ERISEIEC
DV T3ETOHEFT L7z,

Vi sEfEf it

T 74 ABI0%F N YEEER LD 4pymOYP/FE
el L, BiosT 74 YBEEESRLVTF S V-V ERELT S
72 0.3 % EEALAFEAMRI X & 7 — V123057 MRk L, PBS
THEH L7z, RIS, SEFRNMIERAKLERIES 572012
10 % 1E% v ¥1Mi% (Dakopatts, Copenhagen, Denmark) iZ 20
SRS &7z, lug/mlcHFRLA—KiikE —H4TIC
TRIE &7, A Lafifkix, SLETS1HY 7 v —F ik

(C-20, Santa Cruz Biotechnology, Santa Cruz, USA), #iiu-PA
EJ 70—+ )VIi{E (#3689, American diagnostica inc,
Greenwich, USA), HiMMP-1€ ./ 7 O —F VK (BLER)
Tdhbh, PBSIZTHE LR, E4F /b~y A IgGHE
(Dakopatts) (ZZERT2RERKG ¥, DPWTA LT MTYE
Vv EFFr - RVFF Y- EEAEII0 RIS .
0.04% 37 3/ X¥F ¥ (Sigma) B THE S, 03% A
FNTY — 2 TR T, BEaryto—-ve LT, E
HEBEOL0%F V) YEEERTEALZ. Bkar o
— M=k L U CIRIEER v v AfiEE VT, B
GHEBELNLWI L FHE L. PAMRED 10 %L EA%Y:
mEan-b0EBEEE L THE L.

K. #Eteomty

MEMIZETEESD TRLUA. BRFBEEWET & OB
13y HRSE CHISE L7z, A H#E Kaplan-Meier i % H v Tk
ML, 2B A EEIT—#% L Wilcoxon #R7E & FI W CTHIE L 72,
SR EIRHITIZIE Cox D IEFINF — FEF V% 7. ELISAD
I ER R I 1d Mann-Whitney RE % Fiv7z. win b fEfk

Table 2. RT-PCR analysis of c-efs-1 and metastasis-related genes in gastric cancer cell lines

Expression of gene in cell lines

Gene MKN-45 NUGC-3 KATO-II NKPS TMK-1 KKLS
c-efs-1 + + + + + -
u-PA + + + + + -
u-PAR + + + + + +
PAI-1 - + + + + -
PAI-2 - + + - - -
c-met + + + + + -
c-erbB-2 + + + + +
MMP-1 + + + + + -
MMP-2 - - - + - +
MMP-3 - - - + - -
MMP-7 + + + + - -
MMP-9 - - - + + -
TIMP-1 + + + + + -
TIMP-2 + + + + + +
MT1-MMP + + + - - -
MT2-MMP + -+ + + + +
MT3-MMP - - - - +
Integrin- a 2 + + + + + -
Integrin- « 3 + + -+ + + -
Integrin- « 4 - - - - - +
Integrin- & 5 + + - + + +
Integrin- « 6 + + + + + +
Integrin- ¢ V + + -+ + + +
Integrin- 3 1 + + + + + +
Integrin- 83 + + - + - +
Integrin- 3 4 + + + + + -
Integrin- 5 5 + + -+ + + +

Expressions of c-ets-1 gene and metastasis-related genes in gastric cancer cell lines were examined using the RT-PCR
following Southern blot analysis. The expression patterns were classified into two groups. =+, positive; —, negative.
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5%KiEb > CTHEES ) LHE L7
154 &

[. RT-PCRZEIZL P FEFABEMIICE TS cels-1
mRNA %3 & SBEERE T ORIBORIN

B AMPARR6BRIZ BT B coets-1 L ERHER T ORET 5%
B2 RT-PCREBIPFY 225 v 70y MEE W EITFL
(M1, M2). £8P AMBORETFRROMITKERE F Lo,
F2IIR L7, cetsl1 DmRNAB L PETS1EAORBIL 65D
A AMBARRD 5 5 KKLS % R\ 72 5 B ORIRa#E TR b7,
ZOSHIZBWTIE, FBIZu-PA, MMP-1, TIMP-1, £ > 7
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Fig.3. Effects of antisense oligonucleotides targeted for c-efs-1
gene on MMP-1 and integrin- 2 expressions. Black column,
culture without oligomers; white columns, with antisense
oligomers; hatched columns, control oligomers.
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Fig. 4. Effects of antisense oligonucleotides on the production
of u-PA and the proliferation in NUGC-3 cells. (A) The relative
u-PA antigen levels were calculated by the ratio of amount of u-
PA antigen in antisense-treated cells to that in non-treated cells
and are expressed as X + SD of triplicate cultures. (B) MTT
assay was performed at the same condition as above. The
relative proliferation levels were calculated by the ratio of
amount of proliferation in antisense-treated cells to that in non-
treated cells and are expressed as X == SD of triplicate cultures.
Black column, culture without oligomers; white columns, with
antisense oligomers; hatched columns, control oligomers.
* p<0.05.
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Fig.5. Immunohistochemical staining with anti-ETS-1
polyclonal antibody. (A) Well differentiated adenocarcinoma
of the stomach. (B) Epithelial cells in normal mucosa. Bars in
(A) and (B), 50 xm.
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Fig.6. Overall survival rates of patients with primary gastric

cancers, according to ETS-1 protein expression of tumor.
, ETS-1 negative patients (n=30); , ETS1 positive
patients (n=73). *P<0.01,
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2HFET- L ETS1IRR OB R L. SMEETE, S5t
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DED -7, BEEERETE, REEVEEHBICE L NE
FEBAILBOTHEBERIT4% E BT FTAC L THEEK
BEELRLZY, REFESLAIRI & SHEIBD N2

Fig.7. Immunohistochemical staining of u-PA and MMP-1.
The examination was performed by using the same specimens
as presented in Fig. 1. (A) Immunostaining with anti-u-PA
monoclonal antibody. (B) Immunostaining with anti-MMP-1
monoclonal antibody. Bars in (A) and (B), 50 2 m.
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Fo. RICEREOEES AL L, FFERBTRSEAICENT
ETS1DOFEBRAVHETH ), MEEMIILEEENFZD LN,
LaL, U oREiinR, BEIEE S SHEFBRO O ko k.
FHREOEEERF LA, ETS 1 MG O 5EEFERIT
68% &, BEMBID40BIFLTARTHY), MBEMICEES
AHED SN (M6)., BIZ, ETS-1OFHRIIHT2ELE, ¥
ERFOEEETROTHRE TS0 Cox DN — FEF

VERWTHRE L2 A, ETSIEHBHERE, SLE, E
EE, JUSHEBIZLELT, ROTFREMNLTEADH A
HFTHEIENFHASHE R (FY).

2. u-PAHB L U'MMP-1%8 & DR

RAKMMEHIIBITS, vPABABLUMMP1EHOHKE L
ETS1ZAHORB L OB %R L2, uwPA, MMP1&MIZ
VRS PAMBOMREICHEE AR, 103EFT, uwPARE

Table 3. Correlation between ETS-1 protein expression and clinicopathological findings

No. of cases
i No. of . p-value
Variable cases ETS-1 expression by chi-square test
Negative Positive

Histological differentiation
Differentiated 42 7 35 0.0367
Undifferentiated 61 23 38

Macroscopic type
Localized 48 15 33 0.8213
Infiltrating 55 15 40

Depth of tumor invasion
Early 5 3 0.0445
Advanced 95 25 70

Hepatic metastasis
Negative 93 30 63 0.0324
Positive 10 0 10

Peritoneal dissemination
Negative 88 27 6l 0.5443
Positive 15 3 12

Lymph node metastasis
Negative 20 4 16 0.4161
Positive 83 26 57

Lymphatic invasion
Negative 7 4 3 0.1895
Positive 96 26 70

Venous invasion
Negative 55 20 35 0.1302
Positive 48 10 38

¥ Expression of ets-1 protein was scored as positive (
cells were positive).

>10% of tumor cells were positive) or negative (<10% of tumor

Table 4. Results of multivariable analysis by Cox's proportional

hazard model

Variable

Multivariable analysis

Histological differentiation

(differentiated/undifferentiated)

Depth of invasion
(early/advanced)
Lymph node metastasis

(negative/positive)
ets-1 status
(negative/positive)

F-value P-value
0.6389 0.4241
1.2118 0.2710
3.6866 0.0449
7.9352 0.0048




662 i

Table 5. Concordance of ETS-1 expression with u-PA and MMP-1 expression

No. of cases
. No. of ) p-value
Variable cases ETS-1 expression by chi-square test
Negative Positive
u-PA expression®
Negative 38 19 19
Positive 65 11 54 0.0008
MMP-1 expression”
Negative 26 13 13
Positive 77 17 60 0.0139

“ Expression of each protein was scored as positive (>10% of tumor cells were positive) or negative (<10% of tumor

cells were positive).
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Abstract

Transcription factor ETS-1 protein is one of the end effector molecules of the intracellular signal transduction pathway
activated by extracellular stimulation such as growth factor or cytokine. It also regulates gene expression of factors related to
proliferation, differentiation, and maturation of the lymphocyte cell. Moreover, it has been demonstrated that matrix
degradation enzymes and adhesion molecules regulated by the ETS-1 play an important role in cancer invasion and metastasis.
However, what is still not clear is the function of ETS-1 protein in its relevance to cancer progression and malignant
phenotypes. Thus, this study focused on ETS-1 protein and c-efs-1 gene as an activator of malignant behavior for gastric
cancer. In 5 out of 6 gastric cancer cell lines, expression of c-ets-1 mRNA was detected by reverse transcription-PCR
analysis. These five cell lines with c-ets-1 positive expression were all positive for the mRNA expression of u-PA (urokinase-
type plasminogen activator), MMP-1 (matrix metalloproteinase-1), TIMP-1 ( tissue inhibitors of metalloproteinase-1),
integrin- « 2, - @ 3, - 2 4 subunits, and c-met proto-oncogene, whereas one cell line with c-efs-1 negative expression was all
negative for these genes. Treatment of NUGC-3 cells with c-ets-1 antisense oligonucleotides inhibited the expression of ETS-
1, MMP-1, and integrin- « 2 in a dose-dependent manner and reduced the production of u-PA from NUGC-3 cells. These
results suggested that ETS-1 protein up-regulates the expression of MMP-1, u-PA and integrin- « 2. Seventy three out of 103
(71%) samples of primary gastric cancer tissues were positively stained for ETS-1 protein by immunohistochemical staining.
Expression of ETS-1 protein was correlated with histological differentiation, depth of invasion, or hepatic metastasis of gastric
cancer, and was confirmed to be an independent prognostic factor in gastric cancer by Cox multivariate analysis.
Furthermore, ETS-1 expression was correlated with the expression of u-PA and MMP-1 in gastric cancer tissues. These
results indicate that ETS-1 expression can contribute to promoting malignant behavior in gastric cancer by regulating various
proteinases and adhesion molecules.



