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ACTIVITY AND USE THERECF FI ELD OF | NVENTI ON 5 The present invention

rel ates tQotdR:RHX3 gene and usej"&ﬂ@“ﬂwmmmﬁ,uan ant i cancegTageMhe12Mor e
specifically, the present inventi characterization of the
RUNX3 gene, its expression and tunor suppressor activity, and its use in
t he devel opnent of cancer diagnosis nethods and 10 anti cancer agents.
BACKGROUND OF THE | NVENTI ON Tunors are assenblies of cells that show
excessive 15 apinpory ) [ al 1 gnant
tunors, which ey can be
dlfflcult to discrimnate betmeen these types Cancers are genetlc di seases
attributed to the nmutation of genes such as oncogenes and tunor suppressor
genes, and their 20 causes cariBepfornchmiIngerReion! ar | evel . Oncogene
. products constitute a signaling network wwthin cells, and are involved in
regul ating signal transduction systens for cell division and
differentiation. Wen their regulation becomes abnormal, cells do not
differeftiate fu?hﬁeﬁmeﬁeﬂtraﬂW@PtQP0|d@125eﬁnﬁQthﬂyRUNhétgﬁget&m@
beconme tunorigenic. If a max could be found to enabl e such an abnorwm
signal trahSEFctisrepat Aty ténBec%’EﬁﬁFeracgt,?@tl ‘nt FoxensPrat L bt Seznttil'l?ancer

ld Db | dth | d.aob .1 h
1020 (16 1065 et KRUTF L0130 16RPEC( v AR S RULPP obte TR PEGnt
cancers ar & S koAbt LEAl einbd %nggﬁegwls 3 ihspr aieal; dher apy.

chem cal therapy ation therapy. ractice i‘nat1 ons t hese

S therapi e flurtﬂeé CRIRI12NEAD VWi h dadsel tALips i enBtR¥Al eNdng
However, chemical therapy is preferred to other therapies when the pain

acconpanylngmnhem@py agentet astatic conditions are taken |n
e

Numer ous anti cancer agents have been devel oped, nobst of whi

the 10 selective killing of cells that are actively dividing.

t hese anticancer agents suffer fromthe disadvantage of al so ki [9%%§ some
normal cells, such as i nmunBACKGROUND,QFhFHE IMENTION| s, with concom tant
significant side effects; they are thus not able to be used for |ong
periods of time . 15 Therefore, there renmains a need for noveI anti cancer

agents. A therapgg{“bgsaqi t Qgggﬁkfasghgfcqggﬁ§ oghg@n ry Q&ebe expect ed

to be highly eff rve an ew Of no acconpanylng ’si FeCts.
15 autonomous proliferation, and are classified into malignant

tumors, which may result in death, and benign tumors:; however,
it can be difficult to discriminate between these types.
Cancers are genetic diseases attributed to the mutation of
genes such as oncogenes and tumor suppressor genes, and their
20 causes can be found at a cellular level. Oncogene products
constitute a signaling network within cells, and are involved
in regulating signal 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 developed that would obtain excellent therapeutic
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Abnormal activation of oncogenes induces cell 20 proliferation, and is one
cause of cancer. In contrast, tunor suppressor genes function to prevent
abnor nmal %(lzggf(ﬁl)i feration or to trigger programed cell pdgatdhiooii
(apoptosi s). ten, tunor suppressor genes trigger apoptosis to kill the
cells with abnormally activated oncogenes thus preventing the 25 formation
of cancerous cells. Were tunor suppressor genes show normal activity,
cells with abnormally activated oncogenes cannot progress toward cancer,
but are annifhylated. Therefore, .t.o becone cancerous cells, cells nust have
2 W0 02/ G61f% ﬁﬁ??ml%ﬁfffc?ﬁactivat ed tunor suppressor genes as

. Well as activat egt'ggggggﬁapeé?% Fs O%ré he peeRaniR® by \phiGh feuppor;

suppressor genes are’ I nactiva I's by hyper-nethylation of CpGislands
(Jones 5 ang el rﬂayaN.at whenCGanatyical - tRdrapghp3- Eﬁ@mié&ﬂ%&hehfab yl addon of

. CpGislands is performed by DNA nmethyltransferase. After significant

met hyl at i onsaddNAibhndtngraswt ei ndnsuplaasioet hydondyinasinasbi afli nthggotein 2
(MECP2) bind to the nethyl ated cytosine of the DNA, which 10 recruits

hi st one5deddetrgpase (¢HDAGutherepeensinpirionexpiehsi bisen ntheraby, #HBAC
renmoves the acetyl groups associated with histones, and the chronpbsomal DNA
in the viciphiaplentt he Pg’é’&é’@lfyl shenirpkt BhesapechireBrekieed Wit chti®ads to

ot hyl at | orf SRR RSt HOPEr dXET 8P e ACRBACYER BIEERRY na) pBSRErar G or
et hy! e ar sef

ot ossed by IRARENy TRt | o are. SRBRpI Tl by RELIELY G- OReRpA
CDCE, M.Hpc and ARt (Aesand ot abibe Nat Ui onsle. Holeg 20 363- 167,

1999). As nentioned previously, histone acetylation and deacetylation are
known t19 plsy)ddmeet ari 110hgs oM rrgulsat ktAgt DNAré r anadiedtyi 081 videndar yot i ¢
cells (Gunstein M, Nature, 389, 399-352, 1997). Sone naturally occurring
conpounds haowev2iy  bedrsé oanti tanqerewernteekh§fér ofrqr ddpee sissagvaninaga
cancer by inhibiting HDAC. Exenplified by trapoxin, trichostatin A and
depudeci n, ¢DAC snhibiltings semee Noganlscgdied SYEht REi AmEBNE| ¢§11D frderse
the transformati on of cancerous cells. O 3 V1'0Q 02/ 11 GLOGO

PCT/ | R(1 1/ O0RiZ1 ¥PRE HERE § mhfHi FRCcHEfddécistInd tipanbes8tdRnGFERERTI zed as

- to its anti-angiogenic actiyity in vivo and in.vitro. Ln addition, the
HDAC | nhi bi EF FE S TS cG RS N F RS oo 08I BParOrBpbnsele:

i ncl udi C C e i Lr L ratj SSi

(ol udi 9 CHLL SHEle, KRLSLT uBkLen: 3 ALLETAL AL dpnscXRLesshnce,
systemis wel Lnkpown,diQr ddehd WENed WIPT 858 0Fa@sdd Vbt YeadBer Dhigthhigpef
TGF-[err] to TG (3 receptors causes the activation of the receptors, which
in 10 turn agpémade Soacb@r olighly byf fphwsiplkor ghdt i on. hénee £oi i vat edo Snad
proteins nove into the nucl eus and regul ate gene expression in cooperation
with ot her acarmgmanymigosiflacedbfests hereby suppressing cell division or

i nduci ng apoptosis (Massague et al., Cell, 103 (2):295-309, 2000). 15 Runx3
is one of the trdwSerMati ond¢REYDFON hattphy SNeapeyes nt erslicedi t hCsihd

o 161 15 (RO P, D1 Lo SRRMCATE BISTTB1o2, 1900) Delgton o
types of capcer, THE LUNRE, SURCESSAInAdY T 1Y YrelEhil CLEloLRASPLRT S
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 cancerous 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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20 was al so denonstrated by an experinment in a cell strain |acking the
TGF-[err] receptor. Wien the cell was transfornmed to express the TG-[err]
receptor,weahlsRi®! i feration was reduced and tunori genesi pcpa&oiBeeased in
an assay in nude mce (Chang et al., Cancer Res., 57 (14):2856-2859, 1997).
The 25 TG~-[err] signal transduction systemis well characterized as to the
repression of cell proliferation, which is achieved by pronoting the
expression of the CDK inhibitor protein p2l. However, the nechani sm by
whi ch TGF-_err%,indu eslﬁggptosis 4 N O 02/f1C111C~9 PCT/hR(11/00121
remai ns t o BECLIEAFFY IHRATdaf BEPTSSBERPICPHSI ydta WAltlus28nRrdelr®ihdi ng
. protein 2) héoﬁgﬂggsed of two submts, a and Vii. There are three genes

whi ch encodé “CHe 'a”subuni t.: RUNX1/ PEBP2a B/ CBFA2/ AML1, 5 RUNX2/ PEBP2a
A CBFA2/ AML2, an UNX3 B AMLR; £Bag And 1 I
. Hi stopat hol , 14(91?51%%3%%2%%%%@%%%%@5 Ruwz%&%\#ﬁé@feﬁgﬁes show
honol ogy ofarab@uhcEOvHEed N APy ByRekInSEYENCRRBINGpEhes addey (M shi ghly
conserved evolutionarily, w th honol ogy of about 950 between 10 npuse and
human. Reganded bsiwad, | nNattaat Ganeati ve/gjene Bh, | euledsls;7, t hel RNXL gene
beconmes associated with other genes by chronosone translocation to cause
acute nyel deghyéakeana opf acdrS | ynighainds| eukeni apenfoemehs (W yodA et
al., EMBO J., 15 12:2715-2721, 1993; Romana et al., Blood, 85:3662-3670,
1995; Ckud@SEhYaFrangfewrpe 91: 3134184 43519008 cakudamethmiatione | DNA

89:321-330, .1996). The RUNX2 | i al l.e |. IS, d

L5 di srupPioRiRbs FEOER R eht aF PRy s N oS atuerding Ry Ao o
Ki i t ; ... .89 75 0 : , t. .

35?578;[3?0,(%%553?6%# xd e %“?9%%#?@%9?%%%%&955‘? Q" figh

Cel I, 88: 73@cf01cs19%)st MNeSO, dddcta Reen ?ﬁﬁ@)t e?téhatreﬁat}@sgu%rgaene

shows oncogenic activity in the formation of T-cell |ynphoma (Stewart et

al ., Proc. MgiessAead. SGin HetSilA HIG 9466 864GeB65Eet 99 roufie RUNX3
gene was identified by the present inventors several years ago as a nenber
of the PEBRZsbatrektyd( Bachet hbdtgneBeneand5¢he) : GhfonAddmal dAMNA Lenandre et
al., Genomcs, 5 WO 02/UGL(I® PCT/IVRO1 /00121 23(2):425-532, 1994).
However, divdeadsasyasfociha edeaatty tatedadiiistsmiesn kacamesctdarss, orwhdfch he
RUNX3 gene, ot her than what we describe in this invention, hasn't been
reported. 5S8O9ETR¥COF FRPESSRVENTI N LESAF ngtFansHelirié¥ent i ent9BIE the
thorouq% and &ntegskve research_on diseaées aﬁégciate w%gh.the agﬁivation
of the RUNKIEFERECRonddct ed THY TRESPr esht i RVant oPE YA+l t eV t he
finding th d S et : r ractj yi 31is
indispensa%%gﬁgg¥§?g§??§$% -?ﬁ%ué% Eap%gggéfggﬂgngéﬁnaggivggé%%lof the
RUNX3 gene iudhifgmes&yé atd:@ireak i bACI n%ﬁnoBU’\'%@p?‘éH\so]r | $efb8S8INbse
correlated with cancer developnent. In the present invention, the RUNX3 15
gene i s charaotessizadiasrépradsecexyr ENAI natlaythi 16 areURREASSOf i&CtHwi ty,
offering the possibility of devel opi ng cancer di agnosis nethods and

anti cancer RigentEP33onVHE, TIDENGR} eSDKNES, ofMiiHie parseAPCi nemeisorerat e to
el ucidate the tunor suppressor activity of the RUNX3 gene and 20 its
nmechani®®m l&idd oNpEBYe deenetti dgdostile” e nbkl an® %) t-her apeutic ' agent for

cancer based on kge trnlé%riorslggpr ;e')]s:ggg_o&g 3'1,\“ t%igéorﬁeUngéetylation and

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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To achi eve the above objectives, the present invention provides a cel
strain having a sense RUNX3 cDNA, in which 25 the RUNX3 cDNA is

over - expr{gseisi@hd a cell strain having an antisense RUN3p ﬁRN@mﬂz@ whi ch
the expression of the RUNX3 gene is inhibited are provided. Also

present invention provides a RUNX3 cDNA with fi WO 02/ (1 GLO&®

PCT/| ~tnl/00i 2 ~ tunor suppressor activity and its correspondi ng protein.

In the present invention, the RUNX3 gene is showmn to play a crucial role in
strains that either overexpress

-~i-d d i .
RONG. cONAEE: SpEe ) %@?J&tgr?fqhggw TH ekpr BR8] B br CHREPRNOF SGoriS
. Addltlonalk% lgslgné g%%l%ute EQE%ﬁNihon of E%%%Slgevgﬁexpre%§lon in

various cell I7nes ¢an b ion'in e V|C|n|ty of

exon 1 of the;RUNX3 gﬁeeﬂoﬁérahﬁablwﬁs %%&%eérﬁ‘véﬂa% ALo desyA-dl0

. pharmaceuti cal conmposition including the RUNX3 gene or its protein.

Finally, the peesBilai nvespbOsedr O¥hdesdises cefi 1t heyRUNXBngereumithr t S
proteins in the devel opnment of anticancer agents and di agnostic met hods. 15

BRI EF DESCRIIPErénNick Td4E EEM&VP«E@ﬂasgloha.pattﬁnnHwAanu&lambmdelsequﬁﬁce of
the human RUNX3 gene with arrows denoting the primers used for RT-PCR 20
anal ysi s am®apslgibetters denoting the translation initiation codon (ATG
and translation stop codon (TGA). Fig. Ib continues the cDNA nucl eotide
sequence of the RRARRCRUNG Gere trna@mdppglomasysi@m 12 velhnkegnmoferi d

sequence deduc d fromthe 25 se nce of the cDNA of t n RUNX3 gene
e e RO, BbnEe st SN ST e TEE S FmnsE Bote | Lot

present :)&&%é% 4 Qf c%{&%e@“%@ %ag%ﬁ ‘Mft iR Sid&pised, asddr oe in

genom c t hern ot analysis not ed
10 turn activate Smad proteins by phosphorylatlon. Once
activated, Smad proteins move into the nucleus and regulate
gene expression in cooperation with other transcription
factors, thereby suppressing cell division or inducing
apoptosis (Massague et al., Cell, 103 (2):295-309, 2000).
15 Runx3 is one of the transcription factors that physically
interact with Smad proteins (Hanai et al., J. Biocl. Chem.
274; 31577-31582, 1999). Deletion or mutation of TGF-§
receptors or Smad genes is observed in cells of various types
of cancer. The tumor suppressor activity of TGF-P receptors
20 was also demonstrated by an experiment in a cell strain
lacking the TGF-f receptor. When the cell was transformed to

express the TGF-B 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-P 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
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7 ~~"O (12/(1(i10(9 PCT/KR(1 t /(10121 underlining and a translation
initiation codon (ATG denoted by bold letters. Fig. 2b continues the

nucl eoti dgspAldaRee of the CpGislands present in exon 1 gfiig N RUNX3
gene fromFig. 5 2a. Fig. 3 is an autoradiogramresulting from Northern

blotting anal ysis for determ ni ng whet her SNU16- Rx3- AS-c11 and
SNU16- Rx3- AS-c12, both having an anti sense RUNX3 gene, and MKN28- Rx3,
havi ng a sense RUNX3 gene, express the 10 anti sense and sense RUNX3 genes.

Fig. 4ais n%fi%l%héb“b&hé:f&f@f‘%&%&ﬁé&b' e SNU16- Rx3AS-cl1l cells are

plotted with regard to trine, those of the control SNU16 cells,

-after treatment webhol R@1Fbmal i Seditand! YEendFy (3rbpduced,ce
death. 15 Fig. 4b is a (ﬁw%tyograghl suﬁovvi ng the resu %tsgo rt he Q) 14

el ect rophor®sippsel tdre grpoBLEMDNAS abtaidnesl fr emeshiUlfe SR RiSHAS- c11,

. and SNU16- Rx3-AS-cl12 after treatnment with 1 ng/m of TG~ (31 for 6 hours so
as to detemning weatbde RUINX3 o s dubvelived i Ruie/ PEER203- Brduere/ oy amred
cell death 20 pathway. Fig. 5a is a graph showing that the size of the
tunors Por MBINX2A PEBESoNT A€CRERZ/ M ur exhderRIIREBP 26i0r CdUBFADBAMIER S

after the subcutaneous injection of SNU16-Rx3-AS-cll and SNU16- Rx3- AS-cl12,
bot h havi ng' #3&st?7<¢t d4°RUNS texpr d4StEORaE0RL 25 18440 he? byet2expr €829 bn of

th i her ej,n: t ral.- SNUL6 whi ch th

RO Gene T R OB praRl "RUBFE SRS riokh TEtRoPat OF T Site: i ce
f c >0 o

Vol U 1 (b B BRo e a5 1 SBubincd ARG EAARYD ShEP! dhe Mfohigps,

whi ch does dufsedvrbeevol e B3] weng t rAnb¥iNgs- B3 apblit Wk € @ RNX3 cDNA

is expressed. Fig. 5c shows a conpari son of cancerous masses excised 5 from
the m c@ saernidd eed aombhe final day of the experinent. Fig. 6a is a
schemati c view showi ng the structure of the RUNX3 cDNA with arrows denoting
t he RT-PCR pri neRepasdedons, aandimpatieingedcdimatdereotdang t e Renkerdaai n,

whi ch plays an inportant role in binding of the RUNX3 protein to 10 DNA .
Fig. 6b shdi® t RENKdsuPeBse ofPREMmas ophePEspEedf RILIPCREFdueesedbtly ned
fromtotal RNAs of 15&&astric cancer cell lines by use of pairs of PS-N

primers (PSNPmIsEMe iat’f‘érlgcfﬁs‘?’t) to hﬁﬁﬁﬁePﬁgﬁ?SW@#@% Wi r QF
of Sout her F 5 CRRRER. AR PhL g ER RGBT o dh Dottt ol BT por
pr g?ggt&% obiARIZAE by 24$€1963 PRénA TR 51T £1 5T | Y 280 iskHo RINKSs £DNA as
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. Ss. A.,
25 94(16):8646-8651, 1997).
The RUNX3 gene 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,



Fig. 6c shows the results of el ectrophoresis of RT-PCR 20 products obtained
fromtotal RNAs of 17 lung cancer cell lines by use of pairs of PS-N
primers (Re®Mos10dge-C primers (PS-C) , and human [err]-act ipgraEaivopral Mers
([err]-actin) , to analyze the production of RUNX3 nRNA. Fig. 7a is a
schematic illustration showing restriction 25 enzyne sites in the vicinity
of RUNX3 exon 1 and the CpG frequency within typical CpGislands, with
thick bars denoting the position of a DNA fragment used as a probe in
genom ¢ So nn,bko nal ¥sj S (12 L CLLUCI Uf 1 Fig.
7b is an a%:ig%&dillg%rg%nﬁf eg%ﬂ)ﬁng%orwoem Sdut]cﬁesfaﬁgEFo%%lgﬁg%ér\% %éh f%gezDNA
- methyl ati onden vhB€oMi 61 Ni A¥c10fvaRINK3 08X BRe IRuNK Y RS cgRsk! thasaeRr cell

| ines by use of DNA probes which can detect parts of the CpG islands. The 5
genom ¢ DNA® wewreribel ahechfd amvieheieancrisoal lbddnnespandetit eat ed with Smal
. (upper), which can not digest nethylated DNA, and BanH (|l ower), which can
digest DNA irrespective of DNA nethylation. Fig. 8 shows the results of
el ectrophoresis of RT-PCR 10 products obtained fromtotal RNAs of NUGC3,
MKN28, and MKN74 after treat rMARYt RQECTHE QINVENTTONcyt i di ne (AZA, 300 nM
or trichostatin A (TSA, 1 m\M), separately or in conbination. The results
indicate that the treatnment with the DNA net hyl transferase inhibitors or
HDAC i nhibitors allows the 15 RUNX3 gene to be .expressed. .DETAI LED
DESCRI PTI ON OF TRESTAVENFRONER CHESHrGaeHt/ Fone! onfe t FOOPBRERorIAAN3 | n
cells is 2 | uci.dat t Ol Sq:RUE e 3 -
anti sense %ﬂﬁﬁ%gé%%A?gge?ﬁ ?o u%g%%ﬁﬁgg 83 ?égﬁ%ﬁ%gﬁa FggNgF?%Y$E}on
OVer - expr essy NGhaenRENPs  &fdlieS ensgndidbPey RIN@, ERspeotdasly. ihbereboge, in
one aspect of the present 1nvention, cell 25 lines are provided that harbor
a sensaoRUNEEIQRNA am aheartiinsi@Age t REAXRUNRBAGERe epeodastvel yaexpt@ssr t he
RUNX3 protein and to selectively inhibit the expression of the RUNX3 gene,
respecti velsuppk@sso¥YVecti2iOd IRUNX3PCE kKRA1s0E 24 T ef drumar-RUN@ugshe
cloned by the present inventors in 1995 (Bae et al., Gene, 159 (2):245-298,
1995; cDNA GRAHteSiEde SBduehBacEeBdiin Acdesdihen RUNX235998F wag uNAd to

construct a plasm d vector capabl e of RgNX3 ex?ression. The
methylation at locl near RUNX3 exon is closely correlated

with cancer development. In the present invention, the RUNX3
15 gene 1is characterized as to 1its 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 cDNA, 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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5 cDNA of the RUNX3 gene has the nucl eotide sequence SEQ ID. NO 1. This
cDNA has an open reading franme ranging fromthe translation start codon to
t he transig%t(jvz\ﬁ@w%; op codon, and encodes a pol ypeptide congicgidig o1 4! 5

am no acids ose putative am no acid sequence is SEQ ID. NO 2 (see Figs.
la 10 to 1c). A DNA fragment conprising CpGislands in the vicinity of exon
1 of the RUNX3 gene has the nucleotide sequence SEQ ID. NO 3 (see Figs.
2a and 2b). A 2,244 by DNA fragnent conprising a coding region of the RUNX3
gene cDNA SEQ ID. NO: 1 (see Fig. la) was inserted 15 in the sense
direction itHPGTaSPRRIERER Y @GV ilM 20dhtha RETaSPONRLRY ePECUits Res. |

. 18(17):5322, 199% % construct .a regonbi nant Rbﬁ gn d_vect.qor, .nane
pEF- BOS- Rx3, whi Bﬁr@§§8§ng JEVSB KINx3 gene: %epﬁ?‘é?ellﬁ, FHETRUNK3 cDNA
Construct £ PUCGnRHARE L EBLEr ThnaTEd L ke SBREE SR or SR pTeah d

vector pEF-BOFiR%3 Mas certransteetegomidd ADRkbDelpKBCtY bBeR&dig & Neo
resi stance selection marker into various cancer cell strains, stable

transf eet annsi@Uer expr €ssi e idie ocfensie RUNKS Jde were selected. In a
preferred 25 enbodi ment of the present invention, the pEF-BOS-Rx3 plasmd
and a plasm d w Abdatimeakkt.edtti ds shoker that elop-supanebetordof MBAhe
MKN28 strain (which does not express a RUNX3 gene) using Lipofectan ne

( G bco- BRL)YIeNgn @ ssdoBctinorVastiots  cepyo (s Can (T PaTh i & 1401121
transfectants was achi eved, by neans .of G418 resistance, Th N28 strain

t hat shows QB‘@eFﬂﬁéﬁ‘éf&é*éé?’anl’bftrﬁé’lé:éﬁéﬁyF@ﬁ)@“@rbﬁe C\%aghﬁaﬁﬁlﬁx =*Rx3 and
deposited with tFe or ean C%I | ection fort Type, Cu tc%e of rl(()(\),rga Resear ch
Institute of 5 BfBStiehte and<Bi ot BEHHGIogy (REF undeP tR&“d8positi on
No. K 0 9, T ' h e S [ se
RO AR P P 2 he g B CEa TP aner Set Ty ¢ b pl s d Frect o pEF. s
Rx3-AS and @rd¥aasrid with a selection marker into cells of 10 the SNUL6
gastric cancer cell line (Kimet al., J. Natl. Cancer Inst., 8(13):938-943,
1991) whi ch has @ankbag} i takedopdderge nenaartt ismop nadided-- (BegerdE syist em (
Park et al . , Proc. Natl. Acad. Sci. U S. A, 91 (10):8772-8776, 1994).
St abl e trarkiiNE aene wede i6ist prpgding imethaantevempmengs odbenticangens
transfectants which expressed the anti sense RUNX3 RNA in excess were naned
SNU16- Rx3- AetE and SNegBosrkac Aihres-and deposited with the Korean

Coll ection for Type Culture of KRIBB under the deposition Nos. KCTC 0934BP
and KCT€ 0935BP on Jan. 9, 2001. 20 To determi ne whether the transfectants
MKN28- Rx3, SNU16- Rx3- AS- NLITA- = ASs |y express the
sense RUNX3 gene or the Mﬁ w&% CcDNA of SEQ ID.
NO: 1 was used as a DNA probe for Northern blotting analysis. A RUNX3
transcript fromthe MKN28-Rx3 25 strain was detected as a single band at a
position almost Fig. 1la 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. lc 1is an amino acid sequence deduced from the
25 sequence of the cDNA of the human RUNX3 gene shown in Fig. la.
Fig. 2a 1s a nucleotide sequence showing CpG islands
present in exon 1 of the human RUNX3 gene with a site used as

a probe in genomic DNA Southern blot analysis denoted by

7



identical to that of 18S RNA, verifying the expression of RUNX3 nRNA in the
cell. In contrast, antisense RUNX3 RNAs of various sizes were detected from
SNU16- Rx 3y, nd SNU16 12 WO 02/ 0C1(169 PCT/ KRO1/0 cl2
cells. Iﬁ“tﬁﬁ’ez%%@rﬁ?r ol SUN16 strain, the expression of the@éﬂxﬂ&fﬁ%@? RUNX3
gene was hardly detected by Nort hern bl otti ng analysis (see Fig. 3). In
anot her aspect of the present invention, a RUNX3 5 gene and its product,

whi ch show t unor suppressor activity, are provided. In the present

i nvention, the function 3, ene .is el ucida ed S|n

MKGH. Res e AohE ARGy a: BEaRele e roRks JgehaR &a R 116
~and the 10 %Ngég RF Q\_S%gc strai ns, whose RUNX3 gene expreSS| on is

sel ectively 8 0 anal yze the role of RUNX3 in the TGF-~i-induced

propramed cell ge thzgamtt%hét thie aYLE: Ris- égqe%c@nef the CpG
. SNU16- Rx3- AS-c12 sirains in which RUNX3 expression i's 15 selectively

i nactivat ed sieh@st peakedt WihheX&h- (345 0pe NBLmSNUEONCE| dsnavefeomiseidy as a
control. Counts of viable cells revealed that TG~ (31 i nduces apoptosis in

the conbrol2astrain, but not in the nutant strains. In detail, treatnent
with TGF- (31 kill ed all SNU16 cells within 2 days. However, 20 treat ment
with TG (31 di dFhet K3 | Est han SRULerRABeRST 1 Feandt BMUL riRr3- WS igxeel | s

(see Fig. 4a). Accordingly, these results show that the RUNX3 gene is
i nvol ved i PXI¢iner- 3pliMsdc etPEerrtagmi M IR SNFJE]Ge’éeISerP\X@h%S p?]e%ent

ention, darenkere g deler e 2, “tgtg?%t N .
EIGe:CE re:)|ro]h|ora{er§j| S OPE%I\[RAggogtm}?acg‘}e satkath},\l?)éagt hro ?Opt ggf Eyé? & s 1:'srfoeeci fic
13 VM@ 0Zd4iides? BEd/ sMR¥d HudxBlgtnes.
Fig. 4a 1s a graph in which counts of viable SNUl6-Rx3-
AS-cll cells are plotted with regard to time, along with
those of the control SNU16 cells, after treatment with 1
ng/ml of TGF-P to analyze TGF-B-induced cell death.

15 Fig. 4b is a photograph showing the results of the
electrophoresis of the genomic DNAs obtained from SNUle,
SNU16-Rx3-AS-cll, and SNU16-Rx3-AS-cl2 after treatment with 1
ng/ml of TGF-Pl for 6 hours so as to determine whether RUNX3
is involved in the TGF-f-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—-expression of the antisense RUNX3 gene therein;
and control-SNUlé 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

8



apoptoti c DNA bands. These bands are apparent in the DNA from SNU16 cells
treated with TG--[err]l (see Fig. 4b Lanes 1 and 2). However, no apoptotic
bands Werﬁ,oge%g{(%ﬁd in the DNA of the SNU16- Rx3- AS-cll angcphsk@nbved- AS-cl2
cells (see Fig. , 5 Lanes 3 to 6). Therefore, TG~ (31 stimuli kill SNUL6
cells through an apoptotic pathway, and RUNX3 is indi spensable for ' this
process. It is known that TG (31-induced apoptosis is a very inportant
mechani sm f or suppressing the progression of nornal 10 cells toward cancer,

d th f.th ! do I
and that mgsf, pSUb:CU%(aE}%g’%grépljg%f?'%LX o Nk %g?l,GF d}f‘t %t%;) To

suppressor activity ncer

- exam ne the, aftdcanper rRKBE VhENe Of a RUNEGI 262 RAITOR hOGASSH Sa ARGIRY3 VEISNA
performed using nude mce. For the tunmor suppressor activity 15 assay, the
cell lines iy @xprkseddced i nto nude m ce by subcutaneous injection, after

. whi ch the cancerous nmasses forned are periodically nmeasured for their
external sizes. Afiger Sthehowsea acempaciidn odfd camcelreudi mabsdayex¢imed
cancerous masses are excised for, conparison. 20 The tunors fornmed in the
nude mi e drrem &heamhigheacrificdd aphéhai Eendhjdas €f Ehehexper ¥edlis
expressi ng SNUL6Rx3- AS-c11l or the SNUL6- Rx3- AS-cl12 than those in the m ce
injected with thél8onffollSSNULBCRINIG SBEEW O8N §he detaiqtusenet
cancer ous sse r.e ured .on the fingl day. 25.Tho t he .

experi nent gﬁ%‘egr %‘Y\gﬁi‘?’nt gﬁ i CHSNUFEZRYS- A ?E‘iﬁyﬁ%d%ﬁué‘&ﬁ%gA§?5ﬁrﬁe$ad
been i nject vere 1, [ I , i e t trol: group
wer e about Fg%&\qﬁnr?&.s’T%ggc%ggﬁégn’%ﬁe%%érﬁgég%%sggk}; rggmgﬁg' m‘g)llg:le 8 days
after 14 Ma?&%y(iméé%rﬁﬁﬂdl\@% ikl dhechd)] R Prp Atk Gonpar ed to
one anot her. The cancerous nasses fromthe experinental group were

remar kalpl y dngrger than those fromthe control group (see Fig. 5c). The
tunorigenicity of control MKN28 cells and MKN28-Rx3 5 cells in which the
sense RUNX3 RNA iFdgexpbesbedswabe abssukss ayedklaginoghnudeisi ¢ RA-PCR
manner descri bed above for the SNU16 cells. Significantly reduced

t unor i genesRPECARE Sosddiagdi frofe thtad RNPecPEd 1R BRSIMRARSCIRGEefe k!

conpared to that of the m.ce injected with control IKN28 cells (see 10 Fig.
5b). In det&1es (e B8RceF oR81FAsS sgéth P§188ﬁ?r6PS§$%UpP§E¢ep%b‘Beﬁ?rﬁ in

| the final day, . t th f f
{he Mes- R T edtare £ERPPRETRE SBL5 I RAF SN bERARCu R BUBer o8 sl |
250 . Thi . dycti f_58% 5
2 neo0 [0 ade EBRACHRONS:E [BUUSLLAN, ObobuTHe SN0 oPOLTIES g
conpar ed t oo pher APt g {Fi gr) SCror TRRSE SbABHEES BEBPNShEAYSi§ hakTther RUNX3

gene has tunor suppressor activity. 20 In the present invention, the RUNX3
gene was anatgchett§ @btiati aedxpy esse af FE-Ceprinary avecaihybaridérzedewithi nes.

Total RNAs were isolated from 15 gastric cancer cell lines and 17 |ung
gastric canReNXzetONA jasee mndbéised to determ ne whether these cell |ines
produce RUNX3 nRNAs, by use of RT 25 PCR The gastric cancer cell lines
used in this RT-PFdQ- sERWE, tBRUBESShLY 19f ORPRNES1RKRT, RFRRERB,

S, YO, A NBLELLLq Rl RS0, AT TG LU0, e oo
lines by use of pairs of PS-N primers (PS-N), PS-C primers
(PS-C), and human P-actin cDNA primers (P-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 probe in

genomic Southern blot analysis.
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V1' O 112/ 01Li 10~9 PCT/KROL /011121 NCI-H23, NCI-H226, NCl-460, NCl-H322,

Sg- 19, NC -H1915, NC H630, Hs 888Lu, Lu65, and LX-1. These cell lines were
obt ai ned o Korean Research Institute of Bioscience R hnol ogy
(KRI BB) . y%‘%'&%@was conducted using two priner pairs, ng%ﬁgﬂ\@é{af{lﬁgnd PS-C
(Fig. 1a). Anong the gastric cancer cell lines, SNUS, SNUL6, SNU719, MKNL1,
MKN45, RF1, RF48, MKN7, and AZ521 were found to produce RT-PCR products
with expected sizes (1,080 by with the PS-N primer pair and 870 by with the
PS-C 10 pri mer p@&%)., 7 though MINGRIQdEear FERER 1RG0 A S 5Ousd, smal |
gquantities (Fig. 6b). In contrast, no RT-PCR products were obtal ne r12rom

. the SNUL, MNUGE3: nyKNSga 1 MIN74£0 AGBNRANELdaf1GkibnCeld  thaes;i\wien tysi &g
either the PS-N prinmer pair or the PS-C priner pair. 15 In the case of the
| ung cancerR@N3 dxamed, irheradpressiasnrot thec&XINEL jehinewmsoyf ol ¢ be

. suppressed significantly in the HS888Lu cell line and conpletely in

NCl H226, NANMEXOING -wie3d, cand damsStcatdrtsi mds freelhS gisleuyds -Souther n

bl otting analysis was used to verify that the 20 RT-PCR products were

anpl i fi %d fFIHAMre NA ¥Pre héSRUABSD gérem (§Be FRgcesh ceps- 3igps and

Addi ti [ th nl.ifli i f PEBP2(i Fig. 6b PEBP2-~i d

~i - :'B.C![ ?zacljxf@at(egjegwn%%.ér@i%fl ?‘g@g%‘f)i 'n)w}?#%hf‘?%gnﬁ!"gafh???%tme I l%?‘?%nds
b i catina t | T et on :

25 the gast i st et (BBUebl? S @ih Rl dan PR RD s DR ol 1

NCl - H226, NGz 48nNGk15K830, and Lu65 can be attributed to a |ack of

expression of the RUNX3 gene in those cell lines. Likew se, the |ow |evels
of the RT-PCR praedyct 8 EhowsWeBe( k/sul€sl ofl @13cPedphkiRédisl1dd 12%-paort he
MKN7 and Hs888Lu cell lines result fromthe | ow expression |evels of the

RUNX3 gine produwe sceltalinads frdhet abal eRNAes Wit NUEHIGw MEHR 81 hen®RUNKIS7 gene i s
remar kably or conpletely suppressed in about 47% of the 5 gastric cancer
cel |l |ines aHermboiratygntofwitthe 3 arg-@adeexyertidinene@ZAhetlX od), ohe
suppressi on of the RUNX3 ?ene expressi on can be an jnportant diagnostic

S

i ndex in abothCPAYFaGfNgRs{FPR, chritbr SEPPEALAHY dbout SEOLSNaLLAY- cERR er
|1 i bout, . 37% of .t he total nb f i d] |1
T hes we oxBuHh . ROPACTER ardirsi sCOf t HE SRORREE gorét 1 caRer RUAI
ines was PRIGRITEEAALTERd81 hnexB0RopE Lhe RANG: ARl e AP ATIGH LRl
vari ous cancer cell Tines. No point nutation
15 RUNX3 gene to be expressed.

DETAILED DESCRIPTION OF THE INVENTION

In the present invention, the role of RUNX3 in cells is

20 elucidated. For this purpose, a sense RUNX3 cDNA or an

antisense RUNX3 cDNA is introduced into cells to establish

strains over-expressing sense or antisense RUNX3 RNA,
respectively.

Therefore, in one aspect of the present invention, cell

25 lines are provided that harbor 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,

respectively.

10



15 affecting the am no acid sequence was found. These results led to the
conclusion that cancer cell lines in which the expression of the RUNX3 gene
was not dgiaplgHissontain a normal RUNX3 gene, but do not @¥Rh&&%0bi21 TO
determ ne whether the suppression of the RUNX3 gene expression can be 20
attributed to DNA nethylation, the correlation between the expression of
the RUNX3 gene and the hypernethylation of CpGislands at | oci near RUNX3
exon 1 was anal yzed t hrough genom ¢ DNA Southern blotting using restriction

enzynmes sensitivg, 1o DNA | ation, ,GenqQmic i sol ated from 25 cancer
cel ?/ lines were gg%gp‘g{‘aerf ﬁ[\p(éatg&ﬁ‘ewc}ﬁn?gﬁﬁﬁq &ﬁe«?ﬁ??nég"%?%’ﬁ ar'e
unabl e to quggret fylat ed DNA and gnzymes sihat 231, 48bbggt 0 £ade DNA.
irrespective of methylation. I'n one pre erre& eﬁgodinen% of t%b pr esent

invention, pbE]lecab2bbkildkEe RIEHEYRUALEELS 124 BRIz 354his¢ hysanneda di gest
. methyl ated DNA, and BanH , which can digest DNA irrespective of its

met hyl at i orgonserecusedplibri ONRevtasr sqasitiliecalfl WUNKOt eepeds§I®in Snete

digestion in the gastric cancer cell lines whose RUNX3 gene expressi on was
not 5 détectid athdthg RUNXNFe BNl halUEEe, nVKR28L idNFdquaRS; $ER. Kedol | |
cell Iines. The MKN7 cell line in which the expression |evel was very |ow

showed a pdiQi al 1 yhist NG d@sp At @R deading. fyppe TargEng ebAn sthriggest
that the e resg_ion of the RUNX3 gene is closelfl correlated with DNA 10
met hyl at i orF A" S1GEORe S ARONESCR0FOL ThF cEFRRFIAT |$5R8s . CoRP X fh%he

further whether lation c es_.RUNX3 ge sil encing,. the influence
of a DNA metrhyqqe%ﬁég@gﬁg%$ i?%ﬁsﬁ%tdmag h?gt 328 FEREE yTdS i‘?ﬁ}h?%eftor on
t he 15 readctiatian of RU g Sy [ apalyze -

5-aza- 3deo%dct3\%lgi%ngﬁf(lR§A¥g%0§n and%tssfi c d\é\??fi ﬁéA %T AC 1Fjﬁﬁ' Wt e used
as DNA jget hyd age)and hi sbape geagring asempahé id OCE)G reSRadd vehy. tidpon
treatnent with either the DNA nethyltransferase inhibitor or the histone
deacet yl aseviziininlyi bof oexohhel expr e oRUNK3 t ben®RUNX3 gene waslestiged (see
Fig. 8). These results denonstrate that the hypernethylation of CpG i slands
at loci neaemenselSe0.t he. RINXS deee Fsgpespormicdizdyp)f.or t he suppression of

RUNX3 gene expression in about 37% of the cancer cells. This result 25 also
i ndi cates that aferdtr<4dapRoIDNPoffr3EBRDEI REMPRESHRACE | vadinm BRIiae WUNX3

ene can be .de ed fro thyltransferase inhihitors or histone

geacetyl asetq%m%&goﬂgnﬁnngS ti@é?\ﬁ:er(sgﬁeéﬁ%'l. If’é wz?vﬁ‘ﬁl%s&ﬁcillhg
PCT/ k /01112 i . i i t duct
of 1 he BN i Sonse 81 beet i DIESETS LENERLS PPecl Il FuPLisnile L o0ve

tunmor supprgssorn@etdid t¥eidderds eXp1 65T )0{53352} hiey JRYNGS, gE8Ies S SUPPr essed

in a substantial portion of the cancer cells by the hyper-nethylation of
CpG i sl andsredonidgianfearpexsntidl ofretbérpgenaamed a pErtey-ragpect weict he
present invention, 10 expression vectors are provided that are capabl e of
expressi ng AN seBNA, sende pR@Xhcruts.calSepeonposly,i dile KRUNXPr oDNAedad hat
conprise proteins of the genes as pharnmaceutically effective ingredients.
The phar nacE§d&d danpds tarisepset Iprignsgenen 15ntavanpEBnBeainveetesed f or
t he diagnosis, prophylaxis, and treatnent of the diseases attributed to

abnor TG < EHdEnt LpopPRoSiAnt VieCEadr ngeReE thh e BRSaRrAMGS cancer s.

After the plasmid vector pEF-BOS-Rx3 was co-transfected
with another vector bearing a neo resistance selection marker
into 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-B0OS-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

11



As the pharmaceutically effective ingredients, RUNX3 cDNA, RUNX3 RNA, or
proteins produced therefromnay be used. 20 Expression vectors capabl e of
expressi ngd BacRIINX3 gene are preferabl e because they canppiadiigR)RYNX3
proteins continuously if they are injected. Wiere a pharmaceuti cal
conposi tion conprising such an expression vector is injected into a

bi o-tissue via a parenteral route, the bio-tissue can 25 produce RUNX3.
That is, the RUNX3 gene of the present invention or an expression vector

anchoring the RUNX3 gene can be used as a har |caII effecti ve
i ngredi ent téﬁnéfﬁﬁ‘é@rﬁ?‘h%e‘ﬁﬁ% S I&YRFo SVt MR 150Pga§§ij %%]r%tatrﬁ?r -apy. WD

Cf12/ (1 Cci(l CT/IVROl/ 12 mnistration of th RNX3 cDNA
pr es(ent fm%ﬁ%@ r'?tgﬁapor lﬁt‘a %L(N)?S R 67 ptrﬁgshfff\lxg%pr gteelsr?npsreo gh
therefrom nay, magrre?r;{] Akn3s DL £NtErAl dé@&;gﬁea{w G LR e&ﬁéen&%
|nject|0n

. parenteral e expression vector conprising the RUNX3 gene or
the RUNX3 piatietRiphodueedvibherefliamemyf e Rl mesdaiced idktvaiieusporal or
parenteral dosage forms. For the fornulation of the pharmaceutically useful
i ngr edi ent Bidiskuents, aex Riditenthsiolagg/ OKRTBBY iwrder shehdasositiar No.

t hi ckeners, 10 binders, wetting agents, disintegrating agents, surfactants,
etc., may BFETEsOA33BBI ol Faor.mH,alPhs for oral administration may be forned
into pills, tablets owders, granules, capsules, etc. These solid

f or nul ati ons nayTB%nﬁEFéb“%ltth@%\s?XW%x’H&h Wt Lsafifen RINEG A¥h WaEd ci um

b I I dd
cxped ent & SHtabt LeRREs B0 IS ardg Rt Ui Sreartis i 0 B,
Liquid for mabions d o efal Aoty aLLon i e xemlif ey o

suspensi ons, |ons enuls i ONS, ~ syrups, ‘etc. ese UId

formul gpi ong,2055Ys C QQH:‘?@ &gﬁe@ysc@we%@l@t SikihPre€Xxafmpl e.g, wemgﬂlng

agents, sweeteners, odorants, and preservati ves as well "as sinple diluents

such as wat®@ncdd st . paraa(fml ng3etg43 Fxaopl psulfcKf onsell ati ensct Diated
parenteral admnistration include sterile aqueous sol utions, non-agueous

sol utions, BEPRIY gl XThamdlSITarsp teaezeydtémd(Rgentst and Proc.
suppositori es. For the formation of non- aqueous sol utions or suspensions,
veget abl e d¥dtsl .sdsiadas Spol yPr 0Pyl Bne gl yebl), : G012y &8i/RA9l ehB894) yco$ta*%1]rﬁj olive
oil, and an injectable ester such as eth IoI eate may be 20 V190

w2/ O ~I (1c:9trrﬁ@ﬁ/f@re|tﬁnta8/wm pbtringsedn BESHERRR I?ﬁ“”ﬁfpﬁés??@?’?es

| | d
be. uoed? | AHREEa eI (LI aBSOTRIIh Grot 1 e e Nt Vel %ﬁkﬁtsl'e%‘u{my
| ngredi ent a:fl#y e?n!!elr% ol S%ﬁ%&gdﬁﬁﬁgﬁ%f&ﬁ”ﬁad@%@%“ﬁﬁf -A8-d1%  and

t her apeutic ctive ose 0 armaceutically effective

i ngr edi ent syd S Wieldal Nyi4e ERBI&K e a0: welﬁ&tadm/m ofryBedyueiglt &nd
preferably wi'thin the range of 0.02 to 0.2 ng/kg of body weight for RUNX3

CDNA, w t higrtdre uraRge e HBEitaol. NoBY/ kKgTOf 0bBMRP VehghKCRNA0485BP
preferably within the range of 0.01 to 0.1 ng/ kg of body weight for RUNX3
RNA, and wi¢hidart.né,rangé.of 0.04 to 4 ng/kg and preferably within the

range of 0.4 to 1 ng/kg of body weight for RUNX3 protein. 15 |n accordance
with a 3urther adgecdedprmheepreserter nveir i ortanffestanteheMRURK3RgEne and

its rotelns in the devel nment. of tlc ncer ents d the dia n05|s of
cancgrs UPG Rx3-AS- cl?? and SNU ~AS-c actua rELy expressg

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 detected as a single band at a position almost
identical to that of 1B8S 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 SNUle-

12



are provided. As described above, the RUNX3 gene of the present 20

i nvention shows excellent tunor suppressor activity and is indispensable
for TG (RABRENEAENt apoptosis. The expression of RUNX3 i $c5HARIREFRED 1N
about 47s of gastric cancer cell lines and about 30s of |ung cancer cel
lines (in about 370 of the total nunber of gastric and |ung cancer cel
lines). 25 In addition, the suppression of RUNX3 gene expression is
attributed to abnormal DNA nethyl ation of CpG islands |ocated at |oci near

1 of th Furth t t t.with t hyl i.nhi bit
o 8 hi St ofe ARACEL91 aGELEL  VIOUP12FCR(r SOTT6 PCTT ARG (AEHESE | HIbI tor
i nd ' f f f
The presenPRoeREy B ana or STAPAS R RaLIL® (AeTer o RAN B SNYTToR i n

devel opi ng YyOceRh¥rANG1 SANGR] A38QESs bide ahizp djjagnostic nethods for 5
. detecting cancers, in which abnornmal DNA nethyl ation of CpGislands at the

| oci near exon 1ligef ahbehRUN$Spgemne dfs tkaspiredenBaseseanibhp hactianxs
presented in the present invention, pharnaceutical conpositions conprising
mat eri abs cggp&blamdofitrse qudcatuicig twihe chetshplvattuoprosugpnasseot adei seguence
that 10 includes CpG islands near RUNX3 exon 1 can be provided for the
prophyl axi @rgn®revededent of cancers as pharnmaceutical ly effective

i ngredients. A nethod for diaqgosing cancers characterized by detecting the
methyl ation of thR fi& EAGIFE setfteors coift aifHPﬁEal?ﬂ)Gost%‘r‘?dsRLBP%ent

near exon 1 of the RUNX3 n onprises the s of.,isqlating gengnm c DNA
froma tumt-Yisste o ucédgga ect éjllséggti It hgﬁgéﬁ%ﬁ’?c T t h"grélcci'1
restrictio s j t o] ylati og cparat LN h noni ¢
DNA digestsr%E n §%E§gg$§ieﬁ%ﬁﬁﬁbg e bg?bgpﬁ%%égggnﬁﬁ' t?%ngggrgpﬁgqi em ont o
a menbnane;shuly-ret-A50024 hesgeniend, ¢ BNAsdi 0RSIS3 Widdhea kagi-ekabeh edi ONA
probe for the RUNX3 gene: and exposing the nenbrane to a filmto detect the
25 expressigdlenftivheyRUNXRgene. | n accordance with anot her enbodi nent of
the present invention, a nmethod for diagnosing cancers conprises the steps
of: 22 WD 02/ 1T0114r{alyyAeCTth¥/Ritolld 00E£2IRUNX3 in the TGF-B-induced

programmed cell death (apoptosis), the SNU16-Rx3-AS-cll and

SNU16-Rx3-AS-cl2 strains in which RUNX3 expression 1is

15 selectively inactivated were treated with TGF-Bl; normal

SNU16 cells were used as a control. Counts of viable cells

revealed that TGF-Pl induces apoptosis in the control strain,

but not in the mutant strains. In detail, treatment with

TGF-f1 killed all SNUl6 cells within 2 days. However,

20 treatment with TGF-f1 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-Bl-
induced cell death in SNU16 cells.

In the present invention, inventors also determine

25 whether the mechanism of the RUNX3-dependent TGF-fl-induced

cell death in SNUl6 cells treated with TGF-fl is via the

apoptosis pathway or a necrosis pathway. Electrophoresis of

DNA from cells killed through apoptosis yields specific

13



| sol ating genom c DNA from blood or a tunor tissue of a subject; digesting
the genomc DNA wth a restriction enzyne sensitive to DNA nethylation; 5
perform ng, )l ¥gerase chain reaction (PCR) with the gen@gipg ik gest s
serving ggota"é@gi%?gs and with parts of the nucl eotide seqﬁg]rrlce of H%II]EQ. | D.
NO: 3 serving as priners; 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

PCR pr oducta%ﬁ‘%rtg;cggt ahaed: J ot he i egégc?%o%r'é maggﬁ%n{ S 1H‘3£th®éga}il\??| |

ot herw se, ucts are not obtai ned. n accordance w

further as e i QN i O j uer i se in
" cancer di ag%%bl gklugap?g%lféde ,e \/ﬁ%l%lgk%lggn%?&@is g%ga??béphtghg&g%ﬁx%%nﬁm SEQ.

ID. NO: 1 a@n .proicRicRsrpr agduggdptderefbms Gerer abkyrved biwl ags cadA nsLrochi p
. for the diagnosis of 20 diseases, which is based on principles of nolecular
bi ol ogy andhel &ti6RRE3 et ailderanag SNHAS§-RepsAccliemsldt theasBigls 4F, DNAs
or proteins integrated on a small chip. Thanks to the high |evel of

i nt egr abi odanelse dbi bbodi calTheinefochi p TEdPbe sisadlio kiddr cHUler egllisast

hundreds of genes or proteins 25 within a short period of tine. Therefore,
t he bi ol ogitrfgloué’ iﬁncé‘ROBEOE%%dp?%W'f §U§é(§r cR FBFilﬁB@%%Tg%]e% Cor to
di agnose di.seases very rapidly and sinply, conpared to conventi onal

bi oengi neeri Mg ngﬁﬁFéUes. Bi ol ogi cal chips can 23 WO 112/ (1 (~1(1(i 9
PCT/ 1 VRO1 /() 0121 _be cl i.fi LN ohig ti i . d cONA.¢hi ps
according to the%ﬁeﬁiesti@%%{ el’%lﬁi% stTi%rE{t g%r%’?‘%‘%ﬁe?é@%&aﬁ% tﬂ?lﬁe)‘;l can be

fabricat ed ageRt@nRInEEhEREsm f r SXPIREEs1 HENESe t c$83bahed, nditgRses to
be di agnoseld, etc. Mcrochips 5 using partsgof th% UNX3 cDNA nucl eoti de

sequenc® orcants hotiaes agatast FPDttdansmpsodot ethd rizntiore RuXBvedNgn
fragnments can be used for the diagnosis of various cancers, including
gastri c andcHauntGghceatchwal) FaCAtwhdS Aubptéssomnaleristiandi (thaofg tée
present invention nmay be obtained in |ight of the follow ng exanples which
are set forah tCangeitiese, %Ml"a)r'ezerf’@g%%%e 188dst r uekp t IR , thde 15

present invention. EXAt~LE 1. Establ] nt_ of the, SNUL6- Rx3- AS and
Di55: Rxa CATE ST 85 TBLEY uiidaRlihe. funcHIORGPITTES RORRY gelR® | n

ant i sence HOOA BB hond Beta i Ridie ot For sanS BB ooy
expressjson plasa~i dn¥ectors §OREEI NiAY 2886858 ANd 2B | sese RMX3sgenes

subcutaneous injection, after which the cancerous masses

formed are periodically measured for their external sizes.

After the mice are sacrificed on the final day, the cancerous

masses are excised for comparison.

20 The tumors formed in the nude mice grew at a higher

rate in the mice injected with the cells expressing SNUlé6-

Rx3-AS-cll or the SNU16-Rx3-AS-cl2 than those in the mice

injected with the 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 SNU16-Rx3-AS-cll

and SNU16-Rx3-AS-c1l2 had been injected were 1,600 mm’ in

3

volume, while those of the control group were about 800 mm-”.

The cancerous masses were excised from the mice 98 days after

14



The human RUNX3 gene cl oned by the present inventors in 1995 (Bae et al.,
Gene, 159 (2):245-248, 199S; cDNA nucl eoti de sequence GenBank Accessi on No.
Z35278) g% ﬁ,gg,()%o 24 WO 02/0(10C9 PCT/I1VRO1 /110121 goAastkedehizp! asm d
vectors capabl e of expressing RUNX3. The cDNA of the RUNX3 gene has the
nucl eoti de sequence SEQ ID. NO 1 with an open reading frame ranging from
the translation start codon to the translation stop codon, which encodes a
5 pol ypepti de consisting of 415 am no aci ds whose putative am no acid

is.SE ID.. NO 2 (Figs. la,to 1c). A f t i Si G
seivence | Qe Rl SdrBild, o 1ok AP fBHale ©
. | eotid D. " I . , mHI

e eot S0 asuence Sl O M kLR o 200D pelf P Pt
RUNXS gene (HER thBseNorord ds dditeniiedrbilot Neesense difection into a

. pPEF-BOS vector (M zushima et al., Nucleic Acids Res., 18(17):5322, 1990) at
an Xbal site to casstumetiqeriedeydiofasbnplas MKN2Eeiedn,s RAMEHKNDS -Rx3

pEF- BOS- Rx3, whi ch expresses a sense RUNX3 gene. Separately, the RUNX3 cDNA
was insérteclills the ahicksense darset i RANANt BNA pEF-BEBessedorwast ahsXbal
site to construct a reconbi nant vector, named pEF-BOS-Rx3-AS. 20 1-2 Stable
transf ect i GiPSRYEd| dring Vaisieo MisEr- BOSt IRk 3napke B bfe sEetPet &\l £01- 1,

and pcDNA3. 1, which contains a_neo, sel ection rker, were co-transfected
into the M&ES §W£§ncﬁ§the L?Jp%%g‘t%ﬁﬂt&é( (@%%R‘E‘)’mﬂﬁ%t?séé SPRTI i ed

D i 2 TR R P SR 0L VB
1 8.strai / 3
haned MDA R Snd 55t e v T8 o7 £ FEEE D e PRE S e S o S e

the Korgan f5of | eghy on frar JoHea 1QuldHe ecfcdienga iRasear o | ogd | toherst
Bi osci ence and Bi ot echnol ogy (Klf?l BB) under the deposition No. KCTC 0933BP

on Jan. 9, b wEte SoDainns irapableecobnexps essndlg ddve dnt icoanses RUNX3 5
gene were established by co-transfecting the plasm d vector pEF-BOS-Rx3-AS
al ong wit h PgeENA3 oL, bthe cltarmetraiugs masstecifonthar KEMN28-RxG-tLheeSheid 6
strain, a gastric cancer cell line (Kimet al., J. Natl. Cancer Inst.,
8(13) : 938- Frperigwntalhgronrs ahichaseireatfogngsIogdife ahds®R Hordfal 2TEF- ~i
10 signalingsystem (Park et al., Proc. Natl. Acad. Sci. U. LA, 91
(10): 8772 956, T084FEOET IS ¢ HErEEi At 8 wERE Dt Gt SPhe. STHE
manner above r f n Ay essLVv r nijsense
RONKG gbne T8 el roaRys; Bt BaC AL HRde T R R e re

named SNULG: 6 Rh-ASnl Logl SMUG-JAC oSt Ad2(r agd lgposi ted vi th the

Korean Col | ection for Type lture of KRI BB under” the deposition Nos. KCTC

0934BP and KCTC G93%BPresuled. déhordiFhteF@hat OtRAIRBMNE JeNA3sltuasr
transfected alone into SUN16 and MKN28, which were cultured in the presence

of A18. 20sUpEredsmesctobtratped were used as controls, nanmed control SNU16
and control - MKN28. 1-3 Northern bl ot anal ysis
20 In the present invention, the RUNX3 gene 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
SNU1, SNU5, SNU719, NUGC3, MKN1, MKN7, MKN28, MKN45, MKN74,
AGS, KatolIll, RF1l, RF48, and AZ521. The lung cancer cell

lines were NCI-H522, 86-2, A549, LK79, LK87, LCSC#l, LCSC#2,

15



To determ ne whether the transfectants MKN28- Rx3, 25 SNUL16-Rx3-AS-cll, and
SNU16- Rx3- AS-c12, established in Exanple 1-2, express the sense RUNX3 gene

or the anjlpsBRefciRUNX3 gene in large quantities, NorthernpphQidd ag2anal ysis
was conducted. 26 V1'O 02/ (il (11~9 PCT/KR(1111111121 Total cell u?ar RNA

was prepared fromeach cell strain according to a standard nethod (Sanbr ook
et al., Mdlecular Coning, a | aboratory manual, 2"d Ed., 1988, Cold Spring
Har bor Laboratory). Five mcrograns of each RNA preparation 5 was separated
on a 1.20 forml de%de/ agar ose gel by el ectrophoresis and transferred onto

a Hybond- NNGAyHEA - nBRBraaec ( Alel siftly NCind SRENXSIcDRA BEISEY13. D NN, 1
B t [ ., 1 2):245- 248 9 | abel ed wth_J P] dCTP f
' fjsgeag aaptﬁ(%’gpgl?s b%%taﬁ“fl?’lgzja‘h% ’ys?gg{ %gg'll;/vgfi ﬁ’f%ﬁeoﬁg\%\)as l[c"g%éu]d’fee‘be byOr
i bat i - - | d - i ql : . 3
probe st "aHE R ol Y AR JIRTREA0E, BN AR SreBELEl SRR

0. 50 SDS aryio%(gghp{g/lgg ofkeedgon sperm Afterwards, the nylon nenbrane was
washed twice with 2x \éPEIO. 1% SDS solution at 15 roomtenperature for 15

m n ands5tw ce W Rii-BCH xwaSSRI{iut%e8D8s $8d Ut i® praiimedb Gafi ek, 1haréd. pS-he
menbr ane was exposed to Kodak XAR-5 filmfor 16 hours at -70C to yield an
aut or adi ograam® K@ heF gt o adi ograapngbttiienegh ftrdm tdeddN28:1Rx 3L stesi n, 20
a single band was observed at a position close to that of 18S RNA,

veri fying tHh&%x5NE38r oANBF 1P heM A iRT 1y hBF4Br a7 | nerd st
SNU16- Rx3- AS-c11_and, SNU16- Rx3- AS-cl12 cells, which harbor the ant]sense
RUNX3 cDNA "S&S efPHithd TP o REoPECEnRilsEREe AROMES t§ertt Uy sHRSGESCSs $¥2%%ri ous
si zes as det.e d. 25 b ti bands on t.he aut dj ogra ln t

control - SUI\ifGCOfssﬁré) nyl%éﬁg%é%p%%gi ot tﬂ?éreﬁ&g’ggﬁguép%kl% Ué%eg%a% not
det ect b h | ot t | ' Fi 02/ 1 1@
PCT/ KR??l ?bo%%lgﬁ%? LLE&EBQ@%@aﬁ]’(ﬁ?‘%& R al“&lgz?d‘é% ng'jl‘e‘L% t he
RUNX3 Gene gmal‘iqiﬁs%t&@@agewfg! | sleat hr2-dorfealalstdeabhret begt pebad&ds (3 5
SNU16 cells, which normally express the RUNX3 gene, and SNUl6- Rx3- AS-cll
and SNU16- RereASeA reel | Brdrh tihd cdNW@n, auGeE N aNRNXIIDMA i85S, and
over-expressed to selectively inhibit the expression of the normal RUNX3
gene, wer e KatdiMiIdgally 1ineat wbemi t$imGei@dkr( then§bnN primeaf tprimhdch
viable cells were 10 counted over a period of tinme. The results are shown
in Fig. 4a.the& PSeénPramergeaids, the TGF- (31 treatment induced cell death in

SNU16 cells. Al npst all SNU16 cells vveri killed within_2 days after
treatnent with TER- afPCatCaToflentP&t i OHNE5 FANCEgARLL HOWRSRr, tife

G, ASulehgi, S ol o BB S et S
significantly in the HS888Lu cell line and completely in NCI-
H226, NCI-460, NCI-H630, and Lué5 cell lines (see Fig. 6c).

Southern blotting analysis was used to verify that the

20 RT-PCR products were amplified from the c¢cDNA of the RUNX3
gene (see Fig. 6b, PS-3 ST). Additionally, the amplification

of PEBP2B (see Fig. 6b PEBP2B) and P-actin cDNAs (see Fig. 6b,
B-actin) from identical first c¢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 Iu65 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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not killed after treatnent with TG--ail. These results suggest that the
RUNX3 gene is involved in TG~ (31-induced cell death 20 in SNUl16 cells. 2-2

Rol e of g in TG--Q induced cell death. Cells dyi Hqueht he
pr ogr amme I}Pc%‘('(fsﬁ"czjeath pat hway reveal a distinct pattern o?%%(b}gn é when

el ectrophoresed 25 in an agarose gel. After being treated with 1 ng/m

TGF- (31 for 6 hours, the control - SNU16, SNUL6- Rx3- AS-cl11l, and SNUL6

Rx3- AS-c12 strains were lysed to isolate genom c DNAs according to a
standard net hod (Sanmbrook et al., 1988, 28 V1'O (12/(1f( 111C9 PCT/ KRO 1
/(111121 MdPecthar ME&NOnisRe HSBEBBY atSily nkined , T8AHLED. TX& dt%Br iRy Har bor

Laboratory, Cold Spri bar ., NY . 0.2 ~g, of h of_th i c DNA
b oparat oRECREES DBl T BbrSs SRV S dds 68 GBF L ahtr ¥ sual | 20d wi Lh

et hi di um brom deTHgdegbgvéJV %égﬁtts Thsq](; su+,\ta% arg Ji \/ﬁmt)@(r:l ?&%& gPﬁ.SCAs

. seen in this figure, apparent programed ce deat hspeci T DNA

bands wer e faeRdniyomt heomPtllfe Gel Istiphreased Wit had&ie (3hs(fbg 4he | anes
1 and 2). No apoptotic bands were observed in the DNA from SNU16- Rx3- AS-cl1

and 10 SNULGsRx3cASaat2rcekls, 1hath ahdwhbehtorer- expriess Ihigy atdricsanse
RNX3 gene, and therefore have a selective reduction in RUNX3 expression
(fig 4b, | @edd 3Jiness). Weerehetaidethé r enpphessigresaf t $hehRUNENUIB:reel | s
are killed by TG (il stimuli through an apoptotic pathway and 15 that
RUNX3 is r &fre681ipdr Cahelpr 8k e RO ORI agnostbpr £8deY el I-2RWh t4/ %of
RUNX3 Agai nst Tunorigenicity 2Q_ 1t is known that TGE- (31-i nduced opt osi s
is a very iorf"i) tlcn&?r%?ir)s/rﬁea&rs nﬁlpraé’?é)itng%[%hé’fpr]dg%s%‘—i“?ﬁ?rofc I
cel|'s toward capger aad that,most. of Lgdaciors tn,Lhe, JOF(I4 patlway have
t unor suppreéssor activity. e gene was dasSayed for tTUnmor SUppressor
activity usidlg Rydesm,Ceaxmifdfhh the expectation that an anticancer effect
woul d be seen. To this end, the SNU16-Rx3-AS-cll and SNU16- Rx3- AS-c12
strains, in which RUNX3 gene expression is selectively inhibited and the
control -SUNL6 strain were suspended in 29 WO | 12/ CC~1 |1 (~9

PCT/ 1 VRO1J011121MQat85pommhasphgs es buiff etiesl KENKRe (dPBS) iat candemsidel lof

3x10"' cells/m, and 0.3 m of each suspensi on was subcutaneously injected

i nt o groups-igfesnudes nigsrfoSmedr atsing Bhé MAIES Rr8 stheai RUNKIt adnsws
over-expressi on of the sense RUNX3 RNA and 5 the control -MKN28 strain were
suspended iFRGIE56IPBSOR: VALdEHS| FFNEET 5RIDL LERES/ O BAHND. BUBRLIAN each

SuSPenSLon MBS SUBRULANCOU Y LI SCLER,LOLD GLl ouPorel. puge i ce. Each

. The tunnriqggjc{éytgé %%Ng§ﬁ§%§naggat 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 suppression 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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10 control MKN-28 strains was observed for 37 days after the injection. The
tunorigenicity of SNUL6-Rx3- AS-cll, SNU16Rx3-AS-cl2, and control - SNUL6
cells mas“ﬂﬂ?h%gﬁgd for 98 days. During these tine periodscrhififpafa¢er ous
masses that tornmed were periodically nmeasured for their external sizes.

the 15 final days, the mce were sacrificed to excise the cancerous nmasses
for conparison. It was observed that tunors devel oped at higher rates in
the mce into which the SNUL6- Rx3- AS-c11 or the SNU16- Rx3AS-cl12 cells were
injected than. the mce into which the nt r.ol . SNU wer g i nj ect ed,
as shown i w"Elg. "gﬁm%l B Icl,ll%easr}-‘cer?egtg?ﬁ(r%mttsege? N?‘dr #glélc ieénalnﬁﬂé c"gl}ljtérﬂol

- PNULG cel Tid, aelpd Orup YL ERASEed d 0408 ROChyIR iidh, VAT @ed e
final day. 1Tn comtrast, cancerous nasses o# the groups Iinto whic

SNUL6- Rx3- AL blinafd s SAEE: FX311AT phdtvef&di i @ctBh12aiyeEeioRasurad at
1,600 mB in volume, twce as |large as those of the control group.

Ni nety- ei ghijastays ahheertbell niiarid ahosthRUKENGRIEUSxpASSeSOonewas exti sed
fromthe mce and conpared to one another. The cancerous masses fromthe
exper i mént alet3@tedWO the2/ |ilsh1 1HE-1SWAT/ RRICT,( DENZB g8y e rAGS.enairkabl y

| arger than those fromthe control group, as seen in Fig. 5c. MKN28-Rx3
celI's, in WteHIThecsbhsel RNK3 geﬁgei§£€%bré§ééd,lﬂﬁﬂ dont FBECRKNE® cel | s

were al so assayed for 5 tunor suppressor activity usin ude mce in the
sane nmannerS*RESRSEL s 4G VESr “affe VERYL6 ¥e Weﬁléegaﬁfég%gﬁ WFEhy Rx3
cells exhihited significant] uced ri IS d t i ce
i njected vuﬁﬁ#%ﬁ%Q ggﬁ??oﬁﬂﬁkngggélIs?kgggsﬁgﬁﬁﬁ%ﬁ F%%gg%%s thgePg& , the

cancer ous MA3SESAbat it WS QURA hQURSNRIBSETOSLERHe B A90LLRIE ik VoI urte
al’ “day.

on the fin I'n contrast, the ‘cancerous masSes of the

MN28- Rg3i mhedatyath texpe kit NBBE Al ngH O HUNWE! exbeundirt cdieeas cell 1imss 250 8B,
denonstrating that the tunor growth was reduced by 580. Thirty days after
the injection, the cancerous nmasses were 15 excised fromthe m ce and
conpared to one another. The cancerous' nasses excised fromthe
MKN28- Rx3-i nj ect 8¢ expeineeheathenr olygthere DNAcreseoFtdan wagagar| BINXhan

t hose excised fromthe control group (Fig. 5c). Taken together, these
resul ts den®? r &iéepRaRrdt héheo F&ﬁi&?@%%eoﬁa§3tﬁﬂﬁrI@ﬂﬁb@é§§ﬁﬁfﬁé?$%ity.

EXAl ~I ~E 4:, Anal ysi f th ' tt f th UNX3 _ Ge ip Ca

Cells 25 4 ¥VRBIGE oo ThE Gl oSGH5 FAPOBr n D LThETRNS gElS vas.
I [ j s : | 2 . Lsel at ed

' om 16 gastre CHAS B8 PO el P G ot & P P O O {1+ ol

PCT | KRI| éeéidllj(&%id%ecedplzpl,i gD ) usedl i deiarariine pwhetdrer 1 hgee cel |

| i nes produce The gastric cancer cells used in this analysis
were SNUL, @S, ussMUAED DNNUREBHy MY, arldKNE s tbKBI28e a d4VAE s VKINR4 b1 AGEs ,

Katolll, RF1l, RF48, and Az521. The |ung
respectively. Upon  treatment with either the DNA
methyltransferase inhibitor or the Thistone 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 that agents capable of promoting the
reactivation of the RUNX3 gene can be developed from DNA

methyltransferase inhibitors or histone deacetylase

inhibitors and used as anticancer agents.
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5 cancer cell lines were NCl-H522, 86-2, A549, LK79, LK87, LCSC#1l, LCSCH2,
NCl - H23, NClI - H226, NCI - 460, NCI-H322, Sg-19, NCl-H1915, NCI-H630, Hs 888L

u, Lu65, ?@q,z;ﬂ},(m}‘-(, All were obtained fromthe Korean Col | ¢gtrhanifoff1Type
0

Cul ture Korea Research Institute of Bioscience and Bi ot echnol ogy
(KRIBB). 10 Total RNA was isolated fromeach cancer cell line, according to
a standardi zed singl e-step guani di um net hod (Sanbrook et al., Ml ecul ar

Cloning: a |laboratory manual, 2na Ed., 1988, Cold Spring Harbor
Laboratory). Using a Superscript kit (G bco BRL) according to the
manuf acturer's 15 protocol, reverse transcription was perfornmed to prepare

. CDNA fromthe isglatedidpt alo RMeW £ Q903 AfsnS85Y NGrasepb8Er S hBased
on the cDNA, the RUNX3 gene was anplified by RT-PCR to determne the

producti on (HodRXS, RN RONXBNigeBT- RCRi nb ¥yl s alGrRRR-gsp&Risnt PS-N

. and PS-C, were synthesized, which 20 were conposed of a set of the sense
primer PS-NBEQsikD. aNd 44hand t hement | sengergssiomer d@SAMBtSEQ | [ThédNO: 5
and a set of the sense prinmer PS-CA SEQ ID. NO: 6 and the antisense primer
PS- CB SBEQ eaxpreameion. ofhéhgu&iUl¥Bi densed@efvppre$setete awsupatrartisil PCR
primers were designed on the basis_of 25 the cDNA nucl eoti de sequence of
the RUNX3 d¥Hé18BQCE dhenganretricglisaby EBF LoRparmebhylaeEmmo9Y B cDNA
and ~i-acti,n.c re used as controls jn the RT-PCR To anplify the
controls, alsgf%v%%( ﬁﬁibh‘lﬁa'qx%}/ ﬁ%l hﬁ ot 2T primer pair for

PEBP2( 3/ CBFB, consisting of the sense prinmer h-~i5 SEQ ID. NO 8 and the
antisense prinmer h-~i3 SEQ ID. NO:9, and a priner pair for (3-actin,
consisting of thepsense AR h-aglddt 5 EQ thd. PPesdfr andn{Ber asHt | sense
primer h 5 actin 3 SEQ ID. NGO 11, were synthesized. Nucl eotide sequences
of thes® prdipeszaiohs weickodesi gied q@rovieebasithadl hpemn CIEBRAE cdNA and
~i-actin cDNA nucl eoti de sequences. In a thermal cycler, such as ~~Model
9600" manufextnessdny FRBXG neBlAver a@et pharfdcRCR amls strpdwid iwinsh ard5C
prel0 denaturation of 50 ~1 of each PCR solution for 2 min and carried out
with 30 cydeyiskeddenshati ngcatPO5€ f oPrebetes, difnealthgy ageBOE fo@S1 min,
and ext endi at 72C.for. 1 mnp. After congl etion of the RT-PCR, 5 ~1 of the
RT- PCR pro r@ﬁ&é%%eh%p%g%éa’eoﬁnarﬁ.!z%n%ar ose gel and dyed with 15

et hi di um brom de r observation der_UV li.ght. Anong t gastric cancer
cell Iines, SNUS,TR NUZ a%ﬁ%‘? ic Nl,ccﬁ%%%?“ﬁﬁi #“918, N7 PERTCAZ521
vere found {0, HQduce-RT-FERREAdUc),s wid hat hgnsenect o shZesid,» 0804 by

with the PSl-N prinmer palr ané1 870 by V\Aﬁl}%%'l theg%S-C'prllsn%[? 0 plgsg'r).

However, Mi¥edfimpecedr RleiRORAkRdYEES dit M@tediMBld IdY A eSTcRSgShown
in Fig. 6b. No RT-PCR products were obtained fromthe SNU1, NUGC3, MKN28,

MKN74, AGS,depehdeattobbbptesis] inesludiey gsstgieidrwerlungecBSedkpri ner pair

or the PS-C primer pair. 25 Among the 17 Iung cancer cell lines, expression
of the RUNX3 genédswashsuppaesseelbiqalilyi cahfegtive t hegHs8881ts,ceRUNXBne and
conpletely in the NCl-H226, NCl-460, NCl-H630, and Lu65 cell lines, as

shown in FiiPNQkLqu¥3 RNA, or proteins produced therefrom may be used.
20 Expression vectors capable of expressing the RUNX3 gene are
preferable because 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 wvia a parenteral route, the bio-tissue can

25 produce ROUNX3. That 1is, the RUNX3 gene of the present
invention or an expression 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 I12/11li 1 O~ PCT/KR01/011121 4-2 DNA Sout hern bl ot anal ysis Sout hern
blotting anal ysis was conducted to verify the anplification of the RT-PCR
product s foamokiige CONA of the 5 RUNX3 gene. The RT-PCR pr egyais 0gi2¢ run on
a 1.5% agarose gel under an electric field and the separated DNA fragnents
were transferred onto a Hybond- N+ nyl on nenbrane. Using the 2,244 by BanH
fragnment of the RUNX3 cDNA as a probe, hybridization was conducted in the
same nmanner as in 10 the Northern blotting anal ysis of Exanple 1-3,

foll db di hy. -5 fil h I [ in Fig.
63. zsmeapp)altr gﬁ% Oé%ﬁ?%tgpaa%tog{]a@?gr% @Qxa?ﬁéﬁigrégug{ge %ﬁgﬁéﬁgﬁ i :‘ ?ed
f the R -3.S b ificat] EBP2~3
and (3 act i SBRA T Foal T hent AT FT vt Qe Fud RabtbEEpERyReed

i ndi cating dhatrbg | aek Qhkamphifigati opyofy RUNXS,cONAS iguthe gastyic
. cancer cell lines SNUL,~ NUGC3, MKN28, MKNr4, AGS, Katolll, NC -H226, and

| ung cancerpregelreht8esor N6d r b r aiClinke30ioand Lu65 can be 20 attributed to
a lack of expression of the RUNX3 gene in those cell lines. Likew se, the

| ow | evél s of thB8h&TeRCRepsouluctesctior tdomplvKBYnanthéisBBSKY goid o1 nedse resul t
fromthe | ow expression levels of the RUNX3 gene in those cell lines. From
t he above Bt spretein apnduesd t BaereheorRUNKS 288 gadiiing stenadkabty or
conpl etely suppressed._in about 47%of the gastric cancer cell |Iines and

about 30% OIS GRGL cERCRRT TG AY HeS39BetatIEE TEOI-PndBERYL abbIR osi s
does ot o5 ghd I MAGEILSLLY oL gaoer SIS A I NCLERSE D S,
Fup ees! RIS, OST RN E3E PR o TRET R CLAgRRghesl O
about 340 ofiddee st otRlkreagcahertl! Saexami@dtring agents, surfactants,
etc., may be used. Solid formulations for oral
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
talc 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

cils such as polypropylene glycol, polyethylene glycol, and

olive o0il, and an injectable ester such as ethyloleate may be

20




5 EXAl ~LE 5: Analysis of DNA Methylation Around Exon 1 of the RUNX3 Gene In
Cancer Cell Lines 5-1 Analysis of DNA nethylation by Southern blotting

anal ysi s Wo @focagnom ¢ DNA To determ ne whether the supprg@&hg@nmﬁnRUNXS
gene expression was caused by DNA nethylation, correlation between the
expression of the RUNX3 gene and the hypernethylation of CpGislands at

| oci near RUNX3 exon 1 was anal yzed t hrough 15 genom ¢ DNA Sout hern
blotting using restriction enzynmes sensitive to DNA nethyl ation. Genom c
DNAs were i sol ted from cancer cell lines accordlng}to a standardi zed

SDS/ pr ot eas¥ A PISi? o?(u%qosditorlfgi?»g)”lt?ﬂ@ 5ol AE B Yenohf e TDNAS
. Wwere treat mnth a 20 e triction enzy s .unabl e to cut | at ed
DNA (Smal ), dncf:ascé—’lﬁarzoa el >S/l,aumpﬁebn8n ”?YEQ]% ?fa Koo [9\?6\ Lllsferdg‘sepg%ti ve

of met hyl atdQp ( We)lgnd thr &fgn ﬂno%nztya%eg%%ékéu%égl@éﬁgééﬂwmesed

- on a 1.5% agar ose gel en erred ont bond- N+ rane

genonmi ¢ DNAr?g&é&h@ﬂa/cl\/hutofé@mBentll@@gaﬁ\w@@s@@ﬂo&h@nﬁkgy%at@@ea?UNX?: gene
was used as a DNA probe (Fig. 7a), and hybridization was carried out in the
sanme maBner as i Mhehe Ndrdrapenthbeliyng afflegsiseof Ekaypl e 2£3, fohd owed
by autoradi ography on XAR-5 35 WO U2/ud U9 PCT/IVRU/ITTL I 21 fil ns.
The genoni eENAaggstiisal ay el faasmveuFnargdhentes DNiAwiitlhlriar tbe wandetd® RUNX3
cDNA of . SEQ erving as a probe. The Snal estion was observed

ID. NO:_ 1
to be gr ea%yp%dt&beél ﬁaéﬁgm O Radyy WWQ%S%“C@a@E‘?f%r cefitdEn thees
wh RUNX3 t  det t t hat NU NUGC3
NKNDS, MKNTATSRG pﬁﬁéia?&ﬁa o B KB e Sy SRR %ﬂ@ﬁs} BN Mo

partial ly e B oL 0oy ‘EW% Rlog R STk “?rﬁat t he
expr essjoon ﬁeﬁé}%bﬁw@t@ﬁw irfe CLoged yogory, @Ilat&d w 1hmb|7‘§g| %\ﬁe'
met hyl ati on at | oci "near RUNX3 exon in cancer cell linés. "Since LjNX3

gene- speci fiei drandsrarRoNBt RIGA edrid wdlchiaf thlergeld df ne94despitig/kg
differences in nethylation, it can be concluded that 15 sone cancer cell

i nes in whrch phefersgirlgssiidthiof thee RS gEné. 4 stnofl det/ect exf uboey
normal conditions have the nornmal RUNX3 gene, but do not express it due to
abnor mal metshiyIhdt ifew. RENE3 Reerfidivati on of the RUNX3 gene 20 To determine
whet her the DNA net hyl ati on observed in Exanple 5-1 is the direct cause of
the inactivation of the RUNX3 gene, the influence of a DNA

thylt f hi bi t d hi st tyl h th
et vEr on or ERe Tt s Re W oas B B S aaS (o R e Sbreteat
MKN28, and NKNZ4 ;e | dge@es ﬁRTa}b Cheflx agggg‘ AN qrest;@ g;eéms' | fjes, showi ng

no RUNX3 gene expression by ana were tre
5- aza- 3- deoyerstdptien® 6AZAnt B&thdtd .agehicshahahtibd tsi IINDsTRE Byl ELARsE T ase,

and 36
are provided.
As described above, the RUNX3 gene of the present
20 invention shows excellent tumor suppressor activity and is
indispensable for TGF-B-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 abnormal 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

21



WO 02/ 0C1(1C9 PCT/IVRO1 /A1l 121 trichostatin A (TSA, 1 nM, which

i nhi bits histone deacetyl ase, alone or in conbination. After 3 days of the
treat nentywd @hdlochNA was isolated fromeach cell line in ape¢ai@dnee W th

t he sane standardi zed singl e-step guanidium5 nethod used in Exanple 4-1,
and then anal yzed for the expression of the RUNX3 gene by RT-PCR using the
PS-N prinmer pair of SEQ ID. NOS: 4 and 5. Upon treatnent with the DNA

nmet hyl transferase inhibitor or the histone deacetylase inhibitor, the

expr essi on i?lfhigggog'o &W%n%@g Ei%e Obﬁl?r\é%gioﬁs S en Hen EUQXB&g? Se

results reveal at hyper -nethyl ati on suppresses the expression of the

. RUNX3 gene 1ina ralgut, 37%0f RURKR30a§ERd C ANd thinGo ! gakbat O¥h NG the
hyper - met hyl ati on of CpG islands at |oci near the exon 1 of the RUNX3 gene.

15 The expias%ednspbasdiced apaidled rofn expriessitigl itdeel sansevelDXongeans;
constructed in Exanple 1-1, was assayed for acute toxicity as foll ows.
EXAl ~LE 6: ohdyt eaffok¢ander Tegentpon Rar ertleral dranadtsita atmebho@d dfor
pPEF-BOS-Rx3 to Rat An acute toxicity test was conducted using rats of a
speci fi & palategsangr eansersi néagehath 6ahpeksa bf DNy eneYEABSS R P fripar ed
as described . in Exanple 1-1), was suspended_25 in_1 of a.physi ol ogij cal
sal i ne sol GtS1GR9ENAT abiif nt e mEd .t Sxpﬁegaﬂﬁe‘ff?%;h{[‘{xg aFrs 6? %SL?%?%S at a
dose of 1 ny/kg i ptranuscular, injectiqon., Aft t Lpiect] e rats
wer e observed fo?gﬁégt%?ngwén#%%.Stéé%%%& %gn kbgéﬁ &gﬁéﬁégc%gﬁg%%%' 7 WO

112/ 11 (i 1( 169, RCTLAV RO 1184330 20k 22" biigh fln ANk S6viGNOEMAY gnal yses

wer e condu Ition, e rats were sacrificed in order to observe
the abdom nalquaRdihforadd cmetEaNstidm BE themuanieBildvergRack i tadd v
noteworthy clinical traits found. No animals 5 died fromthe adm nistration
of the IWWestindAielesalCpGandlrndsharges RIRIXE @xser Meddm Hdepbodidesti fihit . The
serol ogi cal assay, serobiochem cal assay, and autopsy test were all nor mal
Accor di ngl yshepER-oBOSLRx3swasdi Heep iménd @ carfagrswash pharmpsenbicatly east 1

ng/ kg upon parenteral injection. 10 | NDUSTRI AL APPLI CABI LI TY
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:
isolating 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 accordance with another embodiment of the present
invention, a method for diagnosing cancers comprises the

steps of:
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As described previously herein, the RUNX3 gene of the present invention
shows excellent tunor suppressor activity 15 and is indispensably involved
in TG ( Spdapandrnt programmed cel | death (apoptosis). Adgicth)ahdhhdg the
suppressi on of RUNX3 gene expression is attributed to abnormal DNA

met hyl ati on of CpG islands |ocated near exon 1 of the RUNX3 gene.
Accordingly, the RUNX3 gene and its products (RNA and 20 proteins) can be
utilized for the devel opnment of gene therapy for cancers. Measurenent of

t he abnormal DNA l.at i B -t VELANi n gene is
useful for di agn%gs]ﬁgwolf@éé}%@gbg? PﬁAafd%%r?i%Dr?&{:ﬁ%gcgﬁgﬁa%%%u%a

. regul ati ng shBgeabpormal DNA net hyl ation and its consequences 25 (for
exanpl es DNA net hyl transferase i nhibitors and HDAC i nhi bitors) can be used
as anticancer agehsstierpusie ofgehbeiic abid i vyt oaproymird dthenexqiAss on of
the RUNX3 gene. 38 WO (12/1161(169 PCT/KRO /t 111121 DuDwm ~~T Tr~LAtY
err: TH6 tseTGauATEoNAI DNB8EDBYIZToMa~ rH8 (at PO6rT O ' A9CROOP. GAN1SMb
FOR T7t S PUM OSa OF PAT8N7 PROLBD(! RE LNTERNATI ONAI. FORM RECEI PT I N TgE
CASE OF° AN ORI G RALIPFHOS T2 1Pebgipqassurdivdm tenrdiica APER) @ith |the | v: .
~r.rl; ... .. : >cUartma~nt ul' [ 3iachec;ni:,t.rv, C.ulic:~;

| ~.rl 1 , c ol
licdicirtcS Pﬁ‘ﬁlﬁaﬂ?&f% HECEHT: SRV INInAs: 44 tes_ast yithc Befiten@Qiem-:, 1
| uun~; cl ak _ki_; » DC. an~; ~i_(.bugzal (] 2 e ?)_ Liv. yuirlic nl
oe o e npf5 UL A dhaengel pRONGR | HE ke i T chnutTimE on
refereince |ivensby, {6 ig-9%han BERDEIJdveld by,t he, Bﬁbgggéé%el by
| NTERNATI ONAL DEPGSTTARY "AUTHORI TY: MKNZA- It x$ KCTC O~i"33. .
- _---__-. electrophoresis to detectl khe SpH £icHtHle FDaLEWR §ddfdnce
_AyDItJ PROBED T~XO. NOM C DESI GNATION "!:" he m croorgani smidenti~ic-d
unrcr lO0ahaf~énwerssaacconpanied by: _ [ x ) a scientific description ) a
La' oposod taeononmic designation (Mark -ith a cross ahere applicable)
~ .~ ~ . _. yThe |diagriostlcCFmEtFoANITsIAQCERPTANCIE based on. thd This

I nternati Ghal, Depositary Authority accepts the mcnoreardsmidentified
under | ab&FéncwRie; thalasPredeiofudtByare ebradifarhaddy the PB1region of

~ e e e ly, f?2FCEIPT O 1iEC-~I.JF. ST Ff)li C O S VEF7SI QO ~i _
Tho rnicr od?PEAESEr i S G 8hS0hdet N 6Fe ath]” RECEUTES bFEE hitet

i ntcrnardongl.iagpositary . Au~hvrity an and a request to convert the
original deposit to a deposit under the 9udti pest Treaty was recuved by it

on 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 for 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 biocengineering techniques. Biological chips can
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V 1: NTEl ~AT~Q ' ~~. PQS~1"' AFt Y AUTKI OR~t TY 1 yam . Korean Coilcction for
"hype Cultures Si~nature(s) of persons) having the power ~, mrepresent the
I nternati Rppsitary AucharityY of authorised of >xci al S:
Kor ea Res‘gg)?%ﬁ%ﬁgti tuu~ of 8i oscience and | 3iot:echnol oaé;é?-%@@%ﬁf ~,
o~n-aan~) Yuson~-ku, Taejon ~~ 333, BAS, Ityung Sook, Director Republic o-~f
Korea ~ Date: January 26r. 2001 39 WO (12/111111h9 PCT/kRf)1/011121
p~~nnr~r.~s Ta~ctt ou Tae ~Terws~tora,~l. ~ooer!rnoN of .rrra ~srr ' ":r OP
At 1 Crt OCK~G ANJSMS r~oa TfIB t'I,!fi P05~ oY ?A't' 8HT Rt pC~UR ,
t ~~r ERNATI &u?lmmlm’:‘? | R g 18 ARPURE GATAL PRSI SP4PS ssued
_ pursuant t Ll nid L s A ~Us carirtnmt w
fii whoni st %r‘%)%g“z% s ih;dee grgiidimgtqrible %{agﬁ#%ﬁe. | SRRSOy r i

| i ve~T Si oS by G M) (GEOAY ackbbds A €5 Nisk; UeoC DEMAUIL . Tadiies (;
hurybti k ey, 76 Irtrupuf):l F e poRREAg §o Mg 1 Ton &R G e
1~11CRO RCyANIgeM gkes fordd,i cBidedizelsCe) e ed thgrisdd, tdas~n mberdZiien by
theDEF OSI' 1' O R ~1TBRNATI ONA1 DEPOS1TARYAt Tf HORFTY: SNUI ti - Rx3- A5-el | gC~
O~~~BP BTl usiBgl EpNftaC afESchée | pAUNE3 ADBNAOR PROROBER: ~' se¢dhet{dNOMdE DESI GN
O 'j Th:: mcrocrpanismidentified urrder | above was acconpanied by:( x 1
z scientifiaatdbodiept iagginkta proposs pagdnosdc fdesi ghlae | GVNYE: keI a
cross wncxe 3ppJtrable)’ N RECEIPT hNp ACCEPTAt~CE.'this Irternatianat
Tkpt ?si t ar f FROPEREF| £§NabEe et KOTnitEs! GaPIBAFEP PHeHBFEPEY THIIFSES .

above. which ~t~as rec.cjved by it on ,/snu8ty 09 20QL... .~ .., ~ ~
ooV I € S QLR eh! SR RS BORCTEOY SVE | LSION =i 1 Te
;ricroorgani smidcntafied under 1 above was received by this Internntionai
DepositoryAuthority on and a request to convert the original deposit to a
depo3i .1g' under tl~e Budapest Treaty NOSxhMprkéed by it onV IV rER ' ~

i~ .~Q~ D~~.T R--T ORTT 'iyans, tcorgam Cottection for Type

Cul turesS~t~~~(sl ~ t~on(s) having the power ito repstesent the

i ntemati onal DcpositruyAudsority of t~. uthorited offtrdal (s): Address:
Korea Research | Astietutr. voflersthdimenft dnd Bretachnohwey(iehl tdaBH)sO527.
Qun--dong, Yusong-ku, 1."'ascjon 305-333, BAE, |~yune Sook, DirectorRepublic
of Kor eaDat@tajasdarin 26igR2000f40che W DPowWirey 1e14m9p P/ Wkt 16001 23t
aVDAI i BST T' REATY ON_TH8 RTQ-I ATi UNAL t 1 EOPG Tt mM ?Hg-t ~PO61T ~ . OP
~t r CRDO t GANESB CPORI FHBE Y2 1 13¢5y BrEPRPATRN IS UeNT ERNRITiE NAEheFORM

RECETP‘IiSI N THE CASE OF @N ORI G NAL DEPCSI T
present 1nvention.

EXAMPIE 1: Establishment of the SNUl6-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 Construction of expression plasmid vectors containing

25 sense and antisense RUNX3 genes

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

nucleotide sequence GenBank Accession No. Z35278) was used to
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i ssued pursuant to Rule 7.1 .1.. : 1;:11"., sr.rk-C.".Im |..hy,rrtnont of
| 3i 00" ht: ~rnisLrv, Cllc~go of 1-te~.lic:inr~ GC hurm~r.tk Naricma

C nivc: V&Wb(MM6uW¢r' (.rcshin-dc:utg. | lctirtt;cluk-ku. echagohifiy-5i,
C. hunghr.rk '; (il .7h:~ liupulolir c7f Korc~<i | |DE "TIFI CAT10N OF THE

MLCROORGANI SA4 ~a~on n~ wen by thelderttificatian reference given by
t hel NTERNATI ONAL, DEPOS1TARY , DEPCSI TOR AUTHORI TY: i 51 YU f - Rx3- AS-c12
KCTC 09: 95$P~" t7. SCl ENTI FI C DESCW TiC) A. V~R PROPCSED TAXONOM C DESIGN

TI ON The m croogrgani smidentified under above vas nccanpanied by: i ] a
screnti i ¢ GESEFIGE BPSTLa. BropoLbc tiahiom e ShGeFRIrCo RNk 1 a

. Cross ~hcr%@@pl 'fc"{t%' e)FJE}NXQEt%IéhIthESA@QeA%fg@ElgEI ?eéadgu ) Isaﬂtqer %I onal

Depository horlty accept m Croorganism i den irde

above, whi c t~va r=iv ECEI PT
P RF~UESTQ]|C)F~OII? Rith ah &gerpyré O%ng%%%%%o%é%% r gﬁnﬁ% %1\4‘“ A

above was reeeivesbdy Y StHéWt‘@fé}@éla(tfl@h [28RpS i doiarAUtAIcH Yerdidgald aa
re>auest to convert the original deposit to a depositunder the Budapest

Treaty a-~ aSpOI‘l@’ﬁepVedeb)CCmSO.rsVlngl \Ofl' BLS5N dmine~16P0&s TARYGsAUTHGRI thXidame.
Korean Coileclion for Type Cuil ureGSi gnaturels) of persons) having the
powert o re@mésentacife sleamenpat t6n&FEQbepbsi NOr yAut(fdeit y 1of tautlizori z&d
of ficiai(s):;Address: Korea Research Instltute of i Biosciencc and

Bi at Emno)@@g?» J(GRFBIE) COMPr i S{RY S5DG DAL ok ) PXRRIHg- K, LR YISt

Di t 3 blic afi ,Korea anyar y 2fr 01 41
WO 112/ |r| (i° % TP |%h&L?\P§E%U?§I“ deas D?L H%ﬁlgﬁq NG RUNX3
gene mnthhdﬁpo&osugprgﬁéé}@é?néﬁg t% conposed of a cDNA nucl eoti de sequence

SEQ ID pr ot el encoded by an open readi ng frane

bet weenot he trangl at by 'b?al e IO MDNEO OOk s herily.ansd) até&%rtl%&mgn%ﬂ on
codon of the RUNX3 gene of claim1, conprising an am no acid sequence SEQ
ID. NO: 2. dddling 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

16 pEF-BOS-Rx3, which expresses a sense RUNX3 gene.
Separately, the RUNX3 CcDNA 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 pcDNA3.1, 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. MKN28 does not endogenously express RUNX3.
Stable transfectants that harbored pEF-BOS-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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3. An expression plasm d, which has the RUNX3 gene of claim1l inserted in
the sense direction thereto and allows a sense RUNX3 gene to be expressed.
15 4. An woRkRsRLEN pl asm d, which has the RUNX3 gene of glg@jdRiboéRperted
in the antisense direction thereto and allows an anti sense RUNX3 gene to be
expressed. 5. A cell strain, which harbors the expression plasmd 20 of
claim3 therein and shows the over-expression of the RUNX3 gene of claim 1.
6. Acell strain as set forth in claim5, wherein the cell strain is

MKND8- RX3 (eBsELion, N KCTCRAZIER) cuhinchcis, 23 established by, oo
he ] ko8 S

transfecting t expression plasmd of claim3 into t raim. 7. A

- cell strai mothat Rasdors t hesexpressicn ¥estolele 42nd VLMo 1LE 9
PCT/ kRO1 /110121 claim4 and selectively inhibits the expression of "t he

RUNX3 gene.(kBIBBheusedt e aldpoastieh Mo tRTTON 00B3BM dn Wer &,n 2ope .5 cel |
. strain which selectively inhibits the expression of the RUNX3 gene, is
SNUL5- Rx3- AS- c 11T ®epbsaindncieabCTCE 0884BH)s iest atild sdred dunster RUMNXSCt | ng
the expression plasmd of claim4 into the SNUL6 strain. 10 9. The cel
strain as $eref gierr iaftebaiahed Wiecerhrahefeelinastts rolisrld sedactn vel y
inhibits the _expression of the RUNX3 gene, is SNU16-Rx3-AS-cl2 (Deposition
NO KCTC 0§§§ngségfgb$$shéaoﬁ9 tWéﬁEfe@FPH@3tﬁe eXprelsi GIPNRABR d Sof

cl a! ma4 i nts%lggffial}lu%%r%err?i nl'nt]c'JS tjhoé é\]lﬁ’f@r g@gg}_]}l) C%' gcaos r?.%:i tci:aonrg:eexl:s an
antl cancer agent,
cell line (Kim et al., J. Natl. Cancer Inst., 8(13):938-943,
1991) that has an inactivated p53 gene and a normal TGF-§
10 signaling system (Park et al., Proc. Natl. Acad. Sci. U. S.
A., 91 (10):8772-8776, 1994). Stable transfectants were
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 SNU1l6-
15 Rx3-AS-cll and SNU16-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-MKN28.

1-3 Northern blot analysis

To determine whether the transfectants MKN28-Rx3,

25 SNU1l6-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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conprising the expression plasmd of claim3. 11. A pharnaceuti cal
conposition as an anticancer agent, 20 conprising the RUNX3 gene of claim

1. 12. A RhanRfgytical conposition as an anticancer agenfpcrggbding the
13.

RUNX3 cDNA having the nucl eotide sequence SEQ ID. NO: 1. 25 A

pharmaceutical conposition as an anticancer agent, conprising the RUNX3 RNA
transcri bed fromthe RUNX3 gene of claiml. 43 WO U2/ UGL0&@ PCT/ URU 1
/UU 121 14. A pharmaceutical conposition as an anticancer agent, conprising

t he RUNX3 prot ei clay Sl ALIRCRULTCR SQIPASdIl Ot a5 AN
anti cancer agent ’?Oggolrrp%?isﬁllsara mat evrqi&alogcapabl e of regulating the histone

. deacet hyl asg e Mt Xoand SeiidRL imd i a(guidreck da sequensslsdQad D NO:
3, containing CoGislands in the vicinity of the exon 1 of an RUNX3 gene.
10 16. A netlhednber sli agbeshngreanceis,), clafadderi zed8by delldct$mgiridie

. methylation of a nucleotide sequence SEQ ID. NO: 3, containing CpG islands
present nedtandoon Labotathrey RUNXBL e el cxagmamiss PfigeeRle BYapereparasion

i solating genomic DNA froma tunor tissue of a subject; digesting the
genoni c SDNAVaA t hSeParader ctbn %nz}n%%eﬁ@@?@%e“éwaﬁ@?ﬁyl &eiton;bY

separating the genom c DNA digesfts on_an agarose gel el ectropharesi s and
transferri r‘?d'etcﬁgﬁlp REBSLS mefBr ankr 20 HhA di%%ﬁg fhe §ES @ DN ofi"yest s

i e radiolasied A Bghe [ore EONS gageiomdexpos] e i ane
ucl eot i de Sedibee ol 100 N6 3 P5c0ntai rng CHATT Srande prosent hear
exon 1 of t3he RINX3 gere, ueenpPhissi ng theoisd epsodf i b#4tting 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 the expression of the RUNX3 cDNA in the strain.
In contrast, SNU16-Rx3-AS-cll and SNUl6-Rx3-AS-cl2 cells,
which harbor the antisense RUNX3 cDNA, were found to give
antisense RUNX3 gene transcripts of various sizes as detected
25 Dby multiple bands on the autoradiogram. In the control-SUNlé
strain, the expression of the endogenous RUNX3 gene was not

detected by Northern blotting analysis (see Fig. 3).
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5 SNU16 cells, whlch normally express the RUNX3 gene, and
SNU16-Rx3-AS-cll and SNUl6-Rx3-AS-cl2 cells in which an
antisense RUNX3 cDNA is over-expressed to selectively inhibit
the expression of the normal RUNX3 gene, were individually
treated with TGF-Bfl1 (1 ng/ml), after which viable cells were

10 counted over a period of time. The results are shown in Fig.
4a,

As seen in Fig. 4a, the TGF-Bl treatment induced cell
death in SNU1l6 cells. Almost all SNU16 cells were killed
within 2 days after treatment with TGF-Bl at a concentration

15 of 1 ng/ml. However, the SNU16-Rx3-AS-cll cells, in which
the antisense RUNX3 gene was excessively expressed to
selectively inhibit the expression of the RUNX3 gene, were
not killed after treatment with TGF-Bl. These results suggest

that the RUNX3 gene is involved in TGF-fl-induced cell death
20 in SNU16 cells.

2-2 Role of RUNX3 gene in TGF-fi 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-f1
for 6 hours, the control-SNUl6, SNUl16-Rx3-AS-cll, and SNUl6-
Rx3-AS-cl2 strains were lysed to isolate genomic DNAs

according to a standard method (Sambrook et al., 1988,
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20 It is known that TGF-Bfl-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-

fl 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 which RUNX3 g¢gene expression 1is selectively

inhibited and the control-SUN16 strain were suspended in
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1708 (37| Q4 4000ME 1) o5 008 Gy HAONELEE (Y s,
"s10% & () -ik0%a%ionh-{ G Zhd YitumbD¥deh)eity of SNU16-Rx3-AS-cll, SNUl6-
Rx3-AS-cl2, and control-SNUl6 cells was monitored for 98 days.
During these time periods, the cancerous masses that formed
were periodically measured for their external sizes. On the
15 final days, the mice were sacrificed to excise the cancerous
masses for comparison.
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 SNU1l6 cells were injected, as shown in Fig. 5a. 1In
detail, cancerous masses formed in the control SNU16 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 injection,
the cancerous masses were excised from the mice and compared

to one another. The cancerous masses from the experimental
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10<9&<310%K&'()-'y#lO%ﬂKnK&'() L' 'a#10%k<U<& () - L' y#10%<<& ()-L' ! X#10% <L<
& ()-L' 5 /'t@wpr URPABMBIY activity using nude mice 1n the same manner
as was used for the SNU16 cells. Mice injected with MKN28-
Rx3 <cells exhibited significantly reduced tumorigenesis
compared to the mice injected with the control MKN28 cells,
as shown in Fig. 5b. In detail, the cancerous masses of the
10 control group were measured at 600 mm’ in volume on the final
day. In contrast, the cancerous masses o0f the MKN28-Rx3-
injected experimental group were found to be as small as 250
mm’, demonstrating that the tumor growth was reduced by 58%.
Thirty days after the injection, the cancerous masses were
15 excised from the 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 Cells

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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5 cancer cell lines were NCI-H522, 86-2, Ab49, 1L1LK79, LK87,
LCSC#1, LCSC#2, NCI-H23, NCI-H226, NCI-460, NCI-H322, Sg-19,
NCI-H1915, NCI-H6é30, Hs 888L u, Lué6b, and 1X-1. All were
obtained from 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 laborétory manual, ond
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 oligo-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 P-actin cDNA were

used as controls in the RT-PCR. To amplify the controls, a
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109& () - PP%HPQE@ R-K@1n 5 seg. ID. NO: 10 and the antisense primer h-

5 actin 3 SEQ. 1ID. NO: 11, were synthesized. Nucleotide
sequences of these primer pairs were designed on the basis of
human PEBP2B 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 pl 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, 5 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 1lines, SNUS, SNUle,
SNU719, MKN1l, MKN45, RF1, 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
quantities, as shown in Fig. 6b. No RT-PCR products were
obtained from the SNUl, NUGC3, MKN28, MKN74, AGS, and KatoIlI
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

Lu65 cell lines, as shown in Fig. 6c.
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amplification of the RT-PCR products from the cDNA of the

5 RUNX3 gene. The RT-PCR products were run on a 1.5% agarose
gel under an electric field and the separated DNA fragments
were transferred onto a Hybond-N' nylon membrane.

Using the 2,244 bp BamHI fragment of the RUNX3 cDNA as
a probe, hybridization was conducted in the same manner as in

10 the Northern blotting analysis of Example 1-3, followed by
autoradiography on XAR-5 films. The results are given in Fig.
6b.

As apparent from the autoradiogram, the RT-PCR products
were amplified from the RUNX3 cDNA (PS-3 ST). 1In addition,

15 the amplification of PEBP2f and P-actin cDNAs from identical
first cDNA strands was observed, indicating that the lack of
amplification of RUNX3 cDNAs in the gastric cancer cell lines
SNU1, NUGC3, MKN28, MKN74, AGS, KatoIlI, NCI-H226, and lung
cancer cell 1lines, 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 1lines result from the 1low
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-f-induced apoptosis does not

occur and the tumorigenicity of cancer cells is increased in
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cells (in about 37% of the total cancer cells examined).

EXAMPLE 5: Analysis of DNA Methylation Around Exon 1 of the

RUNX3 Gene In Cancer Cell Lines

5-1 Analysis of DNA methylation by Southern blotting analysis

10 of gencmic DNA

To determine whether the suppression of RUNX3 gene
expression was caused by DNA methylation, correlation between
the expression of the RUNX3 gene and the hypermethylation of
CpG islands at loci near RUNX3 exon 1 was analyzed through

15 genomic DNA Southern blotting using restriction enzymes
sensitive to DNA methylation.

Genomic DNAs were isolated from cancer cell 1lines
according to a standardized SDS/protease K method (Sambrook
et al., 1989). The isolated genomic DNAs were treated with a

20 restriction enzyme that 1is unable to cut methylated DNA
(Smal), 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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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 KatolII cell lines, as shown in Fig.
To. 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 bands 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 is 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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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 1in 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 injection. After the injection, the rats were

observed for death, clinical traits, and body weight changes,
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% 10%& () - %Bd %9ﬁ§ﬁ()ag 1@%%@5&16X¥$%§§ﬁ£. 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 serological
assay, serobiochemical assay, and autopsy test were all
normal. Accordingly, pEF-BOS-Rx3 was identified as safe,

with an LDs; 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-B-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 cancers. 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.
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BUDAPEST TREATY ON THE INTERNATIONAL RECOGNTION OF TRH WPOSIT
OF MICROCRGANISMS FOR THR PURPOSE OF PATENT PROCEDURE

INTERNATIONAL FORM _
RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT

| issuad pursuant to Rule 7.1

T D BAL, Suk~Chal
Department of Biochemisury, Colicge of Medicing, Chungbuk National University,
548 Gaeshin-dong, Heungduk ko, Cheongiu-si, Chungbuk 361763
Rupublic of korca

|, IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the Accession number given by the

. INTERNATIONAL DEPOSITARY
DEPOSITOR! INTERNATIO
MKN28-Rx3 KCTC 0933BP

{1._SCIENTIFIC DESCRIPTION AND/OR PROPQSED TAXONOMIC DESIGNATION

The microgrganism identified under | abave was accompanied by:
[ x ] a scientific description .

[ ] aproposed taxonomic designation
{Mark with a cross where apphcahle)

I RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorgenism identified under I above,
which was received by it on January 09 2001.

Iv. RECFIPT OF REQUEST FOR CONVERSION

The microorganismn identified under | ebove was received by this International Deposim
Authority on and a request 1o convert the oniginal deposit to & deposit
under the Budapest Treaty was recacived by it on

V INTERNATIONAL DEPQSITARY AUTHORITY

Name. Korean Coflection for Type Cuttures | Signature(s) of persons) having the power
to represent the International Depositary

Authority of authorized official(s):
Address: Korea Regearch Institute of

Bioscience and Biowchnl)logy H .
’ (KRIBB) . S
i #2, Qun-dong, Yusong-ku,

Taejon 305333, BAE, Kyung Sock, Director
Republic of Korea - Date: January 26 2001
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INTERNATIONAL FORM
RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT

| issued pursuant o Rule 7.1

TO © BALE, Suk-Chul
Department. of Biochemistry, Collepe of Medicine, Chungbuk National University,

S48 Guaeshin dong, Heungduk-ku, Cheongiu-<i. Chongbuk 361-762
Rupublic of WKores

1. IDENTIFICATION OF THE MICROORGANISM

e b Accsssion number given by the
g;'"};,g’;g‘,‘(‘;g.“’m"“ given by the INTERNATIONAL DEPOSITARY
oo AUTHORITY:
L. 1. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microcrganism identified under | above was accompanied by:
{ x ] 2 scientific deseription

[ ] a proposed taxanomic designation
{Mark with a cross where applicable)

i

M. RECEIPT AND ACCEPTANCE

This Internationsl Depositary Authority accepts the microorganism identified under I above,
which was received by it on January 09 2001.

V_RECEIPT OF REQUEST FOR CONVERSION

The microorganism ideatified under 1 above was received by this International Dcposit.ars(
Authority on and a request to convert the oniginal deposit to & deposit
under the Budapest Treaty was recaived by it on

¢ INTERNATIONAL DEPOSITARY AUTHORITY

Name. Korean Collection for Type Cultures Signature(s) of personls) having the power

to represent the International Depositary
Authority of suthorized official(s):

Address: Korea Research Institute of

! Bioscience and Bictechnology K S .
{KRIBB} L
#52, Oun-dong, Yusong-kuy,

Tacion 305-333, BAE, Kyung Sook, Director
Republic of Korea Date: January 26 2001
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1mL0% i & ()-"! ALmL0% 31 3& ()- "1 <1ml0% (& ()-"!$1m 0% ()-"
CAmlO0%& () -"LOPQRs~\: 1 INTERNATIONAL FORM

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT

. issued pursuant to Rule 7.1

TO BAE, suk-Chut
Depzrumnent of Biochemistry, College of Medicine, Chunghuk National University,
548 Gaueshin-dong, Heungduk-ku, Cheongiu-si, Chungbuk 261763
Rupublic of Korca

I _IDENTIFICATION OF THE MICROORGANISM

g , Accession number given by the
[dentification reference given by the
DEPOSITOR: INTERNATIONAL DEPOSITARY

AUTHORITY:

SNU16-Rx3-AS-c12 KCTC. 093-BP

{1, SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION ]

The microorganism identified under I above was accompanied by
{ x 1 a scientific description -

{ ] a proposed taxonomic designation

{Mark with & cross Where apphicable)

I RECEIPT AND ACCEPTANCE

This laternational Depositary Authority accepts the microomanism identified under I above.
which was reccived by it. on January 09 2001,

V. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under 1 above was received by this Internatonal Depositary
Authonty en and 2 request o convert the ariginal deposit to a deposit
| under the Budapest Treaty was recaived by it on

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name. Korean Coflection for Type Culiures Signature(s) of person(s)' having the power
o vewesent the International Depositary
Authority of authorized official(s):

Address: Korea Research Institute of

Bioscience and Biotachnology K .
: (KRIBB) E’gg—n—-/ L

52, Oun—dong, Yusong-ku, )

Taejon 305-333, BAE, Kyung Sook, Director

Republic of Korea Date: January 26 2001

J—— L A
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composed of a cDNA nucleotide sequence SEQ. ID. NO:

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.

10

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.

15 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
20 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
25 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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8C RUNX3 gene, 1is SNU16-Rx3-AS-cll (Deposition NO: KCTC 0934BP)
established by transfecting the expression plasmid of claim 4

into the S8SNU16 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.
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16. 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:
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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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.

45



