;stuve3deKrKl 6Tr _ RUNX3 GENE SHOW NG ANTI - TAR ACTI VITY AND USE THEREOF

FI ELD OF THE | NVENTI ON ' 159159 5 The present invention relates to the RUNX3
gene and uses thereof as an- i agent. More specifically, the
present i Wﬁ%gbéiﬂwr el ates tojmwmﬂ{lﬁ@ﬂ"lmﬁtl on of the RU /&ﬁﬂﬁool%lts
expressi on and tunor suppres ¥ and its use in the devel opnent of
cancer di agnosis nethods and 10 afwzrancer agents. BACKGROUND OF THE

| NVENTI ON Tunors are assenblies of cells that show excessive 15 aut ononous
proliferation, and are classified into malignant tunors, which may result

in death, and m‘gnmg@ BVRVEI-TUMDR CRFrIRA T# Ap Q8E ThHBREGECr | M nate
bet ween t hese types. Ncers are genetrc diseases a t he

mut ati on of genes such as oncogenes and tunor suppressor genes, and their
20 causes can be found at a cellular |evel. Oncogene produg

signaling network within cel| SIEBPOFTHE; INENIION| n regul a

mwconsti tute a
transduction systens for cell division and differentiati on., W”MWW

regul ati on becones abnornal, cells do not differentiate furthersodut rather
di vide 23 infinit@le/;pldidinti SinveReYoRCERIRLdLTRE | BROT RUNKS GeMEY afigul d be
found to enabl e such an abnormal signal transduction pathway to be
converted i nkesathered asnen anticaeer agget! s Moxd dpbei fitasllgpedhéhat
woul d obtain excellent therapeutic 1 effects without side effects. At
present, campEesentrényenticme raldstepaite wchazaeterizathppe ofiaybe WUNK3sur gi cal

t herapy, chem cal ,therapy, gnd radi ation therapy, I n practice, cqnbinations
of those & GRBFApiES GYPYSRSING: 2BONBIARE | SHPRECOHOT a2l Tt apPdanss

preval ent. Hagever, t%e"a&@éao‘pﬂsg]@pyoﬂ scgﬁ@ézere%g?ws@; hﬁgt&g&gkaahas kil

t he pai n acconpanyi ng therapy and nmetastatic condrtions are eninto
account .10NuRREt@UYSnEeY ia@Aesl agents have been devel oped, nost of which are

based on the 10 selective killing of cells that are actively dividing.
However, these anticancer agents suffer fromthe di sadvantage of al so
kKilling some normal cells, such as ingune cells and hair root cells, with

concom tant significant sid , not able to be used for
| ong periods of tine. 15 Therefore, there remains a need for novel
anticancer agents. A therapeutic agent based on the causes of cancer m ght
be expected to berld Yard f agbéntsridnd 60 kavesf ewaer dMpwace&grdiveng side
effects. Abnormal activation of oncogenes induces cell 20 proliferation,
and i s dbe casecmbéusgpEriferatiomt rast , atainolassiufpedssoto gemciggriantcti on to

prevent abnormal cell proliferation or to trigger progranmed cell death
(apopt osi s) .tumPréEn, Whifforayuppieldsdr geddy Pl“gga%’i*l‘!ib §F5 RYEFr the

cell's with abnorml |y agtivaled ncogengs,fhus RLSYEAL ngLhe 25 Lormation
of cancerous ceﬁs. ere tunor suppressor genes SnNoOw norma ac’ﬁ vi'ty,

cells with hpeerdl byeagbh¥ed €0 LNGRASNAT LEANNAG NP IRS SmiteWabd egncer,
but are anni hilated. Thérefore, to becone cancerous cells, cells nust have

2 I nactdenasesuthinay cagppenss @ndgemnsr auppeessars getiesy admedl thred@genes.
One of the nechani sns by which tunor suppressor genes
20 causes can be found at a cellular level. Oncogene products
constitute a signgling network within cells, and are involved
in regulating sighal transduction systems for cell division
and differentiation. When their regulation becomes abnormal,
cells do not differentiate further, but rather divide
25 infinitely; that is, they become tumorigenic. If a way could
be found to enable such an abnormal signal transduction

pathway to be converted into a normal one, anticancer agents

could be developad that would obtain excellent therapeutic
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are inactivated is by hyper-nethylation of CoGislands (Jones 5 and Laird,
Nature CGenet. Vol. 21, 163-167, 1999). Methylation of CoGislands is
performed by DNA net hyltransferase. After significant nmethylation, DNA

bi ndi ng pr. | uch as nethyl cytosine binding proteing2 N5 bind to
t he nethyﬂgégg&§$?osine of the DNA, which 10 recruits higggne ggg%etylase
(HDAC) to repress gene expression. In detail, HDAC renoves the acetyl
groups associated with histones, and the chronobsonal DNA in the vicinity of
t he deacetyl ated hi stones beconmes dense, which |leads to repression of gene

transcripti ggfeétfs gdggﬁfb,igsﬁn irgffé&{g_i s repressed by DNA net hyl ati on, DNA

nmet hyl t ransterase or Itors may be useful for inducing gene
expressi on. TUNDIAtS YRREEASO! cHIRAS \MIRS EcRX PheSHoed partepeessadl Ly DNA
nmet hyl ati on are exenplified by RBl1, TP53, VHL, CDKN2A, CDKN2B, M.Hl, and
APC (Jones thre@Owapsrdwikht wuggdeakt theokpy21chemBralo7thayg),. ard
ment i oned prevjously, histone acetylation and q%&fet | ati on are, known to

pl ay i nport 5AE13%0®s FReFaJU ati Ay DR ASRscrS 1Bﬁ¥?'?f’%ul9§ry5‘ﬁ‘?%e cells
(G unst e} ture, . 389, - 3% 7 al urring
corrpoundés hg/b/éér%%e%ee%rf %&ﬁégég pr eyéﬁ?g%:aeq I gggﬁp%%tﬁlr%gr%%esl%% _ t%%/\é/ajr d
cancer by iphévdldity HPRwevEXenBhédicad QY)_eE%WOi% NordfidrgB@stat bohéx and
depudeci n, HDAC i nhi bitors have been studied for their ability to reverse
t he transfothetamiesofwheantberopainebtsompany3ng thetdpy HDAC neathisbatoe s,
depudecin is the best characterized as to its anti-angiogenic activity in
vivo and i nCondteionsn akRli SREAN (INECHDARSIWN-bi t JHEeKaYe FEEACRERF ed with
regard to cellul ar, responses, _includin el l. cycle interruption,
alteration S?eré snehae‘%epr eesfasnﬁ gr?vﬁg??%érj'njsr&%nc?% nagcti rrleo_g’a g%p?%siclg? The
TG (erny Sbgﬁ.‘@étit\{eaniﬁyﬂﬂaﬂ_n orystemsd s twat! kRowRckelely s divIBAn§UPPT €SSOr
activity. The binding of TG~ (err) to TG~ (err) receptors causes the
activati on #bwéher,r eahepéosrstiasiniceh agentd suffiemdiromatbe Shdexbdynategeas by
phosphoryl ati on. Once activated, Smad proteins nove into the_nucleus and
regul ate geRé a%pP ekklidmd §orsopereal ¢ieliSr hSBEReS t FaRSEr cBLidnakdct or s,

t hereby suppressing cell, divi,sion or inducing a tosi s . ) ue et al.,
o< Y03 ( 328 0E0Gh 8 Distio s ths alhed AT, R oBR R Rt AR act o s
that physically LALerad gt BoSoed, PEOtRIdS fanBh Sfelogs e Bifb, Chem
274; 31577-%15%2, 199%% nDeI et |§on or rrutéétalson o? T%Ie:&% roecsept ors or Snmad
genes i 350bghaevetbid) ehklke fémaidls @URebdPEST dfovranaaticdmeert WaehtsUPPr essor
activity of TG--(err) receptors 20 was al so denmonstrated by an experi nent
in a cell s#ra&hearapediisg adeatTERsedr o) Ekeepruges Wierranigercaightake

transformed t the TGE: ept Il proliferati
odnced andStORGH FohEs i WASHELr BREEE T aRdsagy PR hulE" mTe Penang e

al ., Cancer jResny aﬁnglgl-%eé@egggg, 1 997). The 25 TGF-(err) signal
transduction sysk?em IS well characterized as to the repression of cell
proliferation, wWnambrinalachieniedtbyn pr @t i 8gcddenedxpr easuads of cekhe CDK
i nhibitor protein p2l1. However, the mechanism by which TG (err) induces
apopt 0si28 4prolifewatiins,t @nde i eene ycaysr i dbit egncREBP2 Ihpstopdmasyi r us
enhancer bi ndi ng protein 2) is com%osed, of two submiits, a and Vii,_ There

are three g&HBSTWTUPRTEFRYucIENSS a THABAR . TO RBNRYPRPEBPPRCEITBFAS AML 1,

proliferation or to trigger programmed cell death (apoptosis).

Often, tumor suppressor genes trigger apoptosis to kill the
cells with abnormally activated oncogenes thus preventing the
25 formation of cancérous cells. Where tumor suppressor genes
show normal activity, cells with abnormally activated
oncogenes cannot progress toward cancer, but are annihilated.

Therefore, to become cancerous cells, cells must have
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5 RUNX2/ PEBP2a A/ C~-FA2/ AML2, and RUNX3/ PEBP2a C/ CBFA3/ AML2 (Bae and Ito,

H $tol. H stopathol, 14(4):1213-1221, 1999). The RUNX1, RUNX2, and RUNX3
genes show honol ogy of about 6070~ in am no acid sequence anong them They
are highl Xﬁﬁ%‘/&(ﬂﬁ ed evolutionarily, wth honol ogy of ab?é‘fﬂ(?@l%i??ﬁt ween 10
nouse and hunman. Regarded as an inportant causative gene In |eukem a, the
RUNX1 gene becones associated with ot her genes by chronosone transl ocation
to cause acute nyeloid | eukem a or acute | ynphoid | eukem a in humans
(Myoshi et al., EMBO J., 15 12:2715-2721, 1993; Ronana et al., Bl ood,

85: 3662- 3670 995; uda et al., | opd, ' 3134- , 98: et al.,
Cell, 89: 3211:1%%&%{6?&);%(3 %ﬂ%&gﬁéﬁe %%gieyss gsc%eg’ﬁal %golaé: tﬁgggd

ost eogenesi gnc@dihdst.s di sruption has been inplicated in causing

cl eidocrani al dysplasia (Konori et al., Cell, 89:755 20 764, 1997; Lee et
al ., Nat. Genet. 0On&5030%hdlAecHismsMibydiwbsickt tahor $Wddres88r7¢ends9, 1997,
Oto et al., Cell, 89:756-771, 1997). Also, it has been reported that the
RUNX2 gene ahewsnastdageadcladyi hypgrimethyéatbemetf 6RGoiskands |(Ipgephoma
(Stewart_et al.., _Proc. tl. Acad. Sci. U..S. A, 2 4(16):8 - 8651,
1997y. The ?sz{IXSLﬁéﬁé' vvaNglaitH’éﬁti g?@ﬁtby yﬂl]a pr &dent i’%ﬁé‘%?br s%g?/gr al years
ago as a megbery plcihe PEEP2 dagm | Yo(BRg, ot @ . pERRemolbO( B): 24645,
1995: Levanon e¥ al., Genomcs, 5 23(2):425-532, 1994). wever,

di seases asmethyplwdnsifebhagde act Afedr onsighifnesiht vahethyletithe RORX3 gene,
ot her than what we describe in this invention, hasn't been reported. 5

SUMVARY OF Wpiiding/BNmgEdnise &tichg aso mekbybr eseeainenvaimdiog, prateimo? ough and

i ntensive research on di seases associ ated with,the actjvation of ,the RUNX3
gene, condué’f’lE(aP%)y ?Mp?%s&h? PRVRRReS . SYGOPiRel PEA PR ONB f WREFRg t hat

RUNX3 h ivi ty, RU LSe i N bl
e, BRSNS IMEGT (ST, b Wb R0

net hyl ati onegprédsiomear RUNY3texD) UDRE CGlaRe¥ Caid ehabegl WgrBupancer
devel opnment. In the present invention, the RUNX3 15 gene is characterized

as to its enpeestatmyd awmtkh uhbstangspr essbrthet chiemgsapkfieriNdg ithethe
possibility of develo ing cancer dia%nosis nmet hods and anpti cancer agents
?

fromit. Th¥ighptexiokstBe feecemdetRt NATEPRSDNPSTEESy WNGEY d¥PéRhe t unor
suppressor Lvity of the RUNX3 ne d i hani sm .and provi de
a di agnosti ggrgr%f ho¥ an%épafetsﬁgrg%(peg icgeg%ent%gfagrgég%gr ‘base ongtgﬁ% t unor

suppressgr agpr¥sddorPf RINX3.rehPedsd evenyt he prROVengbherddivas, tBRApPresent
invention provides a cell strain having a sense RUNX3 cDNA, in which 25 the
RUNX3 cDNA imethyktrangfeeased,omndDACceinhidtitars heay npeanusefiulsefise RUNX3
cDNA, in which the expression of the RUNX3 gene is inhibited are provided.
Al so, the pri8sBRINg n\BEAL| FrRFESTitRs a RUNDEB EBRRISFIH 69enest whope

SUBDr eSS0r BEbLUIR1S ELSEEE RN MLty I BB EASH oy

i nvention, ¥ uci

TG (err) - degenderpls 32PQIHLOS ICHKNEAI NEDR{DB, SMLRL NSahdahpei tIBheOVAREXPT €SS

RUNX3 cDNA or selectively 5 inhibit the expression of the RUNX3 gene.

Addi ti orpal | airt, i NatslrenmSehéial Vidle Blpredsdedn DISRUNX3 gene expression in
various cell lines can be attributed to DNA nmethylation in the vicinity of
exon 1 of the RUNMB desntiopg@ft herevithslyr esbietrh¢ entrofy itdendesnd

deacetylation are .known to play important roles in regulating
DNA transcription in eukaryotic cells (Grunstein M., Nature,
389, 349-352, 1997). Some naturally occurring compounds have
25 been found to prevent cells from progressing toward cancer by
inhibiting HDAC.' Exemplified by trapoxin, trichostatin A,
and depudecin, HDAC inhibitors have been studied for their

ability to reverse the transformation of cancerous cells. Of
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10 pharmaceutical conposition including the RUNX3 gene or its protein.
Finally, the present invention provides uses of the RUNX3 gene and its
proteins in the devel opnment of anticancer agents and di agnostic net hods. 15
BRI EF DESGRLRIA&NEOF THE DRAWNGS Fig. la is a cDNA nucl ggirjf&gl,&ﬁﬂuence of
t he human RUNX3 gene with arrows denoting the primers use or RT-PCR 20
anal ysis and bold-letters denoting the translation initiation codon (ATG
and translation stop codon (TG). Fig. |Ib continues the cDNA nucl eoti de
sequence of the human RUNX3 gene fromFig. la. Fig. Ic is an amno acid
sequence. deggefinhé O 8 2857 181 15hene QA of ﬂm&%g%eﬁ%u 3 gene
showmn in Fig. la. Fig. 2a 1s a nucl eotide sequence sﬁovm ng I sl ands
present in esontd ahtihkendioyeniBUNXBigene M thivo sidd® Useditvo.a prebe in
genom ¢ DNA Sout hern bl ot anal ysis denoted by 7 underlining and a
transl ati onafditicn,i dihecdPE LATFL)ittmsotherebbepol dtiditadewsithl rEggrd2b
continues the nucleoti de sequence of the CpG islands present in exon 1 of
the human RERXF HgaFr(fﬁisPP@?e%! 24nchdings ?%lﬁanC%?}teoréHYWP%sul ting

and SWULD. RESCRECEY 85 ARy ab aas ST BaReehan ot AR EI Rbe. ros,

havi ng a segpept¥d¥e3 gene, express the 10 antisense and sense RUNX3 genes.
Fig. 4a is a graph in which counts of viable SNUL6- Rx3AS-cll cells are
plotted with regdte {TGFEP neigradlongansdictites aystem his ceeltlr dnoShlUE6rcel | s,

after treatnment with 1 ng/m of TG (i to analyze TGF-%err -induced cel |
death. 15 Fil§S EW9% SYPPRESIRST ASHI¥ABW ndhenbirding f dFFrheo TGF-P

o ot BT S5tgofled " IO DS, IBLAN 08 L0 SR PGS o1,

and SNU16- Rx C er treatnment w hours so

as to daper wups WaetRefteRUBKSd T Sprdteghy¥edpy N ghphekylScididuced opeggr amred
cell death 20 pathway. Fig. Sa is a graph show ng that the size of the

tunors fornadtivatedie Smade pyoteineaseveedriper ithdi aatlgud candwerguddtdays
after the subcutaneous injection of SNUL6-Rx3-AS-cll and SNU16- Rx3-AS-c12,
bot h havi ng 9PBSt r $XRIEFSRONX3L X FIPERSF IR Aue W2Eh t PtheE obERDISHHPESSNON Of

the anti UNX3 herein: and control - SNUL6. whi ch_ex th
RUNKG gene BOPRETTy . IGehn PUPFGPABH | Touhi O CahBPs Tor MREEA Aude. m ce

were measur gl £05s 54 Zempesd i Gl | 1 foXcOVEr a3 day . A5-8098 2000) .
15 Runx3 is one of the transcription factors that physically
interact with Smad proteins (Hanai et al., J. Biol. Chem.
274; 31577-31582, 1999). Deletion or mutation of TGF-p
receptors or Smad genes is observed in cells of various types

of cancer. The tumor suppressor activity of TGF-f receptors

20 was also demonstrated by an experiment in a cell strain
lacking the TGF-P receptor. When the cell was transformed to
express the TGF-f receptor, cell proliferation was reduced

and tumorigenesis was decreased in an assay in nude mice
(Chang et al., Cancer Res., 57 (14):2856-2859, 1997). The

25 TGF-f signal transduction system is well characterized as to
the repression of cell proliferation, which is achieved by
promoting the expression of the CDK inhibitor protein p2l.

However, the mechanism by which TGF-f induces apoptosis

4



t he subcut aneous injection of control MKN28, which does not express the
RUNX3 gene, and MKN28-Rx3, in which a RUNX3 cDNA is expressed. Fig. 5c
shows a conparison of cancerous nasses excised 5 fromthe mce sacrificed

on the fi f the experinment. Fig. 6a is a schematj ' owi ng the
r\@#m?ﬁ&éos& @{ﬂa@l‘%ofﬂ

structure 0 UNX3 cDNA with arrows denoting the RT- rimer
positions, and a striped box denoting the Runt domain, which plays an
inportant role in binding of the RUNX3 protein to 10 DNA . Fig. 6b shows
the results of el ectrophoresis of RT-PCR products obtained fromtotal RNAs

of 15 gastriensf{C&o 86! t14d6SeDYcitited. pairs of PS-N primers (PS-N),
PS-C prinmers (PS-C) , hunman PEBB2(err)/ CBFB cDNA priners (PEBP2(err)) , and

human (err) 15 adEBR2cOdélponaenvsirisi eahénedr hhedirte pesidins f Sout hern
blotting (PS-C ST}. For the Southern blot analysis, RT-PCR products

obt ai ned byceompossgd R Ctye i Aelrmitger ¢ hymd i Bli ze@hekeh aRENXBre®Ngenss a pr obe.
Fig. 6c shows, the resgl ts of elect r‘ng)horesi S roduct s obt ai ned

1 of RT-PCR 2
fromtotal ofS"PPAR NPT afe e FURWIIT 5 nBUNKL/ REBE 26 52?&@2&%5 N
( P . | P !
e LPSulh Sk MG . B YA T

((err)-actin) , to analyze the I's a
schematic il(Baet aadli roghoMigngl ! eHistaathidl25 1@ndy nE213-1@21j n1Bbe)yvicinity
of RUNX3 exon 1 and the CpG frequency within- typical CpGislands, with
thi ck bars d@baoRVMgLt RENEsi and RBK3agengs fshaymbenoleayl ef aboprobe-in

Pt ORI R ENC N SRR THEE AR
TN A oS XAl USRI SR 0"B Ui S BRLRPe:
10 mouse and human.

Regarded as an important causative gene in leukemia,
the RUNX1 gene becomes associated with other genes by
chromosome translocation to cause acute myeloid leukemia or
acute lymphoid leuwkemia in humans (Miyoshi et al., EMBO J.,

15 12:2715-2721, 1993; Romana et al., Blood, 85:3662-3670, 1995;
Okuda et al., Blood, 91:3134-3143, 1998; Okuda et al., Cell,
84:321-330, 1996). The RUNX2 gene plays a crucial role in
osteogenesis, and its disruption has been implicated in
causing cleidocranial dysplasia (Komori et al., Cell, 89:755-

20 764, 1997; Lee et al., Nat. Genet., 15:307-310, 1997; Mundlos
et al., Cell, 89:773-779, 1997; Otto et al., Cell, 89:756-771,
1997). Also, it has been reported that the RUNX2 gene shows
oncogenic activity in the formation of T-cell lymphoma
(Stewart et al., Proc. Natl. Acad. Sci. U. S. A.,

25 94(16):8646-8651, 1997).

The RUNX3 gane was identified by the present inventors
several years ago as a member of the PEBP2 family (Bae et al.,

Gene, 159(2):245-248, 1995; Levanon et al., Genomics,



5 genom c DNAs were isolated fromthe cancer cell lines and treated with
Smal (upper), which can not digest nethylated DNA, and BamH (| ower) ,
whi ch can digest DNA irrespective of DNA nethylation. Fig. 8 shows the
resul ts ofygl phoresis of RT-PCR 10 products obtai ne al RNAs
of NUGC3, ‘IV\EI(\)E 6fﬂ%gnd MKN79 after treatnment with 5-aza- 2-5%@)?3%({0?& ne (AZA,
300 nM or trichostatin A (TSA, 1 mM), separately or in conbination. The
results indicate that the treatnent with the DNA net hyltransferase

i nhibitors or HDAC inhibitors allows the 15 RUNX3 gene to be expressed.
DETAI LED DESERS PT2eNseh, Ti 654 NVENGLEMet N R aRe8S885od @Rl W the rol e of
RUNX3 in cells is 20 elucidated. For this purpose, a sense RUNX3 cDNA or an
anti sense RbbKBvaildA b imdctddacédn it cheeRUSX3 eedetl, abtheah thiahawhst
over - expressi ng sense or antisense RUNX3 RNA, respectively. Therefore, in
one aspect B¢ €¢rRchibeséntthid dpveskiomehrsnht |heens ragperticdyi ded that har bor
a sense RUNX3 cDNA or an antisense RUNX3 cDNA to excessively express the
RUNX3 protein and to selectively inhibit the expression of the RUNX3 gene,
respectiyely. 10 The hurnRiedk IRVARE&NPY the present inventors
in 1995 (Bae et al., Cene, 1 A 199y CDNA nucl eoti de sequence
GenBank Accession No. Z35278) was used to construct a plasm d vector

capabl e of RUNX3 expression. The 5 cDNA of the RUNX3 gene has the

nucl eoti de sequedead$EQ. HoD. th: presamt siompitivas abhepshoreual ngndranme
ranging fromthe translation start codon to the translation s,to;g_codon, and
encodes a polyPRPIVCIECEEALTR (T FL8R2%0% a55PRL2ERT 6 tRhbRR FHREIE  ani no

aci d sequen i S. SE ) 2 LgS.1. ) @ tq | gnent
conpri sing 8%@\?’% agggd(lg)n <%l%ee’vi((Q:(ﬁf\i]l%[cglm’gf R xoﬁﬁ% ﬁets%)e.'tl? (5'%%%’ has the
nucl eot ijge $BAUELIEE FFEQRhd inklibhg SthSERUNXDS gedd BREGWIYs HAvé, 24foBYy DNA
fragnment conprising a coding region of the RUNX3 gene cDNA SEQ ID. NO: 1
(see Fig. lapppesssdrsectedity. iRUNKAeis eirgH sgengathieorfornTOFef{ibduBe® vect or
(M zushima et al., Nucleic Acids Res., %gél?) : 5322, 1990) to _construct a

r econbi nant 2BPREPS P ve@PSr , 1RAFEYASERNBCRE Réde WRPNK3 ex@fNe &Y aD¥Bnse

RUNX3 gene-mé%gg{g@fgghag|T%C§UN§§rC£BK§§M§§on 1 is closely correlated

with cancer development. 1In the present invention, the RUNX3
15 gene 1is characterized as to its expression and tumor
suppressor activity, offering the possibility of developing
cancer diagnosis methods and anticancer agents from it.
The objectives of the present invention are to
elucidate the tumor suppressor activity of the RUNX3 gene and
20 its mechanism, and to provide a diagnostic method and a
therapeutic agent for cancer based on the tumor suppressor
activity of RUNX3.
To achieve the above objectives, the present invention
provides a cell strain having a sense RUNX3 cDNA, in which
25 the RUNX3 cDNA is:over—expressed, and a cell strain having an
antisense RUNX3 c¢DNA, in which the expression of the RUNX3
gene is inhibited are provided.

Also, the present invention provides a RUNX3 cDNA with
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inserted in the antisense orientation into a pEF-BOS vector 20 to construct
a reconbi nant vector, naned pEF-BOS-Rx3-AS. After the plasm d vector

pEF- BOS- Rx3 was co-transfected with another vector bearing a neo resistance
sel ection [ i,nt o various cancer cell strains, stabl tants
over expr e‘g@ioﬁggl?dﬁe sense RUNX3 RNA were selected. In a g(r:{:a e@?ﬂfg 25

enbodi nent of the: present invention, the pEF-BOS-Rx3 plasmd and a plasmd
with a neo selection marker were co-transfected into the MKN28 st Xain

(whi ch does not express a RUNX3 gene) using Lipofectam ne (G bco-BRL), and

the sel ecti f a1 t f ts, v hi b .of G418
osi stance. O GRREBCETH IVLERATY bl oV EP ATbP LSS PRESRe sense RUNK

gene was naned MgN281Bx3 a8dndepRsddadn fthet RENKOT géfe Cpk | 86dUPNEd OF Type
Cul ture of Korea Research Institute of 5 Biosci ence and Bi ot echnol ogy

(KRI BB) undplay he ¢lepasit robe Non HEFE-083aRRnen apaptosls,2@3ingTEe€L B r ai ns

that express the anti sense RUNX3 RNA were established by co-transfecting

the pl asni dstezing Pt BeEieE- A rayprasp| RUNKY wPNR Qrsadectsrehar ker

into cells of é{(o t SNU16 astri§ %n%ﬁ& ell line (Kimet al., J. Natl.
i

h
Cancer |hstith J:L*"3)t.%§3%’-‘ B1P§99 sIEK i nacti vated p53 gene and a

normal TG (3 ge (JPar . ; 3 . A, 91
(10) : 8772- 8776, ?‘?835\{%’%% |'eliE  £2 oSHlown aﬁ%‘gem?er{r%tééj‘ﬁ? ﬁ?ﬁ%ﬁc’ﬁsﬁft RS
manner as aben€. edpEeskichr dmsfvaetans Scahl chirepressed tderabhteense RUNX3
RNA in excess were named SNUL6- Rx3- AS-cl1ll and SNU16- Rx3- AS-c12, and

deposi t ed wPlA méthykerédan Oolthecvieinityr ofygxorCdl odr ehefRUGBHBendder t he
deposition Nos. KCTC 0934BP and KCTC 0935BP.on Jan. 9, 2001.. 20 To

det er mi ne whet herFrkBeE ansi"get antFeRRRE 8- RIBVERKt - R(BFRAE P, add

SNU16- - A% y . th U o] e.antjpsense
RUNX3 géﬁe, EP %gﬁ&%@%&%@?&%@%&l %rﬁ:ﬁ]gafagm%%@ugg as&?iﬁ%l\ﬁﬁp}jé e for
Northern bl gkbtam anal ysis. A RUNX3 transcript fromthe MKN28-Rx3 25 strain
was detected as a single band at a position alnost identical to that of 18S
RNA, verifying tEnmeipyesshen rofesRUNMXInNRANLOM pheviglels| .udes coht thst ,

anti sense RUNX3 RNAs of various sizes were detected from SNUL6- Rx3- AS-cl1l
and SNU16 RUNX3 gene and itg proteins 1in the development of anticancer

agents and diagnostic methods.
15

BRIHF DESCRIPTION OF THE DRAWINGS

Fig. la is a cDNA nucleotide sequence of the human
RUNX3 gene with arrows denoting the primers used for RT-PCR
20 analysis and bold -letters denoting the translation initiation
codon {(ATG) and translation stop codon (TGA).
Fig. 1lb continues the cDNA nucleotide sequence of the
human RUNX3 gene from Fig. la.
Fig. 1lc is an amino acid sequence deduced from the
25 sequence of the cONA of the human RUNX3 gene shown in Fig. 1la.
Fig. 2a is a nucleotide sequence showing CpG islands
present in exon 1 of the human RUNX3 gene with a site used as

a2 probe in genomic DNA Southern blot analysis denoted by
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12 Rx3-AS-cl12 cells. In the control SUN16 strain, the expression of
t he endogenous RUNX3 gene was hardly detected by Northern blotting anal ysis
(see Fig. 3). In another aspect of the present invention, a RUNX3 5 gene

and its pryogdy hi ch show tunor suppressor activity, ap PVdogld. I n the
pr esent in\\?gntflﬁ%(r)l, the function of the RUNX3 gene is el uc?rat ed by using

the MKN28- Rx3 strain, which expresses the RUNX3 gene, and the
SNU16- Rx- AS-11c and the 10 SNU16- Rx- AS-12c strains, whose RUNX3 gene
expression is selectively inhibited. To analyze the role of RUNX3 in the

SNL6. s AL SRPGTRRY, E°L R dhOPR Rtk cbiign (DM, Bty o

i nact i vat edpyererd neatedsWw th TG--pl; normal SNUL6 cells were used as a
control. Counts of viable cells revealed that TGF-[31 i nduces apoptosis in
t he g:ontrol straifiig.bi@b rentinuehetheit amtlesttiigdensequencet af | £he r 6p& ment
wth TG--ail killed all SNU16 cells within 2 days. However, 20 treatnent
With TGF- (i isdppihdiresert fReesuLb- ¥& Fhgshumnen  RENGNIRRSREZORSEE 2 cel | s
(see Fig 43%‘. Accordingly, these results show that the RUNX3 gene is

he

i nvol vedsi n TGF- (31li nduced cell death in SNU16 cells. In the present

I nvention, | nvent%rgs. ak sq sdeder BLBSrah odReh Nelestin€i i@ C F2B SNt hERE

RUNX3- dependent TGF- (il -induced cell death in SNU16 cells treated with

TGF- (31 i s bilattiyg apoalwsiss fiat hdefemrindngewhesher pa&tNtileyRxHASetl dbphor esi s
of DNA fromcells killed through apoptosis yields specific 13

apoptotic DHAdbéh‘H%.G'W‘ﬁéﬁdsbaBé BppEienn | antifensrA RUNSA gr26 cel s

treated with TG | .(see_Fig. 4b Lanes 2) . However, no optotic
bands wer e Sﬂgerwqﬁhem% ?heseéﬁ‘j‘lG%ﬂ@’g?Aée@fi aﬁf?’ﬁﬁﬁlGP%B- AS-c12
cells (sge Bhgisébse AnkABESsS RUNXB) geddierefore, TG-ail stinmuli kill SNULC
cells through an apoptotic pathway, "and RUNX3 is indi spensable for this
process. It is krown #bais TdFgraph- indutieth apaptoofs viiabie VENYL 6-BRO+t ant

mechani sm for suppressing the progression of nornal 10 cells toward cancer,
and that nodS-elltkeliaceses Pletbededith tReaqEGFLei tpEehwayohay@ithnor

suppressor activity (Chang et al. ncer, .Res.,  57(14):2856- 285 997). To
exani ne t he B&REFcA] cetg]eac‘??%rl@ ﬁNUg%Nﬁ,lla't&ﬁB?Fgéﬁgg gents Wyt vvai
performed usj n i_qe, F O I iwity 15 assay, the
cell lines }rgzglln )?gr ucgdt?n oalyt%ge&m el§§8§%§§°ﬁeﬁén§§%‘é injection, after
whi ch thg cancer opig.massesst or ngtbtageapler sReWLR] | yhaeassubes f6f thai r

external sizes. After the mce are sacrificed on the final day, the
cancerous electrophoresis of the genomic DNAs obtained from SNU1le,
SNU16-Rx3-AS-cll, and SNUl1l6-Rx3-AS-cl2 after treatment with 1
ng/ml of TGF-Pfl for 6 hours so as to determine whether RUNX3
is involved in the TGF-P-induced programmed cell death
20 pathway.

Fig. 5a is a graph showing that the size of the tumors
formed in nude mice were measured periodically for over 98
days after the subcutaneous injection of SNU16-Rx3-AS-cll and
SNU16-Rx3-AS-cl2, both having restricted RUNX3 expression due
25 to the over—expregsion of the antisense RUNX3 gene therein;

and control-SNU16 which expresses the RUNX3 gene normally.
Fig. 5b is a graph in which tumors formed in nude mice

were measured for size periodically for over 37 days after
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masses are excised for conparison. 20 The tunors formed in the nude mce
grew at a higher rate in the mce injected with the cells expressing
SNU16Rx3- AS-c11 or the SNUL6-Rx3-AS-cl12 than those in the mce injected

with the C\QBSE/QAIO()%NU]'G cells (see Fig. 5a). In detail, tperkRGRIAUS NMasses
were neasured on the final day. 25 Those of the experinental group into

whi ch SNU16- Rx3- AS-cl1l and SNU16- Rx3-AS-cl12 had been injected were 1, 600
mmB in volune, while those of the control group were about 800 mmB. The
cancerous nmasses were excised fromthe mce 98 days after 14 t he

i njection argeCoiPaiEfhdoRsONg aROidlor HIRLESNCAKIORS, WBSTAS abegnhbhe
experinmental group were remarﬁabl y larger than those fromthe control group

(see Fig. 5exprdse themRUNYat geme,t yanof MEN2B¥R{3, VKN28hieh |5 RINXIVENIB- Rx3 5
cells in which the sense RUNX3 RNA is expressed was al so assayed, using
nude mice i ASt BEPTRERPEr descri bed above for the SNU16 cells. Significantly
reduced tunori gerkesi s .was, observed i in ted with MN28-Rx3

Was, din.the mce ejec
cells conpared to HatSof "tHe ?ﬁ%oénqaﬁ]lgg? e‘g'% witif ESH?r'B?Sﬁ\ﬁa\Jfé‘C&SF?s (see

10 Fig. Bb) frb @& flilce LHE-CARGAr BNSLHRFIRA1 May RE €ABE Qe IRaHP, VEre 600
mB in volune on the final day, in contrast to those of the cancerous

masses of the MKN2®r.R6% i1y act echemapeci reed abhgwingp, thehi sdrusenee f eAnd t o be
as small as 250 mmB. This represents a reduction of tunmor growth of 58$.
The 15 canc&h8usRUREseSDNRr evidbici 9680%S oenREing cthg0 BAYECR:f aimehe

injecti d d t Fig._»nc). .Th |ts denopstrat
Lhat ¢ he RURRS. QUM aect e COh e BPGELT Y SB0%1 AOTHE prBSen: |

i nvention, UNX3 | vzed. tsee ' Nej{N

var i ous. canBeYeorl fHRger s e AR B ing Of TR TR FRREEER " ancer
cell lines and.17 |ung gastric cancer cell lines and used to determ ne
whet her these cell lines produce RUNX3 nRNAs, by use of RT 25 PCR The
gastric cancer cefig. idheshgwedthe rasud tRTOPCR agiyropBNUES1SNUIS RTSROR19,
NUGC3, MKN1, MKN7, MKN28, NKNA5, MKN74, AGS, Katsolllt RF1, RF48, imd AZ521.
The Iung cakE8AUEES | optaiaed, dranneptals RRsgets 15 938t rig7epngegs Pell cscyl,

LCSG#2, 15 1300081061063 PEdi 5 03¢ 0BdAl primers (Ps-w), PS-C primers
(PS-C), human PEBBR2B/CBFB cDNA primers (PEBP2B), and human B-
15 actin cDNA primers (B-actin), and the results of Southern
blotting (PS-C ST). For the Southern blot analysis, RT-PCR
products obtained by use of PS-C primers were hybridized with
RUNX3 c¢DNA as a probe.

Fig. 6c shows the results of electrophoresis of RT-PCR
20 products obtained from total RNAs of 17 lung cancer cell
lines by use of pairs of PS-N primers (PS-N), PS-C primers
(PS-C), and human fB-actin cDNA primers (Pf-actin), to analyze

the production of RUNX3 mRNA.
Fig. 7a is a schematic illustration showing restriction
25 enzyme sites in the vicinity of RUNX3 exon 1 and the CpG
frequency within- typical CpG islands, with thick bars
denoting the position of a DNA fragment used as a procbe in

genomic Southern blot analysis.
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NCl - H23, NCI - H226, NCI - 460, NCI-H322, Sg-19, NC -H1915, NCI H630, Hs 888Lu,
Lu65, and LX-1. These cell lines were obtained fromthe Korean Research
Institute of Bioscience and Bi otechnol ogy (KRIBB). 5 RT-PCR was conduct ed
usi ng two i airs, naned PS-N and PS-C (Fig. l|a). astric
cancer col TORIIIY P aNUl6, SNUTLO, WKNL, M5, RFL 4%%&/%7) and
AZ521 were found to produce RT-PCR products with expected sizes (1,080 by
with the PS-N prinmer pair and 870 by with the PS-C 10 priner pair),

al t hough MKN7 produced RT-PCR products in very small quantities (Fig. 6b).
In contrast, no REgRCRproglughs abea@ldqiaie drdsuaihge rabl soeesn MKN28,
MKN74, AGS, and Katolll cell lines when using either the PS-N priner pair
or the PS-Cbpptning panalysis | for hENEagethbylathieon| uny theceicimity | phes, the
expression of the RUNX3 gene was found to be supgresse,d Si %ni ficantly in

the HS888LuRUEKP €x¥efe hnld SBHPPER ePISTHHONEPRESE, SR -1466S R¥ VEB3BE and

Lu65 cell lixes Fi.g. ,6C).. r t1d a i us to
verify that D@ﬁepgég%'-‘ﬁ%ﬁhpr%élug%ggg\grgagénsgl%ff :%‘5 f gr]%tsﬁlg}q@%NA gget he
RUNX3 gege (Ge@8mit JpNAY, wEre 3isdlatetddiromOnde! ankBe 28pLi fiifasi aAqof
PEBP2(i (see Fig. 6b PEBP2~i) and ~i-actin cDNAs (see Fig. 6b, (3-actin)
fromidenti cakafted swicbNEmast r e nhas wblbsker canl, nonddiggsngndtigtlathd | ack of
anplification of RUNX3 cDNAs in 25 the gastric cancer cell lines SNU1,
NUGC3, MKN2@NAnNKARY, Bamtl, (Rarer)d Which- FRpedigest- PHY, irkssnIstaveant Lue6s
can be attri R] ted %@%.Iick of expression of the RUNX3 gene in those cell
lines. LikeW er,“eY 49%"r evel s of the RT-PCR products 16 WO 021 061069
PCT/KI 101/ 00121 Ifud e MpfisaRtiet 588814, Gt leldoResphédils foroRrlber! ow
expression levels of the RUNX3 gene in the cell lines. The above results
show t haDd t eoRlbRS etiadned Feomricdally RNAs COfMUSECS|, y MENDP, esrE KN4 about

47~ of the 5 gastric cancer cell lines and about 30~ of the lung cancer
cel | |ines. afferetseatmerte witbpSeggavirdsoxyret Finges Gehe SRPraMsi @8 can be

an inportant_ di agnost. c i i,n out 47~ of gastric cancer, cel and
about 30~ oftrllﬁﬁgs'ﬁ%{%‘t{’e(A ggg‘ﬁ‘s l(i"ﬁgabfﬁﬁa”?fgagf% He! tCBFEFnﬁtLﬁ%’Er lrg? gastric
and Tung caneei {0 callyibhoes whaexaniied) c di@hton A Ysife of e RUNXS
gene in cancer cell l'ines was pertorned using all exons of the RUNX3 gene,
anplified f mehyattsnsfetaneeringebitdisnesry AOAQOiMHibItoaki @11dbsathecting
the am no acid sequence was found. These results led to the concl usion that
cancer clél | RUNXSsgéme Wiei bR ekeressedessi on of the RUNX3 gene was not
detected contain a normal RUNX3 gene, but do not express it. To determ ne
whet her the supprE~ssion of the RUNX3 gene expression can be 20 attri buted
to DNA net hyl ation, the i [y HoERsshen of the RUNX3
gene and t he hypernet hy?%ﬂw E cer A RUNX3 exon 1 was
anal yzed t hrough genom ¢ DNA Sout hern blotting using restriction enzynes
sensitive to DNA nethylation. Genomic DNAs isolated from 25 cancer cell

| i nes were separ atmlthe peasent vinventeens itdte onlen iBAIXdhichcelrls. ignable to
cut nmethylated DNA and enzynes that are able to cut DNA irrespective of

met hyl at?fon.eiusigateshr ef didtedtEfb RHTROFE: of2 t FRNSS RURES | fR¥Eht PBnaN17 WO
02/ 061069 PCT/ .~ 0 S [ | ges a and
BanH , whi chg%éﬁgg%éegm'l rﬁ e%pec |I\C?§ng&i géggm{:%iﬁaw(%n%g‘%ebrqgéased. The
DNA was specdtriaGak! Y oPépilgdRasingm sede diggestan®iséRsd her@dS!t 1 iRNagancer
cell lines whose RUNX3 gene expression was not 5 detected, that is, the
SNU1, NUGC3, reekh28iveédiN7/4, AGS, and Katolll cell lines. The MKN7 cell line
in which the expression |level was very | ow showed a partially nethyl ated
pattern (see Fig. ThepeforResen rand3spestRfe dthet REESeMe 1OXBRELT0FSE t he
RUNX3 gepe i.s closely corr.el at it 10 t hyl at.i oci ar RUNX3
exon 1 Fér% calnlc?é:‘lrs caeﬁ%/ Ifnipoﬁfe@e gtq‘ea\garﬁ@rfegg?urat h%?ns%e@%&ﬁéy rre?ﬁylg tion
causes RUNXZr18Rensé | RINK3NGDNA N idkcbd8D6E) PlexarEDA vHRE Rykk S ghisftRliase

i nhi bitor and a hi stone deacetyl ase i nhibitor on the 15 reactivation of

Rl 1NX3 gene andortes sebectiaelyndnhizieikt theazapBdenborc ywifi dhaeRUNKAA, ge3@) nM and
trichostatin A (TSA, 1 mV) were used as DNA net hyl ase and hi stone

deacet yl ase 499WeEEi6eLY: respectively. Upon treatnment with either the DNA
met hyl transferase inhibitor or the histone deacetylase 20 inhibitor, the
expression of the RUNX3 gene was inducetP (see Fig. 8). These results
denonstrate that the hypernethylation of CpGislands at |oci near exon 1 of
the RUNX3 gene is responsible for the suppression of RUNX3 gene expression
in abaut 37$% of the cancer cells. This result




25 al so indicates that agents capable of pronoting the reactivation of the
RUNX3 gene can be devel oped from DNA net hyl transferase inhibitors or

hi st one deacetyl ase inhibitors and used as anticancer agents. 18 WO

02/ 061069 B64/456ed/ 00121 According to the present inventpepkréfiRiAfore, the
product of the RUNX3 gene is involved in TG (il -dependent apoptosis and
shows tunor suppressor activity. The 5 expression of the RUNX3 gene is
suppressed in a substantial portion of the cancer cells by the

hyper-nmet hyl ati on of CpGislands at |oci near exon 1 of the gene. In a
further aspect ofrhEhgRuRAESRINKS! Q{t\!ﬁé‘tdl%edlgy% 3858t VIBRIALS & £n Provi ded
that are capabl e of expressing RUNX3 cDNA, and pharmaceutical conpositions
are provi detiophat (BRanprdtse gir. ot eGase 0f 19% geneg4ms24dhar rdoOsut | CENA Y
effective ingredients. The pharnaceutical conpositions of the present 15

i nventi on canckeetisled seguende GerBamodicscespiopMa -aXids§27@havasr sgedet® -of the

di seases attributed to abnormal TGE-(3depend ptosis, .including
gastric andc?ﬁﬁbnﬁghébP asmpid yee ﬁagaﬂégghfﬁggpﬁgge?*%ﬁﬁ%a&gnrng?@%ients,
RUNXS CDRA B ¥ i et Nfia@r ki GRfLIBES 61 rUBERLDSEUS . 20
Expressi on vectors capabl e of expressing the RUNX3 gehe are preferable
because t hepoeab. prioikiceONRUNYS phobpém Srexaiihigngoand Yrardginge¥ranethdj ect ed.
Where a pharnaceuti cal conposition conprising such an expression vector is
i nj ect ed i ntvanskitdon staetvicadanpteether dransiatdont sdobpi eodpssuandan 25

produce RUNX3. That is, the RUNX3 gene of the present invention or an
expressi on $BEPY?S aAcRBLYRPHITE 3ShERE Bhndbe §EERCa@CAds whose

phar maceut i . ef f Lve i i harmaggut 4 C sition for
oo i gencPRRer sl igb" o BthletBho e HRRaL 085512 A hEaBPa: o of t he
RUNX3 cBHA @b the .presenpnhnviaiighnent ardmpri sy ROPAS RMAngs tihe BLAX3
protein produced therefrommay take an oral or a parenteral route, with
preference Wociparyenb€r akonnjlecef obhe 5RUNE3 egpnessiren thectrorcleonpde si ng t he
RUNX3 gene or the RUNX3 protein _produced therefrom may be adm nistered in
various or aSegHeRcH @r?@ergp- N¥ade ($97 et ISFof2 t3E 257 mul ati on of the

phar maceutical |y ful, Logredi i expedi . . Q rriers,
such as fillers, }tjﬁéﬁ’c é]nlé3 s,Dﬁgo%glg%no%és%%\%é?f‘lsh%é)a%eﬁﬁl%gdi%sggﬁ égggti ng

agents, surkgel RS gehe: cDRRSHRE B5€MN0:SAl i(ded OFig| ak) ORSs T19fscRk 8l
adm nistration may be forned into pills, tablets, powders, granules,

capsul es5 etia. theesensel dilréorian dntons PEF-BOSpreswomt (Mizashinaeet
expedi ent, such as starch, cal cium 15 carbonate, sucrose, |actose, gelatin,

etc. In addidi-enNugleigmpheids Refi-entld (17 ub?Iantl? Wl c HoaTwegRest um
stearate and talc. may b

. e psed., Liqui,d fornul atj on oral administration
may be exenﬁflcf’i"%hn suB %ﬂ%’dons‘,%?ttﬁrérna?a_m%e ut S%é]—goséhﬁ#ﬁ oS- S8yr ups,
etc. These |e'xﬁ%§'séé)ré“éteﬁ§éoitﬁqx%og€ﬁ¥. C@EHa'ré@el’?‘,“t@iésR@N}@?CEmt sasfor
exanple, wetting agents, sweeteners, odorants, and preservatives, as well

as sinpl e diingepted sixchtles avedieensé i griehtaatiahf into ed CpEEIHvestot
formul ati ons for parenteral adm nistration include sterile aqueous
sol utiorf, AENCARSEDIFE SoFaEPRNPaNns e R, oRsMeP PEFTBOS T Bk AS.r eeze-dri ed

agents, and suppogitories. For the formatjon of n- aqueous siogu i Qns or
suspensi ons, vegﬁéat_lﬁretg?lgf%%ﬁ XSCE%Y fg%g?ge%@&i?cﬁ,gw &c&ﬁgene
gl ycol, and,QkhvenSifer 3adtaR Béyrfiﬁﬁaglr?ece%gﬁ.s@é&gé 33 18EOVPRake- MYy be
20 WO 02/ 061069 PCT/ KROL/ 00121 uséd. As bases of suppositories, wtepsol,
m crogol, Tdeeb various cancer cell strains, stable transfectants over-

expressing the sense RUNX3 RNA were selected. In a preferred

25 embodiment of the.present invention, the pEF-BOS-Rx3 plasmid
and a plasmid with a neo selection marker were co-transfected

into the MKN28 strain (which does not express a RUNX3 gene)

using Lipofectamine (Gibco-BRL), and the selection of
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61, cacao oil, lauringe, and glycerogelatin may be used. In order to help.

t he absorption of the pharnaceutically useful ingredient into cells,

| i posomal dosage forns may be used. 5 The therapeutically effective dose of

t he phar ' |y effective ingredients is within the 0.002 to

1 ng/ kg ggwgggyﬁ%@ight and preferably within the range OFE@%3§”@%HO.2 ng/ kg

of body weight for RUNX3 cDNA, within the range of 0.001 to 0.5 ng/kg of

body wei ght and 10 preferably within the range of 0.01 to 0.1 ng/kg of body

wei ght for RUNX3 RNA, and within the range of 0.04 to 4 ng/ kg and

preferably within the range of .0.9 to 1 ny/kg of dy weight for_ RUNX3

prot ei n. 15tF?P§§§95P85ﬁc§§%M?qp%ﬁvFﬂrP%éW£§§bg€tG6?8t¥é§ﬁﬁ' &Rt i T¥®nti on,

uses of the 3 it otel ' eyel eancer
MRDEGs O8NS athyl tshdRs0oePSed k- ddigoHe%E! @

agents and the dlagnogﬁs of cancers aree6$BV|§8§. As Qggg%Pgédﬁg %%e, t he

RUNX3 gene @éné havagr essidd 20KNDS<R{3I 0Bnd haaposXtad | @nttht WWRY KdpE&ESSOr

activity and is indispensable for TG ~i -dependent apoptosis. The
expressi on 661FeMp®n Loyufyres Sadtine abbukonga, Re¢seprshr ilnstineee el 1 |ines
and aboulg} 30~ of, lung cancer. cell lines (in about 3?; gf the total nunber
of gastrPc FROSFIANFSCAREPLIUAQNNPIARE) (KRIBB) Jungey; tngndeRdttdqppiessi on of

RUNX3 gene @xpessi®@p b &t i9t3u§g to abndrnal DNA net hyl ation of CpG

i slands | ocated at” 1ocl near  eéxon 1 of the RUNX3 gene. Further, treatnent

with a DNA net hylmage sthlihét BatOrepridisst @RE HRELAINIATONES RNNO,024 061069
PCT/ 1 QL01/ 00121 inhibitor can induce the expression of the RUNX3 gene.

Ther ef ore, ehtalisk@dgene of-trapspeesion the/eplasmidantegtoot gErsBPgeduced
therefromcan_be utilized in devel oping not only anticancer agents, but
al so di agnoBKPTATeRMb R Plasddatidh; AnGeearbians markeshiakoasRbt FraPt DNA
met hyl at jon_of sl ands. at e loci,near_exon 1 of the RUNX ne is
measuregb nggdggﬁl{shgg?g%f(g S%Q%ee’!nté%ui nthe g’?lé“seen‘f ?gi/'en roﬁ?gf'

phar maceut i eghcePMPRS i B\A3§09PE1543)T 1984 ¢r WAl 8h CRPAbA e Hladigqrtali ng the
met hyl ati on of a nucl eoti de sequence that 10 includes CpG islands near

RUNX3 exon psgagele fidvd dednior Tehef phehsysxer apdri rexataient pebecancers
as pharmaceutically effective ingredients. net hod for diagnosigg cancers
A

A
charact eri z8a8thy MeabctSchg VheSnethy!%t i(dR) 871218 7h0c] 4 )de SEghéfice 15
cont ai ni ng G ifl ndz presegkﬁfear exo 1 of the RgNMB gqﬁqlcongrises t he
steps of: i S6FAT %%a SoNFES BRAIPETh 4+ (o PaTs SAISsr 28 W%t T%Qi gest i ng
the genqggi ¢ (MRS YALHL R s” SR IIRCT & RReU MR HRENSh L1 96RsEO HING 3Bk | @hi on; 20
separating the genom c DNA digests on an agarose gel by el ectrophoresis and
transferri ngxtbes werted raam@ENSNADE:RABHASHFAL i argy tIND1GeRRBAAS-NA, dagasts with

a radi ol abel ed DNA probe for the RUNX3 gene:. and_exposing tl~e nenbrane to
a filmto deepesitee vhthxphes&ospanf CohteFiMs faneTYPe SutbRERAN€E with

anot her - embod BB ol 5 HIBSRL bl et Yorc? 050 ad kAl H333hR
on Jan. 9, 2001.

20 To determine whether the transfectants MKN28-Rx3,
SNU16-Rx3-AS-cll, and SNU16-Rx3-AS-cl2 actually express the
sense RUNX3 gene or the antisense RUNX3 gene, the RUNX3 cDNA
of SEQ. ID. NO: 1 was used as a DNA probe for Northern
blotting analysis. A RUNX3 transcript from the MKN28-Rx3

25 strain was detectied as a single band at a position almost
identical to that of 18S RNA, verifying the expression of

RUNX3 mRNA in the cell. 1In contrast, antisense RUNX3 RNAs of

various sizes were detected from SNU16-Rx3-AS-cll and SNU1l6-
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WO 02/ 061069 PCTI KROL/ 00121 Isol ating genom c DNA from bl ood or a tunor
tissue of a subject; digesting the genomc DNA with a restriction enzyne
sensitive to DNA nethylation: 5 perform ng a pol ynerase chain reaction
(PCR) vvittwbgg,ogge@om c DNA digests serving as tenpl ates pafgRbidyifarts of

t he nucl eotide sequence of SEQ ID. NO: 3 serving as prinmers: separating
the PCR products on an agarose gel by el ectrophoresis to detect the
anplification of a DNA sequence 10 of interest. The diagnostic nethod using
PCR is based on the principle that PCFi products are obtained if the DNA
region of ipLeresiclbs eyl atediy othgr vigperbhe BHREICIst @GR, NOLKLEDt ai ned.
15 In accordance wth a still further aspect of the present Invention, a
bi ol ogi cal skpresdiion foFr thee enfiogaisiay RUNAGNgehe was phiasdlledetebied
conprises a part of the RUNX3 cDNA SEQ ID. NO 1 or proteins produced

t herefrom bEndextiiern Rletwinggiapalysdcr(@eri Bidord)t-he di agnosis of 20

di seases, which is based on principles.of nolecular biology an ctronic
engi neering, has It"erl%"qtg‘eFer??pSFtt RusEFd PH§EE nHFnbf%‘?'ei ﬂsgluﬁ{( grated

on a small iD. a high.l e [t j t.he :bi.ol ogi cal
mcr ochil“-f) cé%hgeaﬂé;ed o‘g%é%:&gﬁ ?%?Cljét gﬁ%wag{%%ngggggé% rgegr}gtslglcl)?&br ot ei ns
25 within aagBoptoBR¥elded of tinme. Therefore, the biological chip can be
used to performa search for novel genes or to di agnose di seases very

rapi dly and sinplEn thnppresento vorengachonghebifuaatioreef nghee®BNKgues.

Bi ol ogi cal chips can 23 WO 021061069 PCT/ KROL/ Q0121 be cl assified into
ol i gonucl eoBrBe di pelumifatena RDhi BE1akc6P8i AFNEER¥2 §&raiRc wBiERi al s

i nt egrated t a f i e . diag , r
exanpl e, getﬁgggg%&nseagg%r gﬁe&f ?Igeg'as%g&tgﬁ%eg%%é:g%(ggg, 11e cgﬁﬁfl gEgchi ps 5
usi ng papt s safy1bhex-RAPNI3cc DV diel, EOlhek: SRUNRBCEeHe aBkpbOSHiR% agai nst
proteins produced fromthe RUNX3 cDNA fragnents can be used for the

di agnosi s ofsetactinsslycanbibisted.ncl udi ng gastric and | ung cancers. 10 E7~LES

A better understanding of the present invention may be obtained in |ight of
the fol |l owi ng exaffpl eBalyiechthee mde fof t RUNG3 | linusthat 8GFpRringueedot to be

construed tgo limt he .15 present i nventi.on. EX@' ~=| ~ .St abhi shnent of
t he SNUL6- F€>P§-°ﬁ\_§a%e_f§|\ﬁ -I%D&?%%equpgﬁ% ¥ 20 gl%%f%’é?l-emtgﬁéﬁf ﬁr@ti on of
the RUNX3 gem@1bOrydd-c88l | setaalds GRPIiehof ROMRS - cxRbAsHiBg ajgense
RUNX3 gene and an anti sense RUNX3 gene were established ‘as follows. 1-1
Const r ugki oselekt E¥gIES Shadt PBlaAsdl dwaCt @Esat@dt &t Bh NGS5 pEensraad
anti aena~e RL1~C. 3 gﬁges The human RUNX3 gene cl oned b¥ the present
i nventors i $NY365ce waregusedGafea ¢oUtyad).: 2@punpgg of gutablep®ldgcl eoti de
sequence GenBank Agcessi on . Z35278) was used,to X

that TGF-Pl induces’apoptosis in the contreol strain,

reveale
but not in the mutant strains. In detail, treatment with
TGF-Pl killed all SNU16 cells within 2 days. However,

20 treatment with TGF-Bfl did not kill the SNU16-Rx3-AS-cll and
SNU16-Rx3-AS-cl2 cells (see Fig. 4a). Accordingly, these
results show that the RUNX3 gene is involved in the TGF-P1-
induced cell death in SNU16 cells.

In the pregpent invention, inventors also determine

25 whether the mechanism of the RUNX3-dependent TGF-Bl-induced
cell death in SNU16 cells treated with TGF-Bl is via the
apoptosis pathway or a necrosis pathway. Electrophoresis of

DNA from cells killed through apoptosis vyields specific
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24 WD 02/ 061069 PCT/1~t01100121 construct plasm d vectors capabl e of
expressi ng RUNX3. The cDNA of the RUNX3 gene has the nucl eotide sequence
SEQ ID. NO: 1 with an open reading frame ranging fromthe translation
start cod transl ati on stop codon, which encodes epti de
consi sti ngng 5),(é)f’tfgk’%am' no aci ds whose putative am no acid ggrqlggﬁ@éﬂ?s SEQ.
ID. NO: 2 (Figs. latolc). A DNA fragnent conprising CpG islands present
inthe vicinity of exon 1 of the RUNX3 gene has the nucl eoti de sequence
SEQ ID. NO: 3 (Figs. 2a and 2b). 10 A 2,244 by SanH DNA fragnment (Fig.

| a) conpri skpgpEotaedioNg NRFicen Outhedk HaadsDiPeohppheeUNKS gledeDEQ | D.
NO: 1 was inserted in the sense direction into a pEF-HOS vector (M zushi na
et al., Nuclfeorc SNtilds cBbbs , trEated) whi3R ZGF+PD0)semt Fag. XitalLagieise 1t andonst r uct
a reconbi nant plasm d vector, naned 15 pEF- BOS- Rx3 ich expresses a sense

. Whi
RUNX3 gene. 2BepaieHediey, PReIRRRELT ICDRANIRVGGSs OPEEEVEH thdhenPNReRke

direction i +»BeS, vegt.or,_at Xbak skt S ctm.a reconbi nant
vect or, nangégp%ﬂﬂgg)g-ﬁ%@gA%l fBglgwggFeﬁ% r%%%&gglgogé%glgrag% d vector
PEF- BOS- Rx31a884 2Bl ikghed i reexarple, lrdr-pndiabNA3 ki) Wakehscerigins a neo
sel ection marker, were co-transfected into the MKN28 strain by the

Li pof ect am nbré@ban BRoptobitquhtdeagpeand | MINXBy ishén@bsprmsabdet Goer. MKN28
does not endogenously express RUNX3. Stable transfectants that harbored
pEF- BOS- Rx3tP&2 @ RORX3 RNA) were selected in the presence of G418. The

MKN28 strain overexpsessing sense RNA was nanmed WVKN28-Rx3 and 25 WO
021 061069 PCT/ KRAY OFF12 n?fgbogﬁtedg%\# ‘tﬁr‘fﬂﬂ“‘f&ﬁ eBPRIAH Ecth%rP f §F ¥y pe

Cul ture of *5%@&5&8ﬁ@&ﬁgni%tﬂo&ugsg;yéeéiﬂacm@%ogn}és@m eshngkRgdy (KR BB)
under the deposition No. KCTC 0933BP on Jan. 9, 2001. The strains capable

of exprassi rgllidecavnirdsease=RUNEKXA bhaenestené dsd akitehedimyplved in
co-transfecting the plasm d vector pEF-BOS-Rx3-AS along with pcDNA3. 1,
whi ch cont aithe 3GEep epatirayndraier ,tumero SURPrSHPRMG agtiyihy d4Charyret cancer

[T i | . . Cy : - . h h
gﬁ i nalctn ?vgg orlrl géggﬁ%%eg%%ga ;é7n(&$§2?§§%jb(%§,1&%&3]8%6”9&%9%3%&1&%%9% ﬁkatet =
al ., Proc. Natlcafead. asflvity ?ﬁeﬁwm@} (éokhﬁgzgge%?eé@s 1994, whabl e

transfectants were obtalned I'n sane nanner as above. Two transfectants
t hat excessipeefyrmadrriagt htdamtiiceenseoRUNE3 tgese supprekest iaaliyikphi bit
the expression of the RUNX3 gene were nanmed SNUlL6 15 Rx3-AS-cll and

ONU16- RA8- A8sgap, 4&he depldsi Lénesy ehet Hatoreeed Cankectriusle fmkceTyp¥ Cul ture
of KRI BB under the deuposlti on .Nos. I%CTC 0934BP aFd KCTC 0935BP on Jan. 9,
2001. For cGHPEPFRMPUSHCHNEE S Ras 5 st ¥FY APBnEanTesCSUNTE 3R VKNS,

whi ch were “f‘z&%{ngé egyn EEPfochaﬁ%%c%egtsu@&8for.20}:ﬂ-&er Cg,%gqbtsqizggq were

used as contr naned contr Ule and control ~MKN28. 1-3 Northern bl ot

Fanal ysi s Tartletethe ndcehetbesadhi€iteanst atleanisa MR- B8, catirerous
SNU16- Rx3- AS-c11, and SNU16- Rx3-AS-cl12, established in Exanple 1-2, express
t he sense RuHXSegerre excihed afnd compariAINX3 gene in | axge quantities,

e R

p r rra c€or di a
R O B i A A

preparati onRrx3-AS-cll or thea SNU16-Rx3-AS-cl2 than those in the mice
injected with tha control SNUl6 cells (see Fig. 5a). In
detail, the cancerous masses were measured on the final day.
25 Those of the experimental group into which SNUl6-Rx3-AS-cll
and SNU16-Rx3-AS-cl2 had been injected were 1,600 mm® in
volume, while those of the control group were about 800 mm’.

The cancerous masses were excised from the mice 98 days after
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5 was separated on a 1.2~ fornmal dehyde/ agarose gel by el ectrophoresis and
transferred onto a Hybond-N* nyl on nenbrane (Anmersham . The RUNX3 cDNA of
SEQ ID. NO: 1 (Bae et al., Cene, 159 (2):245-248, 1995) was | abeled with

[ aszP] dCTRy§@5/04i6@ as a probe for blotting analysis. 10 byPkRreieeedri on was
conducted by 1 ncubating the Hybond-N* nyl on nmenbrane and the radi ol abel ed
RUNX3 DNA probe at 65C for 16 hours in 5x Denhardt's solution conprising 5x
SSPE, 0.5~ SDS and 100 ng/m of sal non sperm Afterwards, the nylon

menbr ane was washed twice with 2x SSPE/ 0.1~ SDS solution at 15 room

tenper at ur et for i ASedt fbrANkhd W&ipaweth & brheSARckfetd SBReS Uanbbobugt 65C
for 15 mn. The nenbrane was exposed to Kodak XAR-5 filmfor 16 hours at
-70C t o yi elndsses afitan athegreaperimeritad agrompadicogr arenahikabhed 1Bkgart he
MKN28- Rx3 strain, 20 a single band was observed at a position close to that
of 18S RNA, therithasey frem IO roh BIOUPhESFRINGT -cPRA- in the strain. In

contrast, SNU16-Rx3-AS-cll and.SNU16- Rx3- AS- cel | whi rho

t he=anti sense Rum_? EBR&_FlQﬁé‘rléFl?Bu% qo&%ﬁf’geﬁé%q scé;‘_r]lig WM@HB’({;
transcripts gy yashoysn;shZeneasersh bR/ 2RNRY 18U/dxRbEsaNdss 01kbe
autoradi ogram In the control-SUN16 strain, the expression of the
endogenous BREbKZedienssimgs mele detectiad thy Nanhéerdeddmbeidngbanal ysrs (see

Fig. 3). 27 WD 02/061069 PCT/KR01100121 E)CAI ~I ~ 2: Cell Death Effect of
TGF- (3 and RBee SHU1bheeRURK3 CErmniffacadrly 3rediefiase dturanigpeas s 2vas Cel |
death effect of TG ~3 SNU16 cel.ls i.C I express the RUNX3
gene, and SRPEBTYSS-Hs heE %N@E%t%% g%ggé#%/% ?%f%ici?ﬁ‘pﬁﬁe nti sense
RUNX3 cDNA i - exp s 0 i ARt P+t eSS of - the
normal  RUGKESgahat SE 8 et QEfQiell WK CORLNE ResEiss @00 L o)
whi ch vigbl gigel I55) wer enlQietain} edhevehndefRid athselest iofe.thEheonggblts are
shown in Fig. 4a. As seen in Fig. 4a, the TG--ail treatnent induced cell
death in SNgi6upl were A0Gos’ dhl vEhWi® aelthe fiénal kiayl, ednvgaertinas2 tdays after

treatnent with TG-ail_ at a concentration 15 of 1 ng/m . _Howwer, the
SNU16- Rx3- AShese &ff | §hej (FaRFREAUS h@288eP s Hse the) BnBxeIectedsi vel y

expressed tq_selectively inhibif.the r i of,__t n wer e not
killed aft erexP%gf'%%tnat%‘ vﬂﬂoquTG}‘—lB%%%qw es%%r%éjgu %t ?es%%ge%g{%?hgg ?ﬁg RUNX3
gene is invahvedriis Tebrasdniducaduétidn dgatting®d Jriowehldf sm.| sThd-2 Rol e
of Ri71~D~3 cane is TG—-Q induced cell death . Cells dying through the
programisd cehkedeat masaebwagre excabed fiiat ithet mpee tHr dagé DMMerbahds when
el ectrophoresed 25 in an agarose gel. After being treated with 1 ng/n
TGF-ai |l for iGIREEIAN anke cEBRR¥eS! toNOAS, ansNbes(Ri@- AS)c11, and

SNU16Rx3- AS-c12 strains were |ysed i sqlate l gI\IAg cecqrding to a
standard net hod ( Xitst S6RVeES aﬁ(e.m,onfgg%?e %é’att \5\%?6@%%1 608 F%ﬁ%ﬁ%f 00121
Mol ecul ar G%Fgggs@rlg&q;,ggwy manual , 2"d Ed. Cold Spring Harbor
Laboratory, Cold Spring Harbor, NY, USA). 0.2 ~g of each of the genom c DNA

preparations was el ectrophoresed on a 1.5k agarose gel end visualized with
et hi di um brom de under 5 W/ light. The results are given in Fig. 4b. As

seen in Pnis figuke, thprasentpisyeaiiai déel RYNEShgene was analyzed

for its expression pattern in various cancer cell lines.

Total RNAs were isolated from 15 gastric cancer cell lines
and 17 lung gastric cancer cell lines and used to determine
whether these cell lines produce RUNX3 mRNAs, by use of RT-
25 PCR. The gastric:cancer cell lines used in this RT-PCR were
SNU1l, SNUS, SNU719, NUGC3, MKN1, MKN7, MKN28, MKN4S, MKN74,
AGS, KatolIII, RF1l, RF48, and AZ521. The lung cancer cell
lines were NCI-H522, 86-2, A549, LK79, LK87, LCSC#l, LCSC#2,
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specific apoptotic DNA bands were fornmed fromthe SNUL6 cells treated with
TGF-~1 (fig 9b, lanes 1 and 2). No apoptotic bands were observed in the DNA
from SNU16- Rx3- AS-c11 and 10 SNU16- Rx3- AS-c12 cells, both of which

over - expr nti sense RNX3 gene, and therefore havep i4ve
reductione‘?ﬁoé@ﬁl@ expression (fig 4b, lanes 3 to 6). W g‘c‘)/ﬁgpu ed from

these results that SNUL6 cells are killed by TGF-ail stinmuli through an
apoptotic pathway and 15 that RUNX3 is required for the process. EXAMPLE 3:
Su~rpressive | ~ctivity of RUNX3 Agai nst Tunorigenicity 20 It is known that

progr es51 on ot RBEnRIcB2PE: (WEr 6%, aREEr T Bt ot 1 oRe Matore i n
the TGF Blypahhvay heped.ul, UMiesS UPRRESSRE1 ACt iMidde ddmer RUbRE: gqBBe Was
assayed for tunor suppressor activity using nude mce, 25 with the

expect at i onobhained) fanii theddsreahf Beseanmhl dnbeitseen of TBidécieneedantihe
SNU16- Rx3- AS-c11 and SNU16- Rx3-AS-c12 strains, in which RUNX3 gene
expressi on Bdoserhnaliogy| yKRHBB)bi t ed and the control - SUNL6 strain were

suspended in 29 2/ 061069 PCT/ 1 x01/0Q0121 0. 85 phagsphat e fered

sal i ne (g’BS) at a{“g\'gﬁ_ i ¥§°S o‘?‘_’%?f ed gy ing ?ﬁ"’? BV :?aﬂrfsbfnaé‘b?éﬁl%u pensi on
was subcut aggguplsyc nregl g4} Nt 0 pGHAYPEHET GRYEE N Ehce3CRANAL Blivest €
MKN28- Rx3 strain that shows over-expression of the sense RUNX3 RNA and 5

t he control sNKYBR28sstI®i ENDeLe, SMyisndri4bn REBS RPBS, aMkey densi gsel 5x10°

cells/m, and 0.3 m of each suspension was subcutaneously injected into
ot her groupseskt fietdadnitee preguhe sRTaPER cPopRuaiss wdmi rexnested tsézgsnude

5 o0 B BB e WA o R B
[ i Ci 6- 5 : -0l opHULE
e et SO MR TR R e L

masses that dranmeguaedia iRer i(edy cadd)y. NEasebRtrdsY, WdeRT-POR Grtriuctkzes. On
the 15 final days, the mce were sacrificed to excise the cancerous masses

for conpari sere lobtadsedbfeonwethe BNUL, unBIGE3 deMENShe M7 4hi d¥6Sr @ates in
the mce into which the SNUL6-Rx3-AS-c11l or the SNU16-Rx3 AS-cl2 cells were
i nj ect ed t h&?teREInFekl linesuhhen YHODGLERRE rdie SNOYNPEEMRT RAE PAj ect ed,
as shown in Fhig sa..l.n detail, cancerous masses fornmed in the control
SNU16 cel |'i rﬁ «?ctpﬁd g‘?%ltTﬁrmB?% heasured to be 800 mB in volune at the final

day. In gontrast, ;gangRl OdagdBses tAk thehPr eHRGet NcR11 lines, the

expression of the RUNX3 gene was found to be suppressed

significantly in the HS888Lu cell line and completely in NCI-
H226, NCI-460, NCI-H630, and Lu65 cell lines (see Fig. 6c).

Southern blotting analysis was used to verify that the

20 RT-PCR products were amplified from the cDNA of the RUNX3

gene (see Fig. 6b, PS-3 ST). Additionally, the amplification

of PEBP2B (see Fig. 6b PEBP2f) and P-actin cDNAs (see Fig. 6b,

B-actin) from identical first cDNA strands was observed,

indicating that the lack of amplification of RUNX3 cDNAs in

25 the gastric cancer cell lines SNU1l, NUGC3, MKN28, MKN74, AGS,

KatoIII, NCI-H226, NCI-460, NCI-H630, and Lu65 can be

attributed to a lack of expression of the RUNX3 gene in those

cell lines. Likewise, the low levels of the RT-PCR products
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whi ch SNU16- Rx3- AS-c11 and SNU16- Rx3-AS-cl12 were injected 25 were neasured
at 1,600 nMB in volune, twice as |large as those of the control group.

Ni nety-ei ght days after the injection, the cancerous nas8es were excised
fromthe ng conpared to one another. The cancer ousppRgR omthe
exper i et Syt T e o ReT) |t 0110015 group wer e PRGN y |arger
than those fromthe control group, as seen in Fig. Sc. MKN28-Rx3 ells, in
whi ch the sense RUNX3 gene is expressed, and control MKN28 cells were al so
assayed for 5 tunor suppressor activity using nude mce in the sane manner

as was used, f or,the, Ulmehgésqﬁd C8eif §¢hES veﬂegnlwgﬁﬁﬂh%e! 16w

Lo in .t]h ..
exhi bited signitTicantly reduced tunorigenesis conpared to the m<ce injected
with the copiplsdVKN28e6&ld Bf 8fe SN gBn&ith tBR. cbi dalmisl,, the cancerous
masses of the 10 control group were neasured at 600 mmB in volunme on the
final day. |In commheastbotéie cendésoushpmsseEsatnf tthee MKINZS- Ryénaj etd ed
experinmental group were found to be as small as 250 nmB, denonstrating that
the tunor gFeRRTKakRdyY reduEeEPiftedyu, SuRREasFetayid afp@it t Adti ffecthdn, the
cancerous masses. were 15 excised fromthe m.c nd .c ar. t ne anot her.
The cancer O%Strrrlacssceaspcgfcicseggj ?f'%‘?ﬁ‘ t?lréé I\ﬁ%@iﬁ %)9 - ioﬁfj gcg'ge&%ggpg?ﬁ%%%t al
group were BBEI 03¢ Cal Mo SEBIAST dHRANUIRRE8s ENei 8£dthé ORLIKS §&Rd r Ol
group (Fig. 5c). Taken together, these results denonstrate that the 20
RUNX3 gene basrdéssion sappbessorimpoiritent ydidgtaskiE #ndednalny sbsubdf 41he
Expression Pattern of the RUNX3 CGene in Cancer Ce~ls 25 4-1 RT-PCR anal yses
The expressefofapbiierepnser: ¢l RENKBd gabeutaX0 il Ay igenegri 6asleancer

TN RT- PCR.-Total _R i solated from 15 gastri ¥
[ Tnes and_ 170D TRPEardr 051 5he Vi3 3 DRTBRS PerPRABLF OIS 8l FPeREe. ang

used toget gL ne etbesxdtiesqycel | lines produce RUNX3 nmRNAs. The gastric
1 :

cancer cells useddlgr% t hi sxana y%i s were SNUL, SNUS, SNU719, NUGC3, MKNL,

MKN7, MKN28, MKN45, MKN74, AGS, Katolll, RF1, RF48, and Az521. The lung 5

cancer cell lines were NCl -H522, 86-2, A549, LK79, LK87, LCSC#1l, LCSCH2,

NCl - H23, NCI - H22¢futRCiodc@nafigsis322, thg- RUNXRCIggqE015 Rencew3gelHs 888L

u, Lu65, and.LX-1. All were ohtained framthe Korean Col jon for Type
Cul ture of i@)f“é%l N@?ea?ecrfgqrﬁfai & 902 'ogé?%cé%anﬂ‘eBi Bﬁ‘g%%n(?feﬁﬁy yP

(KRIBB) . 10,481 Ab: VMRS Ja32b8E €addddM 3§ 163858 N80 idd Mutation

15 affecting the amino acid sequence was found. These results
led to the conclusion that cancer cell lines in which the
expression of the RUNX3 gene was not detected contain a
normal RUNX3 gene, but do not express it. To determine
whether the suppréssion of the RUNX3 gene expression can be

20 attributed to DNA methylation, the correlation between the
expression of the RUNX3 gene and the hypermethylation of CpG
islands at loci near RUNX3 exon 1 was analyzed through
genomic DNA Southern blotting using restriction enzymes
sensitive to DNA_methylation. Genomic DNAs isolated from

25 cancer cell lines were separately treated with restriction
enzymes which are. unable to cut methylated DNA and enzymes
that are able to cut DNA irrespective of methylation.

In one preferred embodiment of the present invention,
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according to a standardi zed singl e-step guani di um net hod (Sanbrook et al.,
Mol ecul ar d oning: a | aboratory manual, 2na Ed., 1988, Cold Spring Harbor
Laboratory). Using a Superscript kit (G bco BRL) according to the

manuf act urgh'osneigeoP’ Ot 0Col, reverse transcription was pepépkRFGoiA Prepare
cDNA from tﬂe |soﬁ ated total RNA with oligo-dTs serving as priners. Based

on the cDNA, the RUNX3 gene was anplified by RT-PCR to determ ne the
production of RUNX3 nRNA. For this RT-PCR two pairs of PCR prinmers, PS-N
and PS-C, were synthesized, which 20 were conposed of a set of the sense

primer PS- NAnSEQ whizh NQAnrbtang gble aBthypeisd MNAYTEEnBSENRHEFQwni&h NO 5

and a set of the sense priner PSSCA SEQ ID. NO: 6 and the antisense pri ner
PS- CB SEQ _chb. diNgest7. DNheimtedpectide efquesmcmstlhyflathese weovepased. of PCR
primers were designed on the basis of 25 the cDNA nucl eoti de sequence of

t he RUNX3 g@he R¥RQwaspspapifiraltygpragctedof rem el dbgesHopp2p/ BB cDNA
and (3-actin_c wer e used. .as.controls i e RT-PCR.To, anplify the
Controf o, a93EPLG\BA02PBCTERD TETT T ToBDIES e v PXpar 151 weeriat ) cars,
consi stigg gggég'@ecﬁer\ﬁ'{%tprﬂsrferth@ o1 ERcE D MRi2e8 aMRe7kheads! i seqse
primer h-(3 EQ I'D. NO:9, and a prinmer palir for ['3-act|n, consi sting of

t he sense pKateIih- aeliln LHiresQ | [The\NOMKND aedlt hrirent iaendeichri tke h 5

actin 3 SEQ ID. NO 11, were synthesized. Nucleotide sequences of these
primer pair $xpeessigusileved wast Herpakews Bowedman PREBRRILY dmkyAaBeqd 3- actin

cDNA nucl eoti de sequences,, In t hermal cycler, such as "Mgdel 9600"

nmanuf acture8a5§e§é?EFﬁ9EISFrf§r C-g'f)US, @’%&é T far PSRt h&éatQSghf)re 10
denaturatio o c ty f ] actied t wth
30 cycles o%xggﬁg%uorr}lrégg 5?@9%88?56%5@5%%&2?%%% ?%gr%%quc(” g? E@?n n, and
ext endi ng ame¥RE dtilonl alli DociAfHe@t: RONKE @ixioANnl ofn tdaRcBF-E¥R, 1$ned. of the
RT- PCR product was el ectrophoresed on a 1.2%$ agarose gel and dyed with 15
et hi di um brom de for observation under UV Iight. Anmong the gastric cancer
cell lines, SNUS, SNUL6, SNU719, MKN1, MMN45, RF1l, RF48, MKN7, and_AZz521
were found to profuEEeRFIPCRGTSIuEREIRGT PNRHReERPAcLen Sauass RINBB0 by

wi th the PS_g’éInQr igﬁ'éngﬂ-'né, aQqe87i91fQ¥1e%é hoehe Pork rﬂ\"eitf@f.transfera\se

inhibitor and a histone deacetylase inhibitor on the

15 reactivation of RUNX3 gene expression was analyzed. 5-aza-3-
deoxycytidine (AZA, 300 nM) and trichostatin A (TSA, 1 mM)
were used as DNA methylase and histone deacetylase inhibitors,
respectively. Upon treatment with either the DNA
methyltransferase inhibitor or the histone deacetylase

20 inhibitor, the expression of the RUNX3 gene was induced (see
Fig. 8). These results demonstrate that the hyper-
methylation of CpG islands at loci near exon 1 of the RUNX3
gene 1is responsible for the suppression of RUNX3 gene
expression in about 37% of the cancer cells. This result

25 also indicates fhat agents capable of promoting the
reactivation of the RUNX3 gene can be developed from DNA
methyltransferase inhibitors or histone deacetylase

inhibitors and usad as anticancer agents.
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20 pair). However, MKN7 produced RT-PCR products in very small quantities,
as shown in Fig. 6b. No RT-PCR products were obtained fromthe-SNUl, NUGC3,
MKN28, MKN74, AGS, and Katolll cell lines when uging either the PS-N priner

pair or theoBasGeddr i MBr pair. 25 Among the 17 lung cancepcpRibidotdies:
expre55|on§op§‘ﬁé RUNX3 gene was suppressed significantly fn t%e HS888Lu

cell line and conpletely in the NCl -H226, NCl-460, NCl-H630, and Lu65 cel
lines, as shown in Fig. 6¢c. 33 WD 021061069 PCT/ KR01/ 00121 4-2 DNA

Sout hern bl ot anal ysis Southern blotting analysis was conducted to verify
the anplification of the RT-PCR products fromthe cDNA of the 5 RUNX3 gene.
The RT-PCR products were run on a 1.5% agarose gel under an electric field
and the separ at edadaiadin@agrent sheepereseatsfiawveatiant o taetybured- Nthayl on
menbrane. Using the 2,244 by BanHl fragment of the RUNX3 cDNA as a probe,
hybri di zat i prodrst cofidtibee&UNK3t eneake ranadvedsinn TGE-pirdenentdaet n

bl ot t f foll db t di h R-5
fi . The FEERFOE S Bl VAT F.taﬁosﬁ“gagp GFenctrohttny | The

aut or adi qgr r S r hg, iy (PS-3
ST). In gdd%t gﬁgﬁldgrtdﬁg@g%pﬁﬁﬁ ?% ?ﬁ\elos? PIEJ ngige(iang‘{nj-actl ?ﬁgng'%\)sNA from

identical fipbgti6®NAE Sthnthhcsas cabservedihd niipeatnathylwmtiohhef! ap& of
anplification of RUNX3 cDNAs in the gastric cancer cell |ines SNUlL, NUGC3,
MKN28, MKN74sla®ss akatloch|neaNClexpr28, ofartdel gege cancer cell |ines, NCI-960,
NCI - H630, and Lu65 can be 20 attributed to a | ack of expression of the
RUNX3 gene in those ceII lines. Likew se, the |ow |levels of the RT-PCR

products in the 7 2 H§§ Lu | i pes ul pression
| evel s_of the RUN&E gene I'n %%bse ekf Ilagesq:FI h]%%e abo%ggéagééﬁ it is
appar ent;ot halkptB6s RMNX3h ogene airs I prakadd ¥ @ratcoraﬁeetai abuepr ESSEd in
about 47~ of the gastric cancer cell |ines and about 30~ of the |ung cancer
cell lines. eBprassind GRUNH3 i elNiGedarsh aphasgiasedbisalnotorgpmitians eke

tunorigenicity of cancer cells is increased in 34
provided that comprise proteins of the genes as

pharmaceutically effective ingredients.
The pharmaceutical compositions of the present
15 invention can be used for the diagnosis, prophylaxis, and
treatment -of the diseases attributed to abnormal TGF-f-
dependent apoptosis, including gastric and lung cancers.
As the pharmaceutically effective ingredients, RUNX3
cDNA, RUNX3 RNA, or proteins produced therefrom may be used.
20 Expression vectors capable of expressing the RUNX3 gene are
preferable Dbecause they can produce RUNX3 proteins
continuously if they are injected. Where a pharmaceutical
composition comprising such an expression vector is injected
into a bio-tissue via a parenteral route, the bio-tissue can
25 produce RUNX3. That 1is, the RUNX3 gene of the present
invention or an ¢xpression vector anchoring the RUNX3 gene
can be used as a pharmaceutically effective ingredient of a

pharmaceutical composition for use in gene therapy.
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WO 02/ 061069 PCT/ KROL/ 00121 the substantial absence of RUNX3, the

suppressi on of RUNX3 gene expression can be an inportant diagnostic index
in about 47~ of gastric cancer cells and about 30~ of |lung cancer cells (in
about 37~ otal cancer cells exam ned). 5 EX7~| ~EpépRipdoysi S of DNA
Met hyl at i O\ﬁﬁ&?/ﬁbﬁ%&é Exon 1 of the RUNX3 Gene In Cancer OeF?rLi nesohg-l

Anal ysis of DNA nethyl ation by Southern blotting anal ysis 10 of genaanic
DNA To determ ne whet her the suppression of RUNX3 gene expressi on was
caused by DNA net hyl ation, correl ati on between the expression of the RUNX3

gene and the hypg{f@gw&ggi oggggﬁlgéflnﬁ%t aEDthiopeacrheRUE;fl%Fgﬁ(gn 1 was

anal yzed t hrough genom ¢ ti'ng usi'hg test 'oh enzynes

sensitive t @n{BWk 1B RNLabE Ofhe G RNINAS MRS RUNRS! ﬁ%@@leifrf Yroaapegr cell

| ines according to a standardi zed SDS/ prot ease K nethod (Sanbrook et al.,
19B9). The thetefmsh gmapnmtakBNAsn weral t oeatedparentersdd0 reste, ctwidth enzyne
that is unable to cut nmethylated DNA (Smal), and separately, wth one that
is able to Pyeierenge fegperrgnierat HwigRHIQRt on (BanH ). The restriction

enzynme dipgests | ectrophores on 1.5~ agar | and th

transfer lF:’ed ont %%5‘85%%#“@"%%5e‘.:o%rglesrjigﬁi gﬁbﬁi‘ﬁ?%eﬂ%‘ﬁ/ @Fu?ﬂ?r agnent
conprising QB3 SIHREsiRl JARIUBERXI HBeREr YRS rd§ethbdS samPhfstde (Fig. 7a),
and hybridi zation was carried out in the sane manner as in the Northern

bl otti ng anakysoss airaixanpparenteéral olidsayed fbymaut doadthgr fgpimnlani¥AR- 5 35

WO 02/ 061069 PCT/ KROL1/00121 filns. The genom c DNA was isol ated from hunman
genone DNA Pifbr diiees pharmaceatRealdy cDNReBil SEhargRlieng, 1 diduentigr as a

probe. The Smal  di gestion s observed to be great reduced 5 specifically
in those gaStPPPfeer2tYU9T | FHESShfosFHR N)% gthely re@?i‘ﬂ‘r‘?“ﬁg@ not
detectedp t j [ S U@ %b\? : GS 11 cell

| i nes, gg S g&gé?%, Iéf‘bgtttq?g ul#%’ét% cel iﬁq'nlé’bﬁ:< ?Zf’éﬂfcéh ?‘ﬁ%)?%?‘gg'si on

| evel was sieggifi caall y deoW ghedved a maitibal |serialéyiedsed pettepraf Fig. 10

7b). These results indicate that the expression of the RUNX3
administration may be formed into pills, tablets, powders,
granules, capsules, etc. These solid formulations may
comprise at least one expedient, such as starch, calcium
15 carbonate, sucrose, lactose, gelatin, etc. In addition to
simple expedients, lubricants such as magnesium stearate and
talce may be used, Liquid formulations for oral
administration may be exemplified by suspensions, internal
solutions, emulsions, syrups, etc. These liquid formulations
20 may comprise various expedients, for example, wetting agents,
sweeteners, odorants, and preservatives, as well as simple
diluents such as water, liquid paraffin, etc. Examples of
formulations for parenteral administration include sterile
aqueous solutions, non-aqueous solutions, suspensions,
25 emulsions, freeze-dried agents, and suppositories. For the
formation of non-aqueous solutions or suspensions, vegetable
oils such as polypropylene glycol, polyethylene glycol, and

olive oil, and an injectable ester such as ethyloleate may be

20



gene is closely correlated with the | evel of DNA nethylation at |oci near

RUNX3 exon 1 in cancer cell lines. Since RUNX3 gene-specific bands are
detected in all of the cell lines despite differences in nmethylation, it
can be conghysledodnat 15 some cancer cell lines in whichpthRrERIFSS On of

the RUNX3 gene 1s not detected under nornmal conditions have the nornal
RUNX3 gene, but do not express it due to abnormal nethylation. 5-2
Reactwati on 4f tha RLINX3 gene 20 To determ ne whet her the DNA net hyl ation
observed in Exanple 5-1 is the direct cause of the inactivation of the
RUNX3 gene, th inél ugnce of. a DNA el h%I tran;_f erase inhibitor Tand a

hi st one deal8t§1 ase®i RATHI t%fr BIFPORE P oMY VATTBRof THE RWBnx3 agﬁ’é
expressi on was 8agly2sr, AauEifodla JERBogarkk MNNEY €l Liskhnesn
(selected randomy fromthe cel? | i nes showi ng no RUNX3 gene expression by
RT- PCR anal psdey uerlselp edtecdhbsiotrpt berazef 3ertte hapephtauticcs1A%Ausd@G1 nM ,

whi ch inhibits DNA net hyltransferase, and 36 WO 02/ 061069 PCT/ KROL/ 00121
tri chost at i AnNGredisat ingw)celdis, chipedamsilt dopage dieamgemeetle ased. al one or in

conbi nat L on. Aft 3 days of the treatnen tqtal RNA was isgl at from
each ceIIL’ line i cco?‘éﬁ?ﬁa@e f‘r‘\a][]rYe sanbf S tANGar disE si n‘iﬁoe-s gﬁ
guanidium5 i gf%rgp_ 4 e e
expressi on 8?%%&%%%%2% y E_?__ep:égrl?gi:i%arctgﬁfeb y%%hxér?hnée%rag iQr Of(')f SEQ.

| D. NOS: 4 ando3. t&pannig/kat BENbodiyt helbier DA npidd dakapsiwetBSE kRBI bi t or
or the histone de&cetyl ase inhibitor, the expression of the 10 RUNX3 gene
was observedange 8€ef-P2 FPg0.8. mIhkdeof ebedyt sweighdalforhRUNX3 cDNA,

hyper - met hyl atj on suppresses th pressian of, t he RUNX3 gene in ahout 37~
of "the gast MERSRAEPE nERRaRcR Gl S dre (e Sy RAVneEhgIhe PR of CpG
i sl ands 4at i r, t 0 e g .al XREEsSkan

pl asm d 1gap§g gegfﬁ xp%gstgﬁngh%hg%@%se%ﬁ&g Sﬁe?'%oﬁgﬁfc?gd%?ﬁ Exanpl e
1-1, was aswayghtffsr RONKS R @inbywashidlthewsandXAIF~bE06: tPautg /xgXi Ci ty
Test upon Parentersl ?mnistration 20 of pEF-HOS-Rx3 to #iat An acute
toxicity tesndwpsefenahiyt editidinngheatrangé afspedi toc lpaglisgenif bedySD

| i neage at 6 weeks of age. pEFBOS-Rx3 (prepared as described in Exanple
1-1) was su¥fégbedtoas Ri“ﬁxi PHOt®Na physi ol ogi cal saline solution and

adm nistered to the anterior ti.bialis of two rats at a dose of 1 ng/kg by
i ntramuscul ar injection. After the injection, the rats were observed for

deat h, gki nical tyfi h8coiihcBOdN tiel HhushidWesspett o¥Othe/ QLARAL

PCT/ KRO1/ 00121 and serol ogi cal and serobi ochem cal anal yses were conduct ed.
I n addi tioninveetiai,s wsyse sficthd | REINKI menedamd dtabsaoreihbeiabdasi nal and
t horacic organs. In neither animal were specifically noteworthy clinical
traits found@eVRECRPEHaCS SNEIENEroATENeS &0 ARt RINT18f of HHeEncess
material, and_ng chacp s were observed in the body weight. The serol ogi cal
assay, ser oBi-GcRERT £5 ‘assay, and autopsy test were all nornmal.

Accordingly, PEF-B0SyBY3: e | 885Vd, | 8He ARURREE galle! NofiN thDSQ Qsedt | east 1
ng/ kg upon parenteral 1njection.
20 invention shows excellent tumor suppressor activity and is
indispensable for TGF-P-dependent apoptosis. The expression
of RUNX3 is suppressed in about 47% of gastric cancer cell
lines and about 30% of lung cancer cell lines (in about 37%
of the total number of gastric and lung cancer cell lines).
25 In addition, the suppression of RUNX3 gene expression is
attributed to abndrmal DNA methylation of CpG islands located

at loci near exon 1 of the RUNX3 gene. Further, treatment

with a DNA methylase inhibitor or a histone deacetylase
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10 | NDUSTRI AL APPLI CABI LI TY As described previously herein, the RUNX3 gene
of the present invention shows excellent tunor suppressor activity 15 and
i s indispensably involved in TG~ [ 3-dependent programred cell death

(apopt osi pfionally, the suppression of RUNX3 gene QN i's
attributegx?gﬁgﬂ%%rnal DNA net hyl ati on of CpG i sl ands Ioga e &ﬁ@gﬁ exon 1

of the RUNX3 gene. Accordingly, the RUNX3 gene and its products (RNA and 20
proteins) can be utilized for the devel opnent of gene therapy for cancers.
Mea9ur enent of the abnormal DNA nethylation in the vicinity of exon 1 of

the RUNX3 gepgiis#selsh fidudeadiRsi expfefARREISE tRedRNNDNgeRbEN Cal S
capabl e of regulating the abnornmal DNA nethylation and its conSequences 25
(for exanpl erefddreet hythd r RUSKBI agmel NbE bither speerbntdDAGhverti ilbint oasd can be
used as anticancer agents because of their ability to pronote the

expressi on BfotginsRUKGuUeRM hegg f romygamn be6ybd ZBCTARREAY PP g alPb~easr

err op nts n~fra~uri,o~r. uooo~~d~riolr ar. gars.ees' gser ' ~ V. O~

Af t CRONEANPBHY 5 PGROERESTr BESBES, 2 BPE| BASY | HARIRS W EFRRPRISAGERE ORM
RECEI PT AN T~ OR| hﬁgﬁﬂjag 1 ASSURSLHRMGSYERT okOcEel e T.1
() #iAé?EggéﬁﬁFﬁﬁﬁcé%%haréi%n o] qﬁ#@ﬁ:henisrrgggaCo?ﬁeag 0

Mcj di cinc, Cshamds-RukchBt iodianekrnéxel 9 Y. the IRUNXGe&Shi 15 deasurédcunc;
dnk- ku, Cheungju-si, Chun abuk :j@-763 i3utrublic crf Kr~~i~ |

~T~: ~cc~, TIA V orBased prt OROGactss pregdented |icatthenpresentrigwegtiont by

theA~on ~ ~ r~ by t heDEPOSI TOR ATi ONAL DEPQSj TARYAUTHORF TY: MKNPR- Rx95 C D |
N VD 0The nPBf S/ i FERPOREd Wi SPTPT A WAL TELEmTAPEPEY BY:a ) a

sciendfic d?ééﬁfﬁﬂﬂ\%~ thé ﬁlefhylétirog'\t %f a nucleotide sequence that

10 includes CpG islands near RUNX3 exon 1 can be provided for
the prophylaxis and treatment of cancers as pharmaceutically
effective ingredients.

A method for diagnosing cancers characterized by
detecting the methylation of the nucleotide sequence

15 containing CpG islands present near exon 1 of the RUNX3 gene
comprises the steps of:

isclating genomic DNA from a tumor tissue of a subject;
digesting the genomic DNA with a restriction enzyme
sensitive to DNA methylation;

20 separating the genomic DNA digests on an agarose gel by
electrophoresis and transferring them onto a membrane;

hybridizing the genomic DNA digests with a radiolabeled
DNA probe for the RUNX3 gene; and
exposing the membrane to a film to detect the

25 expression of the RUNX3 gene.

In accordan¢e with another embodiment of the present
invention, a method for diagnosing cancers comprises the

steps of:
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~w bie k ~t aap 1 Ma. It ~ ANThis Icternadonal Dcpositary Authority ecoe~
true mcrooraanlsru identified under | above, which was received by it on
January 09 200l . FOPLS, ONVFRSI ON EI PT OF R1~?_ . The mi croorgani sm

i dasti fsede%%(f’m{s above arcs tnoeived by this |In~ianal pep&?hf/@li%Aut hority
0 under

on and a reques convert the original deposit to a deposi t he
Budapest Treaty was received by it onY LNTE ~ YNane. Korean Col | eci bp for
Type Cutt Ure6Su~~(s) of persons) having the powerto rspe~aent the

I nternational DepositoryAuttaraty of e<ttttorized of 6asl (s): Address: Korea

Reaeat ~h I nstit utigc0ht Sh@sRirRge BiiA & Bmabesbd dr0qY tuhof KRIJIREIof ~2)
Qun-doaq, Yuso~na-ku, Taejon 305-333, BAE, iityung 500k, DirectorRepublic of

Kor eaDau: Janbdest;2612001 39 WO 02/ 061069 PCT/ KROL/ 00121 Bua~se~sft
Za~trY as nus W-r~ulmaomtiok,a saq psPO ~' ~ ,: OP 1~00100RCAi ~I | ati NDa
| H>; 0l PA>~ Y~pldigestingERRATIOERAPL¢FORNA | WithF@F| yestniQtipE €ASHNer AN
QRI G NAL. DEPOSI T. is%u§ﬂ gur%_ant to Rule 7.1 '"I'f~ : BALl:, auk-Chu
f~epartnent38?sf§%gg &nts rTF FF%??%. of 1~9c~dirine, C~hungbuk Nati onal

Uni v-cui 5y, =18 GaeeBir 4N obl winaduk skl n CoERRHII-@cr) Culbbh-ghuk
361-763 | ~upubl i C of Ko%ﬂ% 5ép1,ldentitfcat30rt refgrénce)given 6p the~en
bY ~eDEPCSI geRomRNAONA CiAte SREPEBTVARY ALE HOBMOTAE tSNU antli wiRkB- ASred 1bfhe

m croargani sni identified under I above was aoco~panied by:x ) a sdrntilie
deseri pacn fRednughestdfiees¢quence of SEQ. ID. NO: 3 serving as primers;

separating the PCR products on an agarose gel by
electrophoresis to detect the amplification of a DNA sequence

10 of interest.

The diagnostic method using PCR is based on the
principle that PCR products are obtained if the DNA region of
interest 1is methylated; otherwise, the products are not
obtained.

15 In accordance with a still further aspect of the
present invention, a biological microchip for use in cancer
diagnosis is provided, which comprises a part of the RUNX3
cDNA SEQ. ID. NO: 1 or proteins produced therefrom.

Generally, a biological microchip for the diagnosis of

20 diseases, which is based on principles of molecular biology
and electronic engineering, has tens to tens of thousands of
DNAs or proteins integrated on a small chip. Thanks to the
high level of integration, the biological microchip can be
used to search f¢r at least hundreds of genes or proteins

25 within a short period of time. Therefore, the biological
chip can be used to perform a search for novel genes or to
diagnose diseases very rapidly and simply, compared to

conventional bioengineering techniques. Biological chips can
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deposi tunder the Budapest Tttaty wag revved by it onNTE ~ N~r~~'r~A" 10Nane.
Koroen Coliectb~ for Type CutttJre6Si B~~(sl ~ (s~ Saving the powerto
tnpresent the International DepositsryAuthority oaf prized

o~aal (s): Addr ess:A eetderRendarstandisgi oft thef PFReent civensded may be
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forth to illustrate, but are not to be construed to limit, the

15 present invention.

EXAMPLE 1: Establ_.isl’nnant of the SNUl16-Rx3-AS and MKN28-Rx3

Cell Strains

20 To elucidate the function of the RUNX3 gene in vivo,
cell strains capable of over-expressing a sense RUNX3 gene

and an antisense RUNX3 gene were established as follows.

1-1 CQnstructionﬁ,of expression plasmid vectors containing

25 saense and antisen* RUNX3 genes

The human RUNX3 gene cloned by the present inventors in
1995 (Bae et al., Gene, 159 (2):245-248, 1995; cDNA

nucleotide sequence GenBank Accession No. 235278) was used to
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VWHAT |S CLAIMED | S: PCT/ KROL/ 00121 1. A human RUNX3 gene with tunor
suppressor activity, conposed of a cDNA nucl eotide sequence SEQ ID. NO 1.
5 2. A RUNX3 protein, encoded by an open readi ng frame between the

transl ati Whdih@t i on codon and the transl ation term napé of the
RUNX3 gengogpﬂgﬁtlgﬁ?m 1, conprising an amno acid sequenceigg%.l‘%mm: 2. 10
3. An expression plasmd, which has the RUNX3 gene of claim1 inserted in
the sense direction thereto and allows a sense RUNX3 gene to be expressed.
15 4. An expression plasm d, which has the RUNX3 gene of claim1l inserted
in the anti jF ion,t o] ti:Sen NX3 ne to be
expr essed. gsﬂiﬁiégﬁ %ngQP%,Ogéﬁ%ﬁ% %%gﬁgéé ?ﬁeg%gﬁﬁkiiggoﬁﬁﬁ aénigggo of
claim 3 thegshA afdeisdawWixBhgea¥Ehas X Shicaeoeiaé headildiéd gene ob, claim 1.
6. Acell strain as set forth in claimb5, wherein the cell strainis

MKN28- Rx3 ( Depokiwiitdn ahioopCread3sdPjrares chngin® X rest ahé i stemdlbyion
transfecting the expression plasmd of claim3 into the MKN28 strain. 7. A

cel | strainStRBE FAAHYOIC tHE SEANEISFEN vERIDICIOU 2 Whigp 6DFObADEY
IR LILAEED PN VT e AT

RUNX3 gene. e"cel |l “strainas set in crarm n _
strain whi chmsgd estiy edahueRBEPi§Sskhe BXPIRESI0N st hea RBXBcpgeney is
SNU16- Rx3- AS-c11 (Deposition NO: KCTC 0934BP) established by transfecting
t he expressDSA pragmint cfomplrasimgl CpG adllamdSNptéssitr aim.tHe) vAcihheycel |

strain as set forth in claim7, wherein the cell strain which selectively
i nhi bits thefef¥Pskith tbe RHEXRWIES fafethe snugiigpsiar 3semente EBApositi on

Clai m 4 i nt 40 1O SNUTE 8 1o n55 287 A phar mceut cal - conposi £ on as. an
anticanggr agent.a COMIY Y 'Bdrie DRRT 2840 P! 8515 .0 1) LApPiSing a
coding region out of the cDNA of the RUNX3 gene SEQ. ID. NO:
1 was inserted in the sense direction into a pEF-BOS vector
(Mizushima et al., Nucleic Acids Res., 18(17):5322, 1990) at
an Xbal site to construct a recombinant plasmid vector, named

15 pEF-BOS-Rx3, which expresses a sense RUNX3 gene.

Separately, the RUNX3 <¢DNA was inserted in the

antisense direction into a pEF-BOS vector at an Xbal site to

construct a recombinant vector, named pEF-BOS-Rx3-AS.

20 1-2 Stable transfection

The plasmid vector pEF-BOS-Rx3, established in Example

1-1, and pcDNA3.1l, which contains a neo selection marker,
were co-transfected into the MKN28 strain by the
Lipofectamine (Gibco BRL) method as specified by the

25 manufacturer. MKNZ28 does not endogenously express RUNX3.
Stable transfectants that harbored pEF-B0OS-Rx3 (sense RUNX3
RNA) were selected in the presence of G418. The MKN28 strain

overexpressing sense RUNX3 RNA was named MKN28-Rx3 and
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11. A pharmaceutical conposition as an anticancer agent, 20 conprising the
RUNX3 gene of claim 1. 12. A pharnaceutical conposition as an anti cancer
agent, conprising the RUNX3 cDNA havi ng the nucl eoti de sequence SEQ ID.
NO: 1. 25 {d-026s:10far maceuti cal conposition as an anti canges?n& ka1
conprising the RUNX3 RNA transcribed fromthe RUNX3 gene of claim1l. 43
WO 02/ 061069 PCT/I1~A /00121 14. A pharnaceutical conposition as an

anti cancer agent, conprising the RUNX3 protein of claim2. 5 15. A
pharmaceutical conposition as an anticancer agent, conprising a materi al

capabl e of gyepubatddigwifie Rhét KeReseaesl bt agdd Viiye abdio®tdybati on of
a nucl eoti de sequence SEQ ID. NGO 3, containing CoGislands in the

vicinity of KbheaeXxmseadroh dmsRikixBe gerfe. Bildsciéncéd rapichoBidtarchiiodggpsi ng
cancers, characterized bx detecting the net hal ation of a nucleotide
sequence SEGKRIBR) Npdes theflenasifgomits i KLARdPIHABEsent Jareard eXBBL1 of the
RUNX3 gene, corrpr,ll sin rtarj]_e stelgsﬁzl f:o 5 isoal at;lng lﬁenon‘i.c DNA IRQ a tunor
tissue of a subj ect® gegfi ﬁa e gel OTHEC CORA F.e aar?%]sste_lnis(e,t' nzyme
sensitive t geRALERL hYL Bl 1BheaCBY BbLOELAJIRCUSRO N Se DY HiigeSic3 e8P an
agarose gel by el ectrophoresis and transferring themonto a nenbrane; 20
hybri di zi ng pEFeBOB+RNB-ASDNAldhgesiwstiv t pcBNARAI, 0l alglcRd NAtaimde dor a
RUNX3 gene: and exposing the nenbrane to a filmto detect the expression of
t he RUNX3 gégéechion marketet higibof dihedi SHEsi stgadanc er gastfaraceacered by
detecting the hyl aj.j.on of nu¢l eoti.de _sequence  SEQ . NQ

cont ai ni ng éﬁéqfif%%db&lﬂ}g eﬁ‘?'ne 'rei\gai? n EaB‘fge{ %‘sﬁumx§‘g€hég%68§r§ri si ng

t he steps ofy: 0§10 KRG/ QQ1 Lsql ati genqmi-e.DpA from
t he bl ood orlgtgéfm;:hg\?sgéé (%?‘ gggggéect: d)?%egﬁnﬁg nﬁe aggnnomg ith a
restrictioon segayDEng ediad telnv § Phok DB ael,hyHrakl oNat . eeddar 5cag @.psl ynerase

chain reaction (PCR) with the genom c DNA digests serving as tenpl ates and
with parts & ,thl nitP 1 @e8Idquedf84bf SEE¥able NEnFestantmgwesepri ners:

obtained in the same manner as above. Two transfectants that

excessively express the antisense RUNX3 gene to selectively

inhibit the expression of the RUNX3 gene were named SNU16-

15 Rx3-AS-cll and S8NU16-Rx3-AS-cl2, and deposited with the

Korean Collection for Type Culture of KRIBB under the
deposition Nos. KCTC 0934BP and KCTC 0935BP on Jan. 9, 2001.

For comparison, pcDNA3.l1 was transfected alone into

SUN16 and MKN28, which were cultured in the presence of G418.

20 The clones obtained were used as controls, named control-

SNU16 and control-MKNZ28.

1-3 Northern blot :;analysis

To determine whether the transfectants MKN28-Rx3,

25 SNUl6-Rx3-AS-cll, and SNU16-Rx3-AS-cl2, established in
Example 1-2, express the sense RUNX3 gene or the antisense
RUNX3 gene in large quantities, Northern blotting analysis

was conducted.
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separating the PCR products on an agarose gel by el ectrophoresis to detect
the anplification of a DNA sequence 10 of interest. 18. A bi ol ogical
m crochip for the diagnosis of cancers, using parts of the RUNX3 cDNA SEQ

ID. NO: 1 ti body against a RUNX3 protein produce cDNA. 15
a5 . g ar NP oA, A A Pot/kRifdolA

A AZ A AL. Al AAALA.AALA. A . AAA.A. ALAALA . AAA. AL AL AA
ALA Allr.AYH .Ar. A . A . A Ar

$ Qz+, z=>} xsni d_ZUP] ca] ca] ca] ca] ca] ca] ca] ca] ca U] c”a] ca] ca] ca] ca] ca] cal] ca

Ucta Ucta U c'addhe"dell el Lﬂt@\’\avag] ¢raphted afAdnCach cell strain
U c”al] cal] ca] caNO " */ 01*+

QVXY{ vql gb\ ¥¢thdildac ajec ad csxt]am]acrd] o@kbadl ca&]ﬁmd:]m]kcae]tcae]lca] Mlleahtad cal] cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal Ypq. [ H WK
P} xsni d_Z] Ul:é]’@al]%a] gajlekpeatresy cBpRdd o) 3%] ca] E%Hecva] Ea}%afea}ea] caJcalc
?:]Ef\?!}]:g]b]:% % % %C%ﬁg%%a'} ggs} 22 ggl ;ﬁca’] é‘]fcgf“é%]%%’ic"aﬁe@a ca ca] calcalc
a] ca] ca] galj,ga] Céﬂagﬂ&%ﬂ Cfﬂnca]aca]Paﬂ%ca'f@i'ﬁa/‘ldehyde/agarose gel
'{vgl ga[ V] ] cal] caU] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] caktatcrjphrireal sa] amd cajremlscattdd " "dntioll ANBRABEMI-N(\ aylof (3) 6) 9) :
VORI e Ve b’ e homks ootk ‘of stig. Ipw) N0t 1 (Bae
et al., Gene, 159 (2):245-248, 1995) was labeled with [a-
32p1dcTP for use as a probe for Dblotting analysis.
10 Hybridization was conducted by incubating the Hybond-N* nylon
membrane and the radiolabeled RUNX3 DNA probe at 65°C for 16
hours in 5x Denhardt’s solution comprising 5x SSPE, 0.5% SDS
and 100 mg/ml of salmon sperm. Afterwards, the nylon
membrane was washed twice with 2x SSPE/0.1% SDS solution at
15 room temperature for 15 min and twice with 0.1x SSPE/0.1% SDS
solution at 65°C for 15 min. The membrane was exposed to
Kodak XAR-5 film for 16 hours at =70°C to yield an
autoradiogram.
On the autoradiogram obtained from the MKN28-Rx3 strain,
20 a single band was observed at a position close to that of 18S
RNA, verifying tha expression of the RUNX3 cDNA in the strain.
In contrast, SNUl6-Rx3-AS-cll and SNUl6-Rx3-AS-clZ2 cells,
which harbor the .antisense RUNX3 cDNA, were found to give
antisense RUNX3 gqne transcripts of various sizes as detected
25 by multiple bands on the autoradiogram. In the control-SUN16

strain, the expression of the endogenous RUNX3 gene was not

detected by Northarn blotting analysis (see Fig. 3).
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a] ca U] c”al] cal] ced cedera]icajfig. 4a, the TGF-Pl treatment induced cell

SWHf L2#) 6E7i 739F YTI

U] c”a] c?a] ca]dééfﬁg]{l\égj]sgrgf'ﬁa]%g%a] cgiﬂ‘%%%}iﬁ %Tl@'éﬁ GRS CEFEa)CATEY] ca] ca
Ucnalca Ul cial c2, ! 20ue . - e

&E: 5Ht v} xs %%]ﬁfﬁféaf’é%ﬁ%ﬁ] U]’ca‘]’caﬁ cd caﬂ]’ca‘] ca cafca] ca] ca]
ca] ca] casUl gralicalgyahcal srleskeallra el crkeansd€ria) ¢ lld, cial wHipK~

| 2BCNY{vpke ZUj e_YTI gb]]] cal] ca] ca] c*a] ca] c”a] cal] ca] cal] ca] cal] ca] cal] ca] c
al] ca] cay ca:]tmaU]au‘a]wLﬂeca]R&Jm cajerel)] vabc/ekcegivellya] esdldessed to

' - &gu* - @qPS e ZU] e YTI b] ]1caUy] ca] ca] caU] cal] ca] cay] ca] caU] ca] cal] ca]c
aU] ca] caU] ¢ EXPESRA RN Uy 2| 26y c ¥ESEEFUZK” zu

ojcjVie ZUe ITkgPiid ;ﬂter %legkment with TGF-Bl. These results suggest

that the RUNX3 gene is involved in TGF-Bl-induced cell death

20 in SNU16 cells.

2-2 Role of RUNX3 gene in TGF-f induced cell death.

Cells dying through the programmed cell death pathway
reveal a distinct pattern of DNA bands when electrophoresed

25 in an agarose gel. After being treated with 1 ng/ml TGF-p1l
for 6 hours, the control-SNU16, SNU16-Rx3-AS-cll, and SNUl6-
Rx3-AS-cl2 strains were 1lysed to isolate genomic DNAs

according to a standard method (Sambrook et al., 1988,
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1109 " & () - 195% 1893 a@e( j9el1gosievipualizedy pdth) pER '‘Rnomide under

100 (1 L L0nkE () 50N 30 AR 1 MRS 07 B aSTwee>

HeE ()1 L, 10%HE ) SCbit! 0%HHEHE lrd | MobQUE L dohabharh 1000 BoGbnL TUVXYSKI
> 10H: s10% ! 109HH& () -- !'109%& ()--3109 ()-L'I094& ()-310%4& ()- 10H
10H$8P] | " z¥Peeiflic apoptotic DNA bands were formed from the SNU16 cells

10H: " 1094& ()-!'1T10% HIH& () --! D 109DHDHE' () --!109&' ()--! 1! 10%HIH& ()--!,!
10%;H,H&f()tréab@éFykth]IGF—Bl (fig 4b, lanes 1 and 2). No apoptotic

- 0, 0, ! Rl 0, ! - 0 ! | 0 ! - 0 ! -
10 10% @ 1098 ()8 Q1008080 SSIONRE (o ! AQUREA)- IO (g 10+
10H &( 1309656 L)r @RI0ME (o1 G' 104R798 izt 10%8PADrebto! 1AZE5Y ()-0
10%3&'()-a\7§ iélﬁ 1 T/%5 Ml Wit pres
antisense RNX3 gene, and therefore have a selective reduction
in RUNX3 expression (fig 4b, lanes 3 to 6).
We concluded from these results that SNUl16 cells are

killed by TGF-Pl stimuli through an apoptotic pathway and

15 that RUNX3 is required for the process.

EXAMPLE 3: ngg:essive Activity of RUNX3 Against

Tumorigenicity

20 It is known that TGF-pfl-induced apoptosis is a very
important mechanism for suppressing the progression of normal
cells toward cancer and that most of the factors in the TGF-
Bl pathway have tumor suppressor activity. The RUNX3 gene
was assayed for tumor suppressor activity using nude mice,

25 with the expectation that an anticancer effect would be seen.

To this end, the SNU16-Rx3-AS-cll and SNU16-Rx3-AS-cl2
strains, in whigh RUNX3 gene expression is selectively

inhibited and the control-SUN16 strain were suspended in
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It was observed that tumors developed at higher rates
in the mice into which the SNU16-Rx3-AS-cll or the SNUl6-Rx3-
AS-cl2 cells were injected than the mice into which the

20 control SNUl6é cells were injected, as shown in Fig. 5a. 1In
detail, cancerous masses formed in the control SNU1l6 cell-
injected group were measured to be 800 mm® in volume at the
final day. In contrast, cancerous masses of the groups into
which SNU16-Rx3-AS-cll and SNU16-Rx3-AS-cl2 were injected

25 were measured at 1,600 mm® in volume, twice as large as those
of the control group. Ninety-eight days after the injectiocn,
the cancerous masges were excised from the mice and compared

to one another. The cancerous masses from the experimental
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[ 9MB70H Thirty days after the injection, the cancerous masses were
P&FT10%"& ()-!11#&110%W"& ()-!!Bs,110%"& ()-!s,!'10%"& ()-LI10% & ()-310%
"& () - Sp5gqessissx YRC8OHthé0'mice and compared to one another. The
cancerous masses excised from the MKN28-Rx3-injected
experimental group were macroscopically smaller than those
excised from the control group (Fig. 5c).

Taken together, these results demonstrate that the

20 RUNX3 gene has tumor suppressor activity.

EXAMPLE 4: Analysis of the Expression Pattern of the RUNX3

Gene in Cancer Ce]ﬁ

25 4~-1 RT-PCR analysis

The expression pattern of the RUNX3 gene was analyzed
in various cancer cell lines by RT-PCR. Total RNAs were

isolated from 15 gastric cancer cell lines and 17 lung cancer
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10%H& () - 589btaiaes] fgigm the Korean Collection for Type Culture of Korea
Research Institute of Bioscience and Biotechnology (KRIBB).
10 Total RNA was isolated from each cancer cell line,
according to a standardized single-step guanidium method
(Sambrook et al., Molecular Cloning: a laboratory manual, 2™
Ed., 1988, Cold Spring Harbor Laboratory). Using a
Superscript kit (Gibco BRL) according to the manufacturer’s
15 protocol, reverse transcription was performed to prepare cDNA
from the isolated total RNA with o0ligo-dTs serving as primers.
Based on the cDNA, the RUNX3 gene was amplified by RT-PCR to
determine the production of RUNX3 mRNA. For this RT-PCR, two
pairs of PCR primers, PS-N and PS-C, were synthesized, which
20 were composed of a set of the sense primer PS-NA SEQ. ID. NO:
4 and the antisense primer PS-NB SEQ. ID. NO: 5 and a set of
the sense primer PS-CA SEQ. ID., NO: 6 and the antisense
primer PS-CB SEQ. ID. NO: 7. The nucleotide sequences of
these two pairs of PCR primers were designed on the basis of
25 the cDNA nucleotide sequence of the RUNX3 gene SEQ. ID. NO: 1
(Fig. 5a).
For comparison, PEBP2B/CBFB cDNA and f-actin cDNA were

used as controls in the RT-PCR. To amplify the controls, a
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sequences of these primer pairs were designed on the basis of
human PEBP2BP cDNA and P-actin cDNA nucleotide sequences.
In a thermal cycler, such as “Model 9600” manufactured
by Perkin-Elmer Cetus, RT-PCR was started with a 95°C pre-
10 denaturation of 50 Ml of each PCR solution for 2 min and
carried out with 30 cycles of denaturing at 95°C for 15 sec,
annealing at 50°C for 1 min, and extending at 72°C for 1 min.
After completion of the RT-PCR, $ ul of the RT-PCR product
was electrophoresed on a 1.2% agarose gel and dyed with
15 ethidium bromide for observation under UV light.
Among the gastric cancer cell lines, SNUS, SNU16,
SNU719, MKN1l, MKN45, RF1l, RF48, MKN7, and AZ521 were found to
produce RT-PCR products with the expected sizes (1,080 bp
with the PS~-N primer pair and 870 bp with the PS-C primer
20 pair). However, MKN7 produced RT-PCR products in very small
guantities, as shown in Fig. 6b. No RT~PCR products were
obtained from the-SNU1l, NUGC3, MKN28, MKN74, AGS, and KatoIII
cell lines when using either the PS-N primer pair or the PS-C
primer pair.
25 Among the 17 lung cancer cell lines, expression of the
RUNX3 gene was suppressed significantly in the HS888Lu cell
line and completely in the NCI-H226, NCI-460, NCI-H630, and

Lué5 cell lines, as shown in Fig. 6c.
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As apparent from the autoradiogram, the RT-PCR precducts
were amplified from the RUNX3 cDNA (PS-3 ST). 1In addition,
15 the amplification of PEBP2B and B-actin cDNAs from identical
first cDNA strands was observed, indicating that the lack of
amplification of RUNX3 cDNAs in the gastric cancer cell lines
SNU1l, NUGC3, MKN28, MKN74, AGS, KatoIlI, NCI-H226, and lung
cancer cell 1linas, NCI-460, NCI-H630, and Lu65 can be
20 attributed to a lack of expression of the RUNX3 gene in those
cell lines. Likewise, the low levels of the RT-PCR products
in the MKN7 and Hs888Lu cell lines result from the low
expression levels of the RUNX3 gene in those cell lines.
From the above results, it is apparent that the RUNX3
25 gene is remarkably or completely suppressed in about 47% of
the gastric cancer cell lines and about 30% of the lung
cancer cell lines, Because TGF-B-induced apoptosis does not

occur and the tumorigenicity of cancer cells is increased in

34



105: 10968 () - <UWWr?bCL0" , 41096&' () -! @ 10965& ()-Y! @1 109658 () - YZL0%B&' ()

Y 1096& () - ML0%& () -

Hf LaBbCLO" s*s! 1096& () -, &GLOYBE () -, FUGLOYES&' () -, y#10%%& ()-9 ! 10968&' ()-Z! 9

*1 109658 () 6E~ @0" ! 1096& ()- F109%6& ()- 105 10

105! : 0%@?)@’&@”' 109%5¢& () -, , , Z109%8&. () - E7) a?~_@0" !, ?ﬁ%%lé?o e &10%&

“()-1°1109%85& () - 109%¢& () -, 4109%& () -, GLOYBE ()7)i YA?~_@o" SY‘V&O%S&' 0-1,

1109858 ()- ! #& | 109858 () - @L0%& () - GL0%B& ()- ! 10968 () - gAY AR

£ 10" 3109%4&' ()- 105 105

105: 10%& (1nt#8(Bsdd@28 GQbskHOé sbi0kEmEs () the? Hpk¥B 68n (o FRINZXEdY: 10"!

(5! L0% H(H&' () - ! #s! 10%¢H#H& () -1 5! L0Y%HS! () - | Ks! LO%HE () - ! s! 10%+& ()-L! 10

&' () - 8zod¥el®"dxNph@¥EROt Jcarl®d dfH mportant diagnostic index in about

10H 10948’ ()-! 1F. | 109%HLH&' () - S! 1F. | 109%HLH&' () - SI)%%‘I 10%HHR' () - 9wkt

aBdY: 10" 1 * GABY-RE( J9aSEri0oPPRESY - ceFinopRsl (§b® 034%; P3 - lung  cancer

10%4&' () -

&E: }[ 9dY: 10"?@& é*“lé‘%?ﬁl%? %L1 Bhe STolGduFARERT o e SERIIEY Y - 21 Z10%H8: ()

- 8L 10985 () - Y1098 () - }"SH=10"! | 10H 10H

10H 10%4& () - BSLO%K ()-l 1s!10% H, H&' ()- 2!, 1s! 10%4H&' () - Z, 3. ZL0%H&' () - 5H}

[ <SHF10"! | YERAMRIK )5 Q& ( HE FONRCIGIRY(LA t EORATRME Exonsl 168&EES - | 1098’ (

y-Bvt] HSH:10"||Y T07& Y- T 10%& () -

(0Yf 10%&' () Ry s Gerpung A L0kenea | 109! () -1 | 109 () -1 109 () -1 109 (

)-1t\ <=10109%& ()-!| LO%& ()-I 10%&: ()-I | 109& () -! 109%&' () -

MNG] kxX<=L1010% ()- ! 109 ()- ! | 10%&’ () - 1 10%& () - | 10% ()- | kI npr t vhH<=101010

O () - L0%i5() -AdDRiiC 0 ()-1]10

& ()-1 100&> LA : ‘ sha B S ()-!

10% () 16 1068’ §ondad@BRA10YE () - ! | TO%&' () - ! 1008 ()-l | 109& ()-! 10%& ()-!012B

aoPQ P8 | 16’7&9"‘7!’17?7&'()-| 100&' ()-110%& ()-!] 10% () -! QSUKK/ =10%& ()-! 10%

& ()-!] 10%: () - | MovgAeyemioss, yhethegygthe - SREH5ING: KI%) BOWS (Fend 0% () - !
109&' ()-! 109 ()-!| 5 kS7=109 109%&' ()-1 109 ()-!| 109% ()-! 109%& ()-!00

|7 | 10%(&') () - FX8% /é} ’)‘J“l I’G@&C?L}S%&&D‘%’} g tign, :FHFL%H%L 58S - 1 | 109&

- VR X
D ova () L0 REredsishatE, Ehe SR GEns (3at She MRSTICTRIAGHASD) OF | A
10%&' () - | qtR¥&1i6)ands/ddO %) nda\flﬁéw&xe)eiaﬂoiowmilw 'thikBh6 & ()-

|1+10% 6 & ()- +10% 6 & ()- !10% 6 & ()-
01094.1&'16) - GEROWE: ( \DNRAKAQ dhexT0oBlotiging) - us1096 Wstriction enzymes

sensitive to DNA methylation.
Genomic DNAs were isolated from cancer c¢ell lines
according to a standardized SDS/protease K method (Sambrook
et al., 1989). The isolated genomic DNAs were treated with a
20 restriction enzyme that is unable to cut methylated DNA
(SmaI), and separately, with one that is able to cut DNA
irrespective of methylation (BamHI). The restriction enzyme
digests were electrophoresed on a 1.5% agarose gel and then
transferred onto a Hybond-N* membrane. A genomic DNA
25 Nhel/Mlul fragment comprising CpG islands of the RUNX3 gene
was used as a DNA probe (Fig. 7a), and hybridization was
carried out in the same manner as in the Northern blotting

analysis of Example 1-3, followed by autoradiography on XAR-5
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films. The genomic DNA was isolated from human genome DNA

libraries with the RUNX3 cDNA of SEQ. ID. NO: 1 serving as a
probe.

The Smal digestion was observed to be greatly reduced

5 specifically in those gastric cancer cell lines whose RUNX3

gene expression was not detected, that is, in the SNU1l, NUGC3,

MKN28, MKN74, AGS, and KatoIIl cell lines, as shown in Fig.

7b. The MKN7 cell line in which the expression level was

significantly low showed a partially methylated pattern (Fig.

10 7b). These results indicate that the expression of the RUNX3

gene is closely correlated with the level of DNA methylation

at loci near RUNX3 exon 1 in cancer cell lines. Since RUNX3

gene-specific bangds are detected in all of the cell lines

despite differences in methylation, it can be concluded that

15 some cancer cell lines in which the expression of the RUNX3

gene 1s not detected under normal conditions have the normal

RUNX3 gene, but do not express it due to abnormal methylation.

5-2 Reactivation of the RUNX3 gene

20 To determine whether the DNA methylation observed in
Example 5-1 is the direct cause of the inactivation of the
RUNX3 gene, the influence of a DNA methyltransferase
inhibitor and a histone deacetylase inhibitor on the
reactivation of the RUNX3 gene expression was analyzed.

25 The NUGC3, MKN28, and MKN74 cell 1lines (selected
randomly from the cell lines showing no RUNX3 gene expression
by RT-PCR analysis) were treated with 5-aza-3-deoxycytidine

(AZA, 300 nM), which inhibits DNA methyltransferase, and
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trichostatin A (TSA, 1 mM), which inhibits histone
deacetylase, alone or in combination. After 3 days of the
treatment, total RNA was isolated from each cell line in
accordance with the same standardized single-step guanidium
5 method used in BHExample 4-1, and then analyzed for the
expression of the RUNX3 gene by RT-PCR using the PS-N primer
pair of SEQ. ID. NOS: 4 and 5.
Upon treatment with the DNA methyltransferase inhibitor
or the histone deacetylase inhibitor, the expression of the
10 RUNX3 gene was observed, as seen in Fig. 8. These results
reveal that hyper~methylation suppresses the expression of
the RUNX3 gene in about 37% of the gastric and lung cancer
cells owing to the hyper-methylation of CpG islands at loci
near the exon 1 of the RUNX3 gene.
15 The expression plasmid capable of expressing the sense
RUNX3 gene, constructed in Example 1-1, was assayed for acute

toxicity as follows.

EXAMPLE 6: Acute Toxicity Test upon Parenteral Administration

20 of pEF-BOS-Rx3 to Rat

An acute toxicity test was conducted using rats of a
specific pathogen-free SD lineage at 6 weeks of age. PpEF-
BOS-Rx3 (prepared as described in Example 1-1) was suspended

25 in 1 ml of a physiological saline solution and administered
to the anterior tibialis of two rats at a dose of 1 mg/kg by
intramuscular injaction. After the injection, the rats were

observed for death, clinical traits, and body weight changes,
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and serological and serobiochemical analyses were conducted.
In addition, the rats were sacrificed in order to observe the
abdominal and thoracic organs. In neither animal were
specifically noteworthy clinical traits found. No animals

5 died from the administration of the test material, and no
changes were observed in the body weight. The seroclogical
assay, serobiochemical assay, and autopsy test were all
normal. Accordingly, pEF-BOS-Rx3 was identified as safe,
with an LDsp of at least 1 mg/kg upon parenteral injection.

10

INDUSTRIAL APPLICABILITY

As described previously herein, the RUNX3 gene of the

present invention shows excellent tumor suppressor activity

15 and is indispensably involved in TGF-f-dependent programmed
cell death (apoptosis). Additionally, the suppression of
RUNX3 gene expression 1is attributed to abnormal DNA
methylation of CpG islands located near exon 1 of the RUNX3
gene. Accordingly, the RUNX3 gene and its products (RNA and

20 proteins) can be utilized for the development of gene therapy
for cancers. Measurement of the abnormal DNA methylation in

the vicinity of exon 1 of the RUNX3 gene is useful for
diagnosis of cangers. In addition, chemicals capable of
regulating the abnormal DNA methylation and its consequences

25 (for examples DNA methyltransferase inhibitors and HDAC
inhibitors) can be used as anticancer agents because of their

ability to promote the expression of the RUNX3 gene.

38



& ()- '+109% 6 & ()- '+109% 6 & ()- ;<=ij koRO4!!+10% 6 & ()- +10% 6 & ()-
Cl+109% 6 & ()- +10% 6 & ()- C +10% 6 & ()- jHO4!Cl +10% 6 & ()- !+109% 6
& ()- +10% 6 & ()- !+10% 6 & ()- +10% 6 & ()- G L44! C+10% 6 & ()- +10%

6 &()- O wbiffhefies ()- ! +10% PCT/KR01/00121
By g an s T TERMATIONAL AacoGaTON oF 152 cgrosrT | : -5

INTERNATIONAL FORM
RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT

| Issued pursuvant to Rule 7.1

TO ¢ BAFE, Suk—Chul
Depurtment of Biochemisury, College of Medicine, Chungbuk National University,
$48 Gacshin~dong, Heungduk-ku, Cheongju-si, Chungluk 361-763
Rupublic of Korca

I, T . IS

; Accession number given by the
Identification reference given by the
DEPOSITOR: !;‘Q‘I‘ERNA‘RQNAL DEPOSITARY
MKN28-Rx3 KCTC 0833BP

|, SCIENTIFIC DESCRIFTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under | above wes accompanied by:
[ x ) a scientific deseriptibn .
{ ) a proposed taxonomic designation

{Mark with & cross where applicabls)
|11, RECEIPT AND ACCEPTANCE
This International Depositary Authority accepts the microorganigm identified wnder I above,
which was received by it on January 08 2001.

The microorganism identified under | ghove wes received by this International Depositary
Authority on and a request to convert the ariginal deposit to a deposit
under the Budapest Treaty was reccived by it on

(.

.V INTERNATIONAL DEPQSITARY. AUTHORITY

Name. Korean Collection for Type Culures Signature(s) of persan(s) having the power
to represent the International Depositary

Authority of suthorized official(s):
Address: Korea Reqeanch Institute of
Bioscience and Biotechnology B H S‘
(KRIBB) v ¢
- AT
?!'s?'w?nunsoggnag'ﬂ mongia BAE, Kyung Sook, Director
Republic of Korea Date: January 26 2001

39



6 & ()- '+10% 6 & ()- ,-?VWKeML4! +10% 6 & ()- C +10% 6 & ()- +10% 6
& ()- C+10% 6 & ()- !+10% 6 & ()- X[\]~kzvU4 19 :10%& ()- Y9 :10%g& ()-
1109%g& ()- Y10%g& ()-1010610 Yf: 109 ()-BZ{Y7vU4 1410% { & ()- !'10% {
& ()- WOlOW@%203r06eV10%& () - " 10%& ()-3 2010% & () - 38HI Te ?ﬁg%m{l & ()-
VI410% { & ()- '4109% { & ()- VA10% { & ()- '410% { & ()-

Tnop~oR04! 410% { & ()- 410% {

BUDA!!!T TREATY ON THE INTERNATION mﬂ" m
OF MIGROORUANISMS *OR THE PU'HIO#W PATENY hocm“ﬁ'im

iy

INTERNATIONAL FORM -
RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT

l {ssued pursuant to Ruls 7.1

TO @ BAE, Suk-Chul
Department of Biochemistry, College of Medicine, Chungbuk National University,

$48 Gaeshin-dong, Heungduk-ku, Cheongju-si. Chungbuk 361-763
Rupublic of Koreu

ifleati Accesslon number given by the
[dendfication reference given by the
DEPOSITOR: TTBRN}?!?QNAL DEPOSITARY

SNU16-Rx3-AS-cll

The microorganism identifled under 1 above was aocompamed by:
[ x } a scientific deseription

[ 18 proposed taxonomic designation
{Mark w:th @ cross where apphcable)

N W

This International Depositary Authority accepts the microorganism {dentified under I shove,
which was reccived by it on January 08 2001.

| [V. RECEIPT OF REQUERT FOR CONVERSION

The microorganism identified under 1 above was received by this Internationsl Depositary
Authority on and 3 request o convert the original deposit to & deposit
under the Budapest Treaty was reccived by it on

T

ERNATION

Name. Korean Coliection for Type Cultures | Signature(s) of person(s) having the power
o represent the International Depositary
Authority of suthorized official(s):

Address: Korea Research Institute of
Bioscience and Biotechnology }( N
(KRIBB) ¢

#52, Oun-dong, Yusong-ku,

Tacjon 305-333, BAE, Kyung Sook, Director

Republic of Korea Date: January 26 2001

40



& ()- VI410% { & ()- 410% { & ()- VI410% { & ()- tWe4! 41V410% { & ()-

1410% { & ()- VA10% { & ()- 410% { & ()- V CDEijR04!1410% { & ()-
410% { & ()- '410% { & ()- V 410% { & ()- '410% { & ()-

| j krmopasV@R el { & ()- 410% { & ()- VAL0% PCT/KR01/00121

BUDAPRYT TREATY ON THE INTERNATIONAL FTic or iy pevosty
OF MIGROORCAMNISMS FOR THE PURNOSE OF ol

- :'-

INTERNATIONAL FORM
RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT

‘ issusd pursuant to Rule 7.}

O : BAFE, Suk-Chul
Department of Biochemustry, College of Medicine, Chungbuk National University,

$48 Gacshin-dong, Heungduk-ku, Cheongju-si, Chungbuk 361~763
Rupublic of Korea

Identification reference given by the Accession number given by the

DEPOSITOR: 4li‘l'I‘BRNRAI;‘IYONI\L DEPOSITARY
SNUIG-Rx3-AS~-c12 KCTC @ P
|01, SCENTIFIC DESCRIFTION AND/OR PROPOSED TAXONOMIC DESIGNATION |

The microorganism identified under I above wes accompanied by:
{ x ] a scientific description

( 1 a proposed taxonomic designation
(Mark mt%p: cross whete apﬁuu;.ab!e)

1L, RECEIPT AND ACCEPT. 'mcg
This International Depositary Authority accepts the microorganism identified under I ahove.
which was reccived by it-on January 09 2001.

LL_E@EWON

The microorganism identified under I ebove was received by this International Depositary
Authority on and a request © convert the ariginal deposit to a deposit
under the Budapest Treaty was recved by it on

i ;
: NTE X

Name. Korean Collaction for Type Culturas Signature(s) of person(s) having the power
to represent the International Depositary
Authorlty of authorized official(s):

Address: Korea Research Institute of
Bioscience and Biotechnology }{ .
(KRIBB) ¢

#52, Qun~dong, Yusong-ku, .

Taejon 305-33, BAE, Kyung Sook, Director

Republic of Korea Date: January 26 2001

41



& ()- 14109 { & ()- V4109 { & ()- qroR 4!V410% { & ()-
V410% { & ()-

1410% { & ()-
1410% { & ()- V ghijR041410% { & ()- V410% { & ()-

| 410%

{ & ()- VAL0% { & ()- 1410% { & ()- sQ41410% { & ()- 1410% { & ()-
VA10% { &vé dzr0616630% PCT/KR01/00121

10

15

20

25

WHAT IS CLAIMED IS:

1. A human RUNX3 gene with tumor suppressor activity,

composed of a cDNA nucleotide sequence SEQ. ID. NO: 1.

2. A RUNX3 protein, encoded by an open reading frame
between the translation initiation codon and the translation
termination codon of the RUNX3 gene of claim 1, comprising an

amino acid sequence SEQ. ID. NO: 2.

3. An expression plasmid, which has the RUNX3 gene of
claim 1 inserted in the sense direction thereto and allows a

sense RUNX3 gene to be expressed.

4. An expression plasmid, which has the RUNX3 gene of
claim 1 inserted in the antisense direction thereto and

allows an antisense RUNX3 gene to be expressed.

5. A cell strain, which harbors the expression plasmid
of claim 3 therein and shows the over-expression of the RUNX3

gene of claim 1.

6. A cell strain as set forth in claim 5, wherein the
cell strain is MKN28-Rx3 (Deposition No. KCTC0933BP) which is
established by transfecting the expression plasmid of claim 3

into the MKN28 strain.

7. A cell strain that harbors the expression vector of
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claim 4 and selectively inhibits the expression of the RUNX3

gene.

8. The cell strain as set forth in claim 7, wherein the

5 cell strain which selectively inhibits the expression of the
RUNX3 gene, is SNU16-Rx3-AS-cll (Deposition NO: KCTC 0934BP)
established by transfecting the expression plasmid of claim 4

into the SNUlé strain.

10 9. The cell strain as set forth in claim 7, wherein the
cell strain which selectively inhibits the expression of the
RUNX3 gene, is SNU16-Rx3-AS-cl2 (Deposition NO: KCTC 0935BP)
established by transfecting the expression plasmid of claim 4
into the SNU16 strain.

15

10. A pharmaceutical composition as an anticancer agent,

comprising the expression plasmid of claim 3.

11. A pharmaceutical composition as an anticancer agent,

20 comprising the RUNX3 gene of claim 1.

12. A pharmaceutical composition as an anticancer agent,
comprising the RUNX3 cDNA having the nucleotide sequence SEQ.
ID. NO: 1.
25
13. A pharmaceutical composition as an anticancer agent,
comprising the RUNX3 RNA transcribed from the RUNX3 gene of

claim 1.

43



& ()- +,?2UnQ 41410% { & ()- 410% { & ()- V 14109 { & ()- !410% { & ()-
VA410% { & ()- UWAZ[\]j ~cB!' 410% 10%*! & ()- 10%! & ()-101010

S: 109 ()-410% { & ()- V-n|[:cB' 10%!'& ()-& GLO%!' & ()-& LZ10%! & ()-z
L> 10%+! & () ol & ()- 9110%! & ()-Fh|[:cB! 6(s!10%!&

@A0%! & 89 %3"’5!:11{1% %1 & ()-2 ,10%1 & ()- , 410% & () - Ferdirdtonz:

Y109%+! & ()-a| [ NA4! 10+! 10+! 10+! & : 10%+! & () - & @F10%! & ()- ;1s!10%!' & ()-3
S/310%!' & ()- @, 10%! & ()-6|[: NA4! 10 >BL! 10%+! >& ()-& F10%!' & ()-&
y10%! & ()- F10%! & ()- 9110%! & ()- 10%!& ()-BM|[:NA4I10 (10%! & ()-&
L 940% & ()-& #10%H! & ()- "10% & ()- GLO%! & () -
F110%! & ()-T_b|[:-410+ :10% & ()-& @®F10%! & ()-3& s310%! & ()-

@10%! & ()- , .14108cpRarmacentesl &qmpodipbont B+an angbeangef) agent,

LALF! 10%.+! L& ()- . 10%! &Iét\?)@ & 10% & ()- . 10%! & ()-10+! 10+! p@| [ : A410+!
&3s! 109! & EPPLising, the BUNKS ppoteid Of- CLtadboke & ()- s! 10%! & () -
s!10%! & ()-vU410 @0%m m& ()- ,s410%m m& ()- ~!10% m& () -

F10%m m&' ()-10+! 10+! 10+! |:10%! & ()-Rp!|[:vW410 310%m m&' () -

, Z10%m n&' () - &4E0%l 'ﬁﬁaceukié@ﬂ“ﬂdﬁ%béltiéﬂ“@@ % &hticancer agent,
GLO%r m& () -EHK| | [:vU410 310%r nm& ()- ,Z210%m m& ()- :10%m m&' () -

& 10%m m&' ( remp@®isitiir a&'r@keridll 0%apaBlé ) ofNoreqmilatibngadiirey b3ktdné Headi ng
23] c" "Headi ng 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73] c" " HeadPpgcHdlvdaseHeadt gl 3] @nd - D@Fau?%tlm agfapie nucleotide

Font . Uaj #( p. B49?+FLZRc X dj_pw} : 8! Beg( 8]\ K, . . : :

"S&(*, . 0246§?%WF§%(§PR¥@XZ\&M ) ggl SBRERM N 78S ot 8nd5 « 42 151530677 ;
<>W@xBBDFHI s RN aseR %35, eCL% 2+h- :h<LE)F

: kvoqszv3EY§ %’?E@Jﬂ?ﬁk A #$%&Iri? ?g\i\fﬁ-;%)f% 56789: ;

<=>? @\BGPEFCHI JKLMNOPORSTUWWKYZ[ \ ] ~_" abcdef ghi j kl n6Ti nes New

RomanAri al Couri er New'h Root EntryWrdDocunentr
!"#$%&'()*+,-_/oﬂgg4gﬁmgghpd for diagnosing cancers, characterized by

YL M, o A el b Kb meRes v g7 L
<:>?@\BCDEF95|LJI§E%%§[¥W&\Lglér?cg(:dﬁgé%@njtkldgggp%rxon 1 of the
RUNX3 gene, comprising the steps of:
15 isolating genomic DNA from a tumor tissue of a subject;
digesting the genomic DNA with a restriction enzyme
sensitive to DNA methylation;
separating the genomic DNA digests on an agarose gel by
electrophoresis and transferring them onto a membrane;
20 hybridizing the genomic DNA digests with a radiolabeled
DNA probe for a RUNX3 gene; and
exposing the membrane to a film to detect the

expression of the RUNX3 gene.

25 17. A method for diagnosing cancers, characterized by
detecting the methylation of a nucleotide sequence SEQ. ID.
NO: 3, containing CpG islands present near exon 1 of the

RUNX3 gene, comprising the steps of:
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Isclating genomic DNA from the blood or tumor tissue of
a subject;

digesting the genomic DNA with a restriction enzyme
sensitive to DNA methylation;

5 performing a polymerase chain reaction (PCR) with the
genomic DNA digests serving as templates and with parts of
the nucleotide sequence of SEQ. ID. NO: 3 serving as primers;

separating the PCR products on an agarose gel by
electrophoresis to detect the amplification of a DNA sequence

10 of interest.

18. A biological microchip for the diagnosis of cancers,
using parts of the RUNX3 cDNA SEQ. ID. NO: 1 or an antibody
against a RUNX3 protein produced from the cDNA.

15
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