Specification as at 09 06 2005 RUNX3 GENE SHOW NG ANTI - TUMOR ACTI VI TY AND
USE THEREOF FI ELD OF THE | NVENTI ON 5 The present invention relates to the
RUNX3 gene and uses thereof as an anticancer agent. Mre specifically, the
present invention relates to characterization of the RUNX3 gene, its
expression and tunor suppressor activity, and its use in the devel opnent
of cancer di agnosis nethods and anti cancer agefpificafion BACKGSREIND OF THE

| NVENTI ON Tunors are assenblies of cells that show excessive autononous
proliferation, and are classified into malignant 15 tunors, which may
result in death, and benign tunors; however, it can be difficult to

di scrim nate betvve n_these t Cancers are._qgenetic ca attri buted
o the mitati oRUNKS GENE SHOWHNG ANTT-AR AChRATY Ky "E'hi'agﬁﬁéx genes.  and
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their causes can be found at a cellular level. Owcogene pr oducts 20
constitute a signaling network within cells, and are involved in

regul ati ng signal transducti OFIEKS t(GRTTHEOINVENTICHN vi Si on and
differentiation. Wien their regul ati on becones abnormal, cells do not
differenti ate further but rather divide infi nitely, that is, they becone

Lurori agni c. 1T guuat coud 12508 bound o, Snetle sk YLAPRRETRLCs! onal

transductr on e conver O a nor I'TB. one I'’cancer agents

coul d be d%f@r@:@@daéh@{ ammilcdn@@f adderXxcebkentpddiatiafely, ccheefhegbst W t hout
side effects. 1 Specification as at 09 06 2005p At present, cancers are for
t he nost paimtventaanedelates to characterization of the RUNX3 gene, its

expression and tumor suppressor activity, and its use in the
development of cancer diagnosis methods and anticancer agents.
10

BACRGROUND OF TEE INVENTION

Tumors are assemblies of cells that show excessive
autconomous proliferation, and are classified into malignant

16  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
causes can be found at a cellular level, Oncogene products

20 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
infinitely; that is, they become tumorigenic. If a way could

25 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

effects without side effects.



three ways: with surgical therapy, chem cal therapy, and radiation
therapy. In practice, conbinations of these therapies or further
conbination with |aser therapy are 5 preval ent. However, cheni cal therapy
is preferred to other therapies when the pain acconpanying therapy and
metastatic conditions are taken into account. Nunerous anticancer agents
have been devel oped, nost of which are based oBpédificasioh 8Citioo®e 20041 i ng of
cells that are actively dividing. However, these 10 anticancer agents
suffer fromthe disadvantage of also killing sone nornmal cells, such as
i mune cells and hair root cells, wth concomtant significant side

effects; they are.t u for | ong periods o i ne. .
Ther ef or e, there%tr nalgr%gltcé %gége#%rgﬁ%veﬁgar? Fcancer pgélént%é:?ageiﬁhépapeutl C

15 agent basleckeonwihe: catses shrganger tAbgidy,be cRxrasiedtherfs,, hizghl y
effective and to have few or no acconpanying side effects. nor mal
activation Bidigidegensberariuces clél | prprohcs er atdmbinahivhs s ane thagse of
cancer. In gcontrast, tuno 0_suppressaqr. genes_function to prevent

abnor mal  cel 1S5GSt e?léti%%%‘uert oggrf'l?ﬁt?é?rmgr ofjt G| | Hiey  are

(apopt 0% S)prevliichh. t UihlevetPPLASHPLaDCoRS, 4y UACTpARARLAS! So! Qekbll t he
cells with abnormally activated oncogenes th preventing the formation of
cancerous ceté¢mapivhembenurdre SHIpr ess@pganesg 2bhetw noidraheaattarity,
cells with abnormal |y activated oncogenes cannot progress toward cancer,
but are anntHiTdtERs 24ReraHEr dNtP oA BetiBife c HHERFIUS PELFaNcCek|a9eniEst have

| nact | vat ech e chHRRIESSHLA, IFHRET 8% WRkLn A3 AHANA! 8 tho SPEEIJi6R! I On as
killing of cells that are actively dividing. However, these
10  anticancer agents suffer from the disadvantage of also killing
some normal cells, such as immune cells and hair root cells,
with concomitant significant side effects; they are thus not
able to be used for long periods of time. Therefore, there
remains a need for novel anticancer agents. A therapeutic
15 agent based on the causes of cancer might be expected to be
highly effective and to have few or no accompanying side
effects.
Abnormal activation of oncogenes induces cell
proliferation, and is one cause of cancer. In contrast, tumor
20 suppressor genes function to  prevent abnormal cell
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
formation of cancerous cells. Where tumor suppressor genes
25 show normal activity, «cells with abnormally activated
oncogenes cannot progress toward cancer, but are annihilated.

Therefore, to become cancerous cells, cells must have

inactivated tumor suppressor genes as well as activated




oncogenes. One of the mechani sns by which tunor suppressor genes are
inactivated is by hyper-nethylation of CpoGislands (Jones and Laird,

Nat ure Genet. Vol. 21, 163-167, 1999). Methylation 5 of CpGislands is
performed by DNA nethyltransferase. After significant nethylation, DNA
bi ndi ng proteins such as nethyl cytosine binding protein 2 (MECP2) bind to
the methylated cytosine of the DNA, which recBpdcificatibsisnn@odesaces yl ase
(HDAC) to repress gene expression. In detail, HDAC renoves the 10 acetyl
groups associated with histones, and the chronbsonal DNA in the vicinity
of the deacetyl ated hi stones becones dense, which |eads to repression of
gene transq&kgﬁgggs'lf gene expression is repressed by DNA net hyl ati on,
DNA nethyltranstferase or HDAC i nhibitors nmay be useful for 15 inducing

gene expression. od¢NBE THBPHREHEH1SRNESy WINSE BXRIESSiFekior €gEgssed by
DNA net hyl ation are exenplified by RB1, TP53, VHL, 2A, CDKN2B, M.H1,

and APC (Joies lapgtivatetl isNdtyuhypeeneethweltioflof 1686 157,anti899yonds
ment i oned Lously, 'stoEF acetylati n and _ 20 deacetyl ation are known

to play in%%gfgﬁ%r?bl¥é¥95? ggatatHy 2Bnale?aftlr iLgPPbn” iMPtouRari i ¢ _
cell's (G unst eigy Ms1aNakuse, pe§§&me'§i4%é/szl%l’§ %%gﬁltm&%é'f al hy occurring

conpounds have been found to prevent progressing toward cancer
by i nhi bi tsingiEDAGt Exertpllisftiod, bPNAT Bpeding prdtehiast abbh As aBohgb
depudeci n, HDAC,i nhi bitors have been studied for their abilit to reverse
the transf SHeFiBR SRNEAREemFTREcER| [%s. (MFCH2 e pipsl t@nﬁh@im@ﬁéylé@%mdecin

s the besl.RAtaCt st IARN AR, ' fnl&f 200 18M1 Q9N GeB8LLYIAL TdnNEy© and

to repress gene expression. In detail, HDAC removes the

10 acetyl groups associated with histones, and the chromosomal

DNA in the vicinity of the deacetylated histones becomes dense,

which leads to repression of gene transcription. If gene

expression is repressed by DNA methylation, DNA

methyltransferase or HPAC inhibitors may be useful for

15 inducing gene expression. Tumor suppressor genes whose

expression is repressed by DNA methylation are exemplified by

RBl, TP53, VHL, CDKNZ2A, CDKN2B, MLH1, and APC (Jones and Laird,
Nature Genet. Vol. 21, 163-167, 1999).

As mentioned previously, histone acetylation and

20 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

been found to prevent cells from progressing toward cancer by

inhibiting HDAC. Exemplified by trapoxin, trichostatin A, and

25 depudecin, HDAC inhibitors have been studied for their ability

to reverse the transformation of cancerous cells. Of the HDAC

inhibitors, depudecin is the best characterized as to its

anti-angiogenic activity in wvivo and in vitro. In addition,



Specification as at 09 06 2005 the HDAC inhibitors have been studied with
regard to cellular responses, including cell cycle interruption,
alteration of gene expression patterns, and induction of apoptosis. The
TG-- (3 signal transduction systemis well known for 5 its tunor suppressor
activity. The binding of TG~ (3 to TG~ (3 receptors causes the activation
of the receptors, which in turn activate Smad Spedfi&itios aby @@@S0ST yI at i on.
Once activated, Snad proteins nove into the nucleus and regulate gene
expression in cooperation with other transcription 10 factors, thereby
suppressing cell division or inducing apoptosis (Massague et al., Cell,
103 (2) : 2955 : IS he, tr.anscription factors that
physi cal |y élje:,'?gjrAacgg g\gml?ht(%nglaﬁéglre otb %fgﬁsg%lﬁ%%é% welt%%affeggjjd 8 ocfe&tlﬁﬁi%ﬁ\ 274;
31577- 31582resifSks, DahellLlaingr caul atyene Of nT&Fript i0as e R1106s a8l ol Sofmad
genes is observed in cells of various types of cancer. The tunor

suppr essor g FrRPyestLaGRatlereee st sndast ks of dpopisstisat ed by an
experiment in a & | | strﬁin_lackin the TG (3 receptor. _\Wien the cell was
transfornmed to e g?eggFf" eSIRFE. FIESEHEBEON CRYFLSYT oS ferldt ikeRvRadoFeduced
and 20 tgunof{ gengsi-S o L p,an o u L66en ( gt al.,
Cancer égs.¥&%7 (13)?%@@%%%§%8%§%g§$?¥'TH§%%2¥¥?§n§igﬁaﬁbfﬁ?éﬁg uction
system i s wetdepthasackesegedhas darivheioepbéssihen reafeptets, pwbidi efati on,

whi ch is achi eved by %réormti ng the expression of the COK inhibitor protein
p21. Howevel"™™t héBEYREEhanfdth by fC TEY- ( Phraaleeslatdept osi sOresmi ns to
be clearly,&luci-dated, RE )?rggy Vj r.. ki ndi rotein 2)is
conposed ofatV\Jb sugfn' tgn? aggﬁgé i ereilgtlsz tferfqér]?g&‘gleeﬁ%s avl\}ncf%?%uﬁa%e

gene expression in cooperation with other transcription

10  factors, thereby suppressing cell division or inducing
apoptosis (Massague et al., Cell, 103 (2):295-309, 2000).
Runx3 is one of the transcription factors that physically
interact with Smad proteins (Hanai et al., J. Biol. Chem. 274;
31577-31582, 1999). Deletion or mutation of TGF-P receptors or

15 Smad genes is observed in cells of various types of cancer.
The tumor suppressor activity of TGF-P receptors was also
demonstrated by an experiment in a cell strain lacking the
TGF-p receptor. When the cell was transformed to express the
TGF-B receptor, cell proliferation was reduced and

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

25 mechanism by which TGF-f induces apoptosis remains to be
clearly elucidated.

PEBPZ (polyoma virus enhancer binding protein 2)is

composed of two submits, o and B. There are three genes which



4 Specification as at 09 06 2005 encode the a subunit.: RUNX1/ PEBP2(err)
B/ CBFA2/ AML1, RUNX2/ PEBP2a A/ CBFA2/ AML2, and RUNX3/ PEBP2a C/ CBFA3/ AM_2
(Bae and Ito, Histol. Hi stopathol, 14(4):1213-1221, 1999). The RUNX1,
RUNX2, and RUNX3 genes show honol ogy of about 60-70%in amno acid 5
sequence anong them They are highly conserved evolutionarily, with

hormol ogy of about 95% between nouse and human.SpRdafledtideds as)9ans Joppor t ant
causative gene in |l eukem a, the RUNX1 gene becones associated with other
genes by chronosonme 10 translocation to cause acute nyeloid | eukem a or
acute lynphoid | eukem a in humans (M yoshi et al., EMBO J., 12:2715- 2721,
1993; Romanen®idedkhe & 8@6:ni8%:3 otRp2d 98 2¢ fcydar ¢t ) :

91: 3134- 3143, 1998; kuda et %al fz@ﬁc)é}lr),l gﬁf&sgﬁ%w, 1896§@W55E€K§2 gene
pl ays a cr RACGREPZGRELE n eBd e RHVKBEPERP2DS QUUBEASYAHLSBI uptiaen &as beep

i [i d .. s |.ei i al i i ., Cell
barvse ey He8y i doda B L AT Y 1 D5E o8 AR o€ B \iBKSs et
al ., Cell, 89 THAGYend9Ehoft h8ntod) - or Cbdut 895798 Eﬁ.l,amiag%g_%/*' so,

it has been reported that the RUNX2 gene shows 20 oncogeni ¢ acti vi in the
formati &n ofedhecekl |ynphomp (Beewart erhay., akeoc.hiNatll. AsaderSed. U. S.
A., 94(16):8646- 8651, 1997). The RUNX3 gene was identified by the present
inventors SE&ELAPSERNG dhidradicnodeaper opbewe PEBPEtWeEH PoUBacand al .
25 Gene, 15Q(2); 245-248, 1995; Levanon et al., Genom cs, 23(2):425-532,
1994). However, diseases associated with the activation or inactivation of
the RUNX3 gene, Betberddédas whalimportant causative gene in leukemia, the

RUNX1 gene becomes associated with other genes by chromosome

10 translocation to cause acute myeloid leukemia or acute

lymphoid leukemia in humans (Miyoshi et al., EMBO J., 12:2715-

2721, 1993; Romana et al., Blood, 85:3662-3670, 1995; Okuda et

al., Blood, 91:3134-3143, 1998; Okuda et al., Cell, 84:321-330,

1996). The RUNX2 gene plays a crucial role in osteogenesis,

15 and its disruption has been implicated in causing

cleidocranial dysplasia (Komori et al., Cell, 89:755-764,

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

20 oncogenic activity iﬁ the formation of T-cell lymphoma

(Stewart et al., Proc. Natl. Acad. Sci. U. S. A., 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.,

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

23(2):425-532, 1994). However, diseases associated with the

activation or inactivation of the RUNX3 gene, other than what

we describe in this invention, hasn’t been reported.



we describe in this invention, hasn't been reported. 5 Specification as at
09 06 2005 SUMMARY OF THE | NVENTI ON Leading to the present invention, the
t horough and 5 intensive research on di seases associated with the
activation of the RUNX3 gene, conducted by the present inventors,
resulted in the finding that RUNX3 gene products have tunor suppressor
activity. RUNX3 is indispensable for TG (3-i ndyeaflcatidR@phia®i (% 2085d
i nactivation of the RUNX3 gene by DNA 10 nethyl ation at |oci near RUNX3
exon 1 is closely correlated wth cancer devel opnent. In the present
invention, the RUNX3 gene is characterized as to its expression and tunor
suppressor activity, offering the possibility of devel opi ng cancer
di agnosi s net hods and anticancer agents fromit. 15 The objectives of the
present invention are to el uciAMRRY ORTHE RIVENTEN essor activity of the
RUNX3 gene and its nmechanism and to describe a diagnostic nethod and a
t herapeutic agent for cancer based on the tunor suppressor activity of
RUNXS. 20 To achizeugibge 1Dovhe objialihyesinddif 1BheS e [ ENSRLIAN aRROVI des
RU C I's

a cell strain having a sense RUNX3 cDNA, in which the

over - expr eshiltbnsdng aesedrchstaraidi skavengassociatieds enske RUNXR-tRMAichn whi ch

the expression of t NX3 gene is inhjbited are provided. 25 Al so, the
pr esent i nv& tﬂ%ﬁ pgﬁvgg

I'ts correspaidiingqprot @i AiRgthg %@5 eRgNkﬁ‘V é‘ﬁ%o s odile Rg'é%% gene 1s

shown to play a crucial role I1n™T -?3- ependén poﬁ%ogl ) u5|H§ tel |
suppressor activity. RUNX3 is indispensable for TGF-P-induced
apoptosis, and inactivation of the RUNX3 gene by DNA

10 methylation at loci near RUNX3 exon 1 is closely correlated
with cancer development. 1In the present invention, the” RUNX3
gene 1is characterized as to its expression and tumor
suppressor activity, offering the possibility of developing
cancer diagnosis methods and anticancer agents from it.

15 The objectives of the present invention are to elucidate
the tumor suppressor activity of the RUNX3 gene and its
mechanism, and to describe a diagnostic method and a
therapeutic agent for cancer based on the tumor suppressor
activity of RUNX3.

20 To achieve the above objectives, the present invention
provides a cell strain having a sense RUNX3 cDNA, in which 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.

25 Also, the present invention provides a RUNX3 cDNA with
tumor suppressor activity and its corresponding protein.

In the present invention, the RUNX3 gene is shown to

play a crucial role in TGF-B-dependent apoptosis, using cell

e TEPRUNKRUBIEN P ElgroPresppE eskyrerderEvi ty and



6 ------ - ----- Specification as at 09 06 2005 strains that either
overexpress RUNX3 cDNA or selectively inhibit the expression of the RUNX3
gene. Additionally, it is shown that the suppression of RUNX3 gene
expression in various cell lines can be attributed to DNA 5 nethylation in
the vicinity of exon 1 of the RUNX3 gene. Further, the present invention
provides a pharmaceutical conposition includi rsgedifi€atiB/hia @a¥00s its
protein. Finally, the present invention provides uses of the RUNX3 gene
and its proteins in the devel opnment of anticancer 10 agents and di agnostic
nmet hods. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. la is a cDNA nucl eoti de
sequence of st isuneina tRUNX8hed 5 ogepexpiddy artmw® eennt iord sdedqniivaeys used
for RT-PCR analysis and bold letters denoting the translation initiation
codon (ATGMRHRYtt FhAsPErIessien opt ddoRUNAGAJeneRi g. | b continues the cDNA

nucl eoti de seque : human RUNX3 gene fromFig. la. 20 Fig. lc is an
ani no acid seque%@glgé%r&agga/’f rlgmlﬁhgh%(‘géqﬁé%ceth@f Sfﬁgr%ﬁ%nopft ﬁgNﬁﬁman
RUNX3 gene gdrawrxbheksfon li& valhSus 2&11S 13nBNCLEPHLG  SRANGNGE t%hgtéhng CpG
i sl ands present in exon 1 of the human RUNX3 gene wth a site used as a
probe i rP gerriivd abion Souttther nibinitandl ggos derfotthd RynxPGensder | i ni ng and

a translation initiation codon éATG), denoted by bold letters. Fig. 2b
continues the nuéPELEFHe FEREEof YRR LERT PTEYkdegs appBaEmcawtierbn 1 of

the human RO3sgeRsnfiRMGidy &% RUNK3 gene or its protein.

Finally, the present invention provides uses of the
RUNX3 gene and its proteins in the development of anticancer

10 agents and diagnostic methods.

BRIEF DESCRIPTICN OF THE DRAWINGS

Fig. la is a cDNA nucleotide sequence of the human RUNX3
15 gene with arrows denoting the primers used for RT-PCR analysis
and bold letters denoting the translation initiation codon
(ATG) and translation stop codon (TGA).
Fig. 1b continues the cDNA nuclectide sequence of the
human RUNX3 gene from Fig. la.
20 Fig. 1lc is an amino acid sequence deduced from the
sequence of the cDNA of the human RUNX3 gene shown in Fig. 1la.
Fig. 2a is a nucleotide sequence showing CpG islands
present in exon 1 of the human RUNX3 gene with a site used as
a probe in genomic DNA Southern blot analysis denoted by
25 underlining and a translation initiation codon (ATG) denoted
by bold letters. |
Fig. 2b continues the nucleotide sequence of the CpG

islands present in exon 1 of the human RUNX3 gene from Fig. 2a.



7 Specification as at 09 06 2005 Fig. 3 is an autoradiogramresulting from
Nort hern blotting analysis for determ ning whether SNU16-Rx3-AS-cll| and
SNU16- Rx3- AS-cl 2, both having an anti sense RUNX3 gene, and MKN28-Rx3,

havi ng a sense RUNX3 gene, express the antisense 5 and sense RUNX3 genes.
Fig. 4a is a graph in which counts of viable SNU16-Rx3- AS-cll cells are

plotted with regard to time, along with those RbcifibRioa@nht®@ oeIdds6 cell s,
after treatment with 1 ng/m of TG-(err) to analyze TG (3-induced cell

death. 10 Fig. 4b is a photograph showi ng the results of the
el ectrophoresis of the genom c DNAs obtai ned from SNU16, SNU16-Rx3-AS-cll,

and SNU16- Rx3- AS-Kit2 aBt ers t baat aRt¥radibhrdm N@suht iy T k3 nd@hebnhour s
so as to deternine whether RUNX3 is involved in the gI'G:-(S-i nduced

progranmed EePitidaehapEshndier DStRrpinisy wheshegr ) 1$hBwB rRStdidt ande si ze
of the tuno red.i ud 1 ce_were neasured periaodically for over 98
days after ?ﬁ%liu%cuggng%é&s gﬂf?écﬁ%ﬁn%f TBNGELRR §§\SBHN¥gaﬁ8ne, and

SNU16- Rx3- Agaed 2,80t hakaMing reskel GiRE3R e | U+ e
over - expressi on of theaant?sense RUNX3 geng%éréﬁfé%oog}% %%tn]tsr%g%-QSNum

whi ch expr edr@ssanise RUNKS ageree.normal ly. Fig. 5b is a graph in which tunors
formed i n nude n‘iEge were nmeasured for size periodi calléhfor over 37 days

after the subcutddeodd i#j Rc¥THN I ebathorowkie® L wHPrEhe dPUEL Gr8%3-expr ess
50 Shows 8 conay Can of Eneu Gis MabSS0tTe Sed T, BarThe” L ETOREr | 1 cod
on the finabf dblye ofonthmlexpernionertlils, after treatment with 1 ng/ml of
- TGF-B to analyze TGF-B-induced cell death.-
10 Fig. 4b is a photograph showing the results of the
eléctrophoresis of the genomic DNAs obtained from SNU1l6,

SNU16-Rx3-AS~cll, and SNU16-Rx3-AS-cl2 after treatment with 1

ng/ml of TGF-Bl for 6 hours so as to determine whether RUNX3

is involved in the TGF-B-induced programmed cell death pathway.
15 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-cil and

SNU16-Rx3-AS-cl2, both having restricted RUNX3 expression due

to the over-expression of the antisense RUNX3 gene therein;
20 and control-SNU16 which expresses the RUNX3 gene normally.

Fig. 5b is a graph in which tumors formed in nude mice
were measured for size periodically for over 37 days after the
subcutaneous injection of control MKN28, which does not
express the RUNX3 gene, and MKN28-Rx3, in which a RUNX3 cDNA

25 is expressed.

Fig. 5c shows a comparison of cancerous masses excised

from the mice sacrificed on the final day of the experiment.

Fig. 6a is a schematic view showing the structure of the



Fig. 6a is a schematic view showing the structure of the 8 Specification as
at 09 06 2005 RUNX3 cDNA with arrows denoting the RT-PCR prinmer positions,
and a striped box denoting the Runt donain, which plays an inportant role
in binding of the RUNX3 protein to DNA. Fig. 6b shows the results of

el ectrophoresis of RT-PCR 5 products obtained fromtotal RNAs of 15
gastric cancer cell lines by use of pairs of Rpedifipdtionas st (oRB-ps PS-C
prinmers (PS-C), human PEBP2(err)/ CBFB cDNA priners (PEBP2(err)), and human
(err)- actin cDNA prinmers ((err)-actin), and the results of Southern
blotting (PS-C ST). For the Southern blot analysis, RT-PCR 10 products

obt ai ned byRUNE ofDNRSGtpr iamepss wderothirly itdiez T-BCR hpr RUMNX3poeNACaS, a
probe. Fig._6¢ shows, the results of el ectrophoresis of RT-PCR products

obt ai ned fr%fﬁff 1t SFEFRES B9X 19e1UHg 9 dierRBd| |damades  whclisBla¥s pairs of
PS-N pri mer N}, < L (RS-, d _human R-actin cDNA priners
(0-actin), %noﬂd;rﬁg%zg %g‘rp%%g%ﬁ iégfn'st(%e ﬁ@ﬁ%@rﬁ’ﬁﬂiﬁi\%’lg}"g. a is a schematic

illustration shosigy GBSHhowEi BHe LOIYITS Uit @S dchrbPgoMisnidey RAL pRINX3
exon 1 and the CpG frequency within typical CpGislands, with thick bars

denot i ng 20PXHRIGESsiObrahned aramNAtetalgndifs uskedlasgastpricheancegensii ¢

Sout hern blopt_ analysis. FLg. 7b is_a toradi ogram resul ting from Sout hern
bl ot ti ng an%%/e% 333%/0?890\& nBEhYY a?For%S?# PhE™SA iﬁ?st_);‘ﬁof BRONXPTIERER 1 in

varl ous GRel AR CPbApd R8EsDUn & Lind Y Amalibos il o, ot ot
cell lines ardnt reRMredpwithdrs (B-actin), and the results of Southern
blotting (PS-C ST).. For the Southern blot analysis, RT-PCR
10 products obtained by use of PS-C primers were hybridized with
RUNX3 cDNA as a probe.

Fig. 6c shows the results of electrophoresis of RT-PCR
products obtained from total RNAs of 17 lung cancer cell lines
by use of pairs of PS-N primers (PS-N), PS-C primers (PS-C),

16 and human f-actin c¢DNA primers (B-actin), to analyze the
production of RUNX3 mRNA,

Fig. 7a is a schematic illustration showing restriction
enzyme sites in the vicinity of RUNX3 exon 1 and the CpG
frequency within typical CpG islands, with thick bars denoting

20 the position of a DNA fragment used as a probe in genomic
Southern blot analysis.

Fig. 7b 1is an autoradiogram resulting from Southern
blotting analysis for DNA methylation in the vicinity of RUNX3
exon 1 in various gastric cancer cell lines by use of DNA

25 probes which can detect parts of the CpG islands. The genomic
DNAs were isolated from the cancer cell lines and treated with
Smal (upper), which can not digest methylated DNA, and BamHI

(lower}, which can digest DNA irrespective of DNA methylation.



Smal (upper), which can not digest nmethylated DNA, and BanmH (| ower),

whi ch can digest DNA irrespective of DNA nethylation. 9 Specification as
at 09 06 2005 Fig. 8 shows the results of el ectrophoresis of RT-PCR
products obtained fromtotal RNAs of NUGC3, MKN28, and MKN74 after
treatment with 5-aza-2-deoxycytidine (AZA 300 nM or trichostatin A (TSA
1 mV), separately or in conbination. The 5 resghtsfitdtidh aakiotdsatoos he
treatment with the DNA nethyltransferase inhibitors or HDAC i nhibitors
allows the RUNX3 gene to be expressed. DETAI LED DESCRI PTI ON OF THE

I NVENTION 10 In the present invention, the role of RUNX3 in cells is

el ucidated. For this BUIPRRS. tReSR3EIRUNXE P 1,080t [ 5eRse BINX3
CDNA is introduced into cells to establish stralné)over-expre35|ng sense
or anti senserdAUNXS BMAaingb fespacitthleRYAs Ther RIGTE, MEN2GDE angpegli7of the
present invention, cell lines are provided that harbor a sense RUNX3 cDNA

or an anti e RIMGESEPNALE excd&sidrérp=Esyriciget nAZAURRE pibt edbn  and
to sel ectivel: t expr iop_of the RUNX3 gene,. 20Q respectively.
The human ﬁ%&&%ggg%gﬁiﬁénggwﬁy tﬁ%ﬁbr3§%$ﬁaﬁ%iyeﬁfoF§ F?ﬁk%ﬂii%oPBa het al .|
Cene, 1359 (2)=ud45- 248,dik23%; CBW: nualheot | decasRaMeNcg: GenBapk Acggssi on
No. Z35278) was used to construct a plasmd vector capabl e of RUNX3

expr essi on. MRy lEDRAS fraske PELIRUKKES genre HBAC t hehhuticest | alblsequence SEQ

l?éngfgiﬁbgiﬁk% g8££“¥$“%% ggpggg&xieadlng frame ranging fromthe

DETAILED DESCRIPTICN OF THE INVENTION

10

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

15  respectively.

Therefore, in one aspect of the present invention, cell
lines are provided that harbor a sense RUNX3 cDNA or an
antisense RUNX3 cDNA to excessively express the RUNX3 protein
and to selectively suppress the expression of the RUNX3 gene,

20 respectively.:

The human RUNX3 gene cloned by the present inventors in
1995 (Bae et al., Gene, 159 (2):245-248, 1995; cDNA nucleotide
sequence GenPank Accession No. Z35278) was used to construct a
plasmid vector capable of RUNX3 expression. The cDNA of the

25 RUNX3 gene has the nucleotide sequence SEQ. ID. NO: 1. This
CDNA has an open reading frame ranging from the translation
start codon to the translation stop codon, and encodes a

polypeptide consisting of 415 aminc acids whose putative amino

10



start codon to the translation stop codon, and encodes a pol ypeptide
consisting of 415 am no acids whose putative amno 10 Specification as at
09 06 2005 acid sequence is SEQ ID. NO 2 (see Figs. lato lc). A DNA
fragment . conprising CpGislands in the vicinity of exon 1 of the RUNX3
gene has the nucl eotide sequence SEQ ID. NO 3 (see Figs. 2a and 2b). 5 A
2,244 bp DNA fragnment conprising a coding regi Gpedficatiovhas BYPGE gepe cDNA
SEQ ID. NO 1 (see Fig. la) was inserted in the sense direction into a
pEF- BOS vector (M zushima et al., Nucleic Acids Res., 18(17):5322, 1990)
to construct a reconbinant plasm d vector, nanmed pEF- BOS—RxB whi ch

expresses 1 senpenBINKS gene. rp3epp):abel y eetpg%gu NGB +&DNA l) {g Bﬁgrted
ruc

in the antisense orientation into a pEF-B vector to cons

r econbi nant fxaament, mapedsm‘@:%manas iAf tiee vheirphkgswicdexest or of
pEF- BOS- Rx3_was. co-transfected w th another vector bearing a neo

resi stance &&F nIBRE KiS ths npetestdde sedeenraeSEQel IDstNGi Bs (sseabl e

transfect anp%gvgra EXPrassi ng the sense RUNX3 RNA were selected. In a
preferred dinent of ‘t'he present invention, the pEF-B0S-Rx3 plasnmd

and a plsasnm d wi h 2 2aeo0 bpelDigt ifRgRBRK eE Nf;ifh%ﬁ@ o ansfiggt edgibpt get he
MKN28 strain (which does not express a RU gene) 20 using L| pof ect am ne
(G bco-BRL)E hear?@%e%@@e@@ﬁporﬂ& IPr aNBf ekt aﬂ*ﬁt@s Rigs 3ehieaediriseriedns of

RUNKG  genethadin haae AODE AR SHEP doRe g TR o™: NUL GBI CGoPfect] on
for Type Culidieacof nkeuga Resear Cibdmtlséyée oiogh BIQSCILNGe A8 -
Bi ot echnol ogy (KRIBB) under t he deposition No.
recombinant plasmid vector, named pEF-BOS-Rx3, which expresses
10 a sense RUNX3 gene. Separately, the RUNX3 cDNA was inserted
in the antisense orientation into a° PEF-BOS wvector to
construct a recombinant vector, named pEF-BOS-Rx3-AS.
After the plasmid vector pEF-BOS-Rx3 was co-transfected
with another vector bearing a neo resistance selection marker
1 into various cancer cell strains, stable transfectants over—
expressing the sense RUNX3 RNA were selected. In a preferred
embodiment of the present invention, the pEF-BOS-Rx3 plasmid
and a plasmid with a neo selection marker were co-transfected
into the MKN28 strain (which does not express a RUNX3 gene)
20 using Lipofectamine (Gibco~BRL), and the selection of
transfectants was achieved by means of G418 resistance. The
MKNZ28 strain that shows over-expression of the sense RUNX3
gene was named MKN28-Rx3 and deposited with the Korean
Collection for Type Culture of Korea Research Institute of
25 Bioscience and Biotechnology (KRIBB) under the deposition No,
KCTC 0933BP on Jan. 9, 2001,
The strains that express the antisense RUNX3 RNA were

established by co-transfecting the plasmid vector pPEF-BOS-Rx3-

11




KCTC 0933BP on Jan. 9, 2001. The strains that express the antisense RUNX3
RNA were established by co-transfecting the plasmd vector pEF-BOS-Rx3- 11
Specification as at 09 06 2005 AS and a plasmd with a sel ection narker
into cells of the SNU16 gastric cancer cell line (Kimet al., J. Natl.
Cancer Inst., 8(13):938-943, 1991) which has an inactivated p53 gene and

a normal TG (3 gene system (Park et al., Proc.spb@fitaticAGag:09%063mos U. S.
A, 91 (10):8772-8776, 1994). Stable transfectants were obtained in the

sanme manner as above. Two transfectants which expressed the anti sense
RUNX3 RNA in excess were nanmed SNUL6-Rx3-AS-cll and SNU16- Rx3- AS-cl12, and

devosied ks ok, Kaseaty PLIPCLT 00,La Ty UL Ut o0LoKCL BBc gt (he

10 deposition Nos. C 0934BP an on Jan.

det er mi ne whEilergasteitr anatect aals MMN28{EMUB-ot SNUL6-7 RMBrAS ¢hhceand
SNU16- Rx3-AS-cl 2 actual |y express the sense RUNX3 gene or the antisense
RUNX3 gene, T8¥e ROV ¢ DREx 443 SEG1) | Brigko has \aas insetivates DEA geobe for
Nort hern bl ing 15 an iS. A RUNX3 transcript. fromthe MKN28-Rx3 strain
was det ect“g‘e)l]-i aas%émsnﬁggﬁléﬁ(_giaﬁ&nst S¥S i(tPiaG?r ot st Fdeft i ¥altl t &cadhat of
18S RNA5 vesdd yitng st ha. exer esi9) 08795 -RUNG3 10BNA | nsdhee eehhsrddtapppt rast,
anti sense RUNX3 RNAs of various sizes were detected from SNUL6-Rx3-AS-cll
and SNU16- RegraaSidained| i, they s2iet henvent asl al8idl6 Fwpatnandfiee-texpsessi on

of the endo&gncqgse RUNX3 . gene was. har dléudet ected by Northern blotting
anal ysis (588 FiGPTEySSH ntin ot NerSRSFeCUNGS R bR e%e3RSS Mrght fgReda RUNX3

gene and | &UIH-RAYCAS-I G A1 BURRE-AURARESSAL 85hd MY WwBER the
Korean Collection for Type Culture of KRIBB under the
10 deposition Nos. KCTC 0934BP and KCTC 0935BP on Jan. 9, 2001.
To determine whether the transfectants MKN28-Rx3, SNU16-
Rx3-AS-cll, and SNU16-Rx3-AS-cl2 actually express the sense
RUNX3 gene or the antisense RUNX3 gene, the RUNX3 cDNA of SEQ.
ID. NO: 1 was used as a DNA probe for Northern blotting
15 analysis. A RUNX3 transcript from the MKN28-Rx3 strain was
detected as a single band at a position almost identical to
that of 18S RNA, verifying the expression of RUNX3 mRNA in the
cell. In contrast, antisense RUNX3 RNAs of various sizes were
detected from SNU16-Rx3-AS-cll and SNU16~Rx3-AS-cl2 cells. In
20 the control SUNlé strain, the expression of the endogenous
RUNX3 gene was hardly detected by Northern blotting analysis
(see Fig. 3).
In another aspect of the present invention, a RUNX3 gene
and its product, which show tumor suppressor activity, are
25 provided.
In the present invention, the function of the RUNX3 gene
is elucidated by using the MKN28-Rx3 strain, which expresses
the RUNX3 gene, and the SNU16-Rx-AS-1lc and the SNU16-Rx-AS—

12



25 provided. In the present invention, the function of the RUNX3 gene is
el uci dated by using the MKN28- Rx3 strain, which expresses the RUNX3 gene,
and the SNU16-Rx-AS-Ilc and the SNU16-Rx-AS- 12 Specification as at 09 06
2005 12c strains, whose RUNX3 gene expression is selectively interrupted.
To analyze the role of RUNX3 in the TG (3-induced programed cell death
(apoptosis), the SNUL6-Rx3-AS-cl| and 5 SNU16SR3fid8os aLat®o08i208s1 N whi ch
RUNX3 expression is selectively inactivated were treated with TG~ (err)1;
normal SNU16 cells were used as a control. Counts of viable cells reveal ed
that TG-(err)1l i nduces apoptosis in the control strain, but not in the

mitant St aigs. JndeLai Ll eanRRl Y TS 3% 49 kill ed Al SN cel s

within 2 days. However, treatnment wt T hotPki TT

SNU16- Rx3- Afatoddrupndd SNUL6- Rx3- AS-cl 2 cells (see Fig. 4a). Accordingly,
these results show that the RUNX3 gene is involved in the

TGF-(err) 1-i nducde cehdlyheat hhen raBMUL6EceRUNK3 15n| ntiehe TPFgdeimidui-adent i on,

i nventors 0. deter.mn et her, t he mechani sm of_t RUNX3- dependent
TGF-(err)1?¢%3]ﬁgﬁedcéfﬁldggPﬁﬁiAagﬁgigsﬁ%hdst??e§ygﬂgﬂpé%ﬂ§cﬁl 380l via
the apapt OSNELPRKBWAY-O12 8 HEELI0SI S RAL wYen El @alkzophay E%'sgi&fl PNA from
cells killed through apoptosis yields specific 20 apoptof1c bands.

These bandssalreetdppayentadii vialied DNSrd riatSNULEIE etdrs-iL F eadeeh wiskib1§ G- 431
(see Fig. 4gﬁéﬁp However, no apoptotic bands were observed in

the DNA of ¢ %%é635§%?#é-%FPnéﬁﬂl SNYPEPRR 30AS kA ecepl ks (maveatrg. 4b,
that TGF-Bl induces apoptosis in the control strain, but not
in the mutant strains. In detail, treatment with TGF-§1

10 killed all SNU16 cells within 2 days. However, treatment with
TGF-f1 did not kill the SNUL6-Rx3-AS-cll and SNU16-Rx3-AS-cl12
cells (see Fig. 4a). Accordingly, these results show that the
RUNX3 gene is inveolved in the TGF-Bl-induced cell death in
SNU16 cells.

15 In the present invention, inventors also determine
whether the mechanism of the RUNX3-dependent TGF-Bl-induced
cell death in SNU16 cells treated with TGF-PlL is wvia the
apoptosis pathway or a necrosis pathway. Electrophoresis of
DNA  from cells killed through apoptosis vyields specific

20 apoptotic DNA bands. These bands are apparent in the DNA from
SNU16 cells treated with TGF-Bl (see Fig. 4b Lanes 1 and 2).
However, no apoptotic bands were observed in the DNA of the
SNU16-Rx3-AS-cll and SNULl6-Rx3-AS-cl2 cells (see Fig. db,
Lanes 3 to 6). Therefore, TGF-PBl1 stimuli kill SNU16 cells

26 through an apoptotic pathway, and RUNX3 is indispensable for
this process.

It is known that TGF-fl-induced apoptosis is a very

important mechanism for suppressing the progression of normal

13
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known t hat
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57(14): 285
t unori gene
suppr essor
subcut aneo
peri odi cal
sacrificed
conparison
the mce i
SNU16- Rx3-
cells (see
the find

and SNU16-

6). Therefore, TG-f31 stimuli kill SNU16 cells 25 through an

pat hway, and RUNX3 is indispensable for this process. It

is

TG--fit-induced apoptosis is a very inportant mechani smfor
g the progression of normal 13 Specification as at 09 06 2005
cells toward cancer, and that nost of the factors involved in the TG~ (3
pat hway have tunor suppressor activity (Chang 8pecifidation &at©006RE85 ,
6- 2859, 1997). To examine the anticancer activity of RUNX3, a

sis assay was 5 performed using nude mce. For the tunor

activity assay, the cell lines are introduced into nude mce by

USel 1Y QChboR, LS, WLCRnLDEGANCEF QYR ?‘3%%8?% { Qi dTRd a8 &
Iy measured for their external sizes. After the mce are

e ther-fi napadaiay tmeca:mﬁ@ffompp%@smS@csciazriﬁg_e&@hﬁﬁg Ee
. The tunors fornmed in the nude mce grew at _a higher rate
nfect eRFIh ke rcePT 61 4%pPassIHP SNUABLIRX 3- AS- examine the

r
[

n

= e int i i nj d _wthth trol SNU16
FEgkasten” JOGRAAT bPRBER. ke bitoritebes e astiFRd on
dews: fobhegeusing Neudeexpeel, nertal 188 %&mtﬁgg@w&ﬁw&v& -AS-cl |

Rx3- AS-cl1l2 had been injected were 1,600 in vol une,

ile

those of t&¥sasont e grddp Weres abeet 800rarinc@d Thetaanode ousiamsbes

excised fr

wer e

om.the mce 98 days.after the injection and 20 conpared to one
anot her . Tﬁgﬂ%%§€§?85§ ﬁHE@%%l?Pon1ﬁﬁﬁ?r e%bé??ne_E%IC@Pﬁﬁbmﬁkréwﬁéﬁﬁrkably
l'arger thancdhese {FOMpEPLdcANLLO0InBEAYR4(S8e FirkiOxternal sizes.

10
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20

25

After the mice are sacrificed on the final day, the cancerous
masses are excised for comparison.

The tumors formed in the nude mice ‘grew at a higher rate
in the mice injected with the cells expressing SNU16-Rx3-AS-
cll or the SNU16~Rx3-AS-cl2? than those in the mice injected
with the control SNU16 cells (see Fig. ba}. In detail, the
cancerous masses were measured on the final day. Those of the
experimental group into which SNU16-Rx3-AS-cll and SNU16-Rx3-
AS-cl2 had been injected were 1,600 mm® in volume, while those
of the control group were about 800 mm®’. The cancerous masses
were excised from the mice 98 days after the injection and
compared to one another. The cancerous masses from the
experimental group were remarkably larger than those from the
control group (see Fig. 5c).

The tumorigenicity of control MKN28 cells and MKN28-Rx3
cells in which the sense RUNX3 RNA is expressed was also
assayed, using nude mice in the manner described above for the
SNUle cells. Significantly reduced tumorigenesis was observed
in the mice injected with MKN28-Rx3 cells compared to that of

the mice injected with control MKN28 cells (see Fig. S5b). In

14



The tunorigenicity of control MKN28 cells and MKN28-Rx3 cells in which the
sense RUNX3 RNA is expressed was also 25 assayed, using nude mce in the
manner descri bed above for the SNU16 cells. Significantly reduced

tunori genesis was observed in the mce injected with MKN28-Rx3 cells
conpared to that of the mce injected with control MKN28 cells (see Fig.
5b). In 14 Specification as at 09 06 2005 detSaedificatibe ac&OAERDO5 masses of
the control group were 600 mmB in volune on the final day, in contrast to
those of the cancerous masses of the MKN28- Rx3-injected experinental

group, which were found to be as small as 250 nmB. This represents a 5

reducti on odfiettddr te ovhicetfousBifasdde CRARGEr BURLFEBIS SBDUPCHEre R SRE from
the mce 30 days after the injection and conpared to one another( Fig.

5c). These ¥estuplyngleppnsiheat Binddatdahe RUNXSngeast has tmse ofupphessor
activity. 10 In_the present Jinyent] t he  RUNX3 gene was *anal yzed for
its expressTOIr patt e’gﬁs?ﬁ‘? Vv ritﬁﬁsMgggﬂac_éﬁX%EéW eﬁ‘?‘fﬂ?.x?eifb‘f‘%ﬂtwoﬂﬁr e

i sol ated fr@gmdd @ast EbgnFarL et gel in 3 | gﬂﬁg ' nger cell
| ines and used to determ ne 15 m%gtégél%ﬁgggggelﬁgri#ggspr J%%%n%% 3

MRNAs, By ussluwfifi- BERtumdheggasty icf G8acer Thel kahtaesidisedses Wwbks RT- PCR

were SNUL, SNU5, SNU719, NUGC3, MKN1, MKN7, MKN28, MKN45, MKN74, AGS,
Katol | |, RFEECIREggirapdtherssire 3hedavmgisancehe chliedtiiagsansk emproed H522,

86- 2, A549’U}%%%’ﬁ%FQﬁ?bﬁgigﬁé?F CSCH2, NCI -H23, 20 NCI -H226, NC -460,

NCl - H322, SO-1 630, Hs 888Lu, Lu65, and LX-1. These cel
lines were obtai madsérod3ults demonstrate that the RUNX3 gene has tumor

suppressor activity.
10
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
15 whether these cell lines produce RUNX3 mRNAs, by use of RT-PCR.
The gastric cancer cell lines used in this RT-PCR were SNUI,
SNUS5, SNU719, NUGC3, MKN1, MKN7, MKN28, MKN45, MKN74, AGS,
KatoIll, RF1l, RF48, and AZ521. The lung cancer cell lines were
NCI-H522, 86-2, Ab549%, 1LK79, LK87, LCSC#l, LCSC#2, NCI-H23,
20 NCI-H226, NCI-460, NCI-H322, Sg-19, NCI-H1915, NCI-H630, Hs
888Lu, Lu65, and ILxX-1. These cell lines were obtained from
the Korean Research Institute of Bioscience and Biotechnology
(KRIBB) . |
RT-PCR was conducted using two primer pairs, named PS-N
25 and PS-C (Fig. la). BAmong the gastric cancer cell lines, SNU5,
SNU16, SNU719, MKN1, MKN45, RF1, RF48, MKN7, and AZ521 were
found to produce RT-PCR products with expected sizes (1,080 bp
with the PS-N primer pair and 870 bp with the PS-C primer

15



t he Korean Research Institute of Bioscience and Bi ot echnol ogy (KRl BB)

RT- PCR was conducted using two prinmer pairs, named PS-N 25 and PS-C (Fig.
| a). Anong the gastric cancer cell lines, SNU5, SNUL6, SNU719, MKNL1,
MKNA5, RF1, RF48, MKN7, and AZ521 were found to produce RT-PCR products

W th expected sizes (1,080 bp with the PS-N prinmer pair and 870 bp with
the PS-C prinmer 15 Specification as at 09 06 3p6bficquan k) at 0AIWHRGAGHH MKN7
produced RT-PCR products in very small quantities (Fig. 6b). In contrast,
no RT-PCR products were obtained fromthe SNU1, NUGC3, MKN28, MKN74, AGS,
and Katolll cell lines when using either the PS-N priner pair or the PS-C

5 primer papair)l,n diidoagaevak7t E@oaﬁlémi CRNGRR GHldqukbtBesn LRe, @XRFesSsion
of the RUNX3 gene was found to be suppressed significantly inh the HS888Lu
cell |ine améerrdgigppret dFygi n6NCI - HR2@onhNChs,60no NET-MEE Qhrcandt Euabreel |

lines (see Eig.. 6c¢).. 10 Southern blotting analysis was used to verify that
t he R%—Pcﬁjggﬁﬁﬁﬁzgraﬂrgg%. [ﬁﬁig@GF%o 'céﬁﬂ76f Prer rOdKKegeRel (see
Fig. 6b, P SH)ineAddi Li {1 Y i i§d_GAat f (see~Fig. 6b
PEBP2( 3) aﬁ%‘gl(:"s-])alc’?teEg b 0 s‘-"ée“ff&?é? agigg EE%-%]ag’lé‘?ﬁﬁ? palt iRl BEPC T 9
cDNA st raandgrimes phserved, 15 indicating that the lack of anplification of

RUNX3 cDNAs in the gastric cancer cell |ines SNUL, NUGCS,.NKNZS, MKN74,
AGS, Katolll, NEP-HdD®, &3 460 NROE- H6@Dy ammcen65cehbh beinesttribeated to

Fow | evel s SR - AR PIBACCTEo SN | HE VIR End Lo BB LB P nes
result fromsididfliedhtly in the HS888Lu cell line and completely in NCI-
H226, NCI-460, NCI-H630, and Lu65 cell lines (see Fig. 6c).

10 Southern blbtting analysis was used to verify that the
RT-PCR products were amplified from the cDNA of the RUNX3 gene
(see Fig. 6b, PS-3 ST). Additionally, the amplification of
PEBP2B (see Fig. 6b PEBP2B) and B-actin cDNAs (see Fig. 6b, B-
actin) from identical first cDNA strands was observed,

15 indicating that the lack of amplification of RUNX3 cDNAs in
the gastric cancer cell lines SNUl, NUGC3, MKN28, MKN74, AGS,
KatoIII, NCI-H226, NCI-460, NCI-H630, and ILu65 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

20 in the MKN7 and Hs888Lu cell lines result from the low
expression levels of the RUNX3 gene in the cell lines.

The above results show that the RUNX3 gene is remarkably
or completely suppressed in about 47% of the gastric cancer
cell lines and about 30% of the lung cancer cell lines.

25 Therefore, the suppression of the RUNX3 gene expression can be
an important diagnostic index in about 47% of gastric cancer
cells and about 30% of lung cancer cells (in about 37% of the

total number of gastric and lung cancer cell lines we
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expression levels of the RUNX3 gene in the cell |lines. The above results
show that the RUNX3 gene is remarkably or conpletely suppressed in about
47% of the gastric cancer «cell |ines and about 30% of the |ung cancer cel
lines. 25 Therefore, the suppression of the RUNX3 gene expression can be
an inportant diagnostic index in about 47% of gastric cancer cells and
about 30% of |ung cancer cells (in about 37% oBpéchficatibaedt 000612605 of
gastric and lung cancer cell lines we 16 Specification as at 09 06 2005
exam ned). Mutation analysis of the RUNX3 gene in cancer cell lines was
performed using all exons of the RUNX3 gene, anplified 5 from various
cancer cellekdmigeq)No point nutation affecting the am no acid sequence was
found. These results led to the conclusion that cancer cell lines in which
t he expression of the RUNX3 gene was not detected contain a normal RUNX3
gene, but do not express it. To determ_ne whether the suppression 10 of
the RUNX3 gene ei’jb‘?:égé?rbrﬁr@&ﬁsbé at t T RNt SPINAD FBRRGT 851dn 1infe

correl ation, tﬁﬁ%ﬁb L j1QN h Rgué ggg t gy
hyper net hyl a‘%leon 0 ﬁ(%g ﬁ}s%qg d?lgt %&E E\onfear EN%%{%X n 1t V\hagn?l&r%ﬁzed
t hr ough genbirirc ONA cGeUtdaicer ReQllt iIAgedSi R pOShE | Ghiti@NZaMRELSAgSi tive

to DNA 15 net hyl ation. Genomic DNAs isolated fromcancer cell lines were
separ at el y Ereaidanachdr severds dinserfppnds whhepe aresuliivabled to the

eyt o o0 ER AN ATENIES LR acs itk ol BN epbectite o

Smal , whi chrganmatxdigest waBt Ayt abededMNy ndaBankl noWRCRBBER gene,
but do not express it. To determine whether the -suppression
10 of the RUNX3 gene expression can be attributed to DNA
‘methylation, the correlation between the expression of the
RUNX3 gene and the hypermethylation of CpG islands at 1loci
near RUNX3 exon 1 was analyzed through genomic DNA Southern
blotting using restriction enzymes sensitive to DNA
15 methylation. Genomic DNAs isolated from cancer cell 1lines
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,
20 Smal, which cannot digest methylated DNA, and BamHl, which can
digest DNA irrespective of its methylation, were used. The
DNA was specifically protected from Smal digestion in the
gastric cancer cell lines whose RUNX3 gene expression was not
detected, that is, the SNUL, NUGC3, MKN28, MKN74, AGS, and
25 FKatolIl cell lines. The MKN7 cell line in which the
expression level was very low showed a partially methylated
pattern (see Fig. 7b). These results suggest that the

expression of the RUNX3 gene is closely correlated with DNA
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digest DNA irrespective of its nmethylation, were used. The DNA was
specifically protected from Smal digestion in the gastric cancer cell

| i nes whose RUNX3 gene expression was not detected, that is, the SNUL,
NUGC3, MKN28, MKN74, AGS, and 25 Katolll cell lines. The MKN7 cell line in
whi ch the expression |evel was very | ow showed a partially nethyl ated

pattern (see Fig. 7b). These results suggest t BpécifidaEon 8Xa099%i20050f the
RUNX3 gene is closely correlated with DNA 17 Specification as at 09 06

2005 nethylation at loci near RUNX3 exon 1 in cancer cell lines. To
exam ne further whether DNA nethyl ation causes RUNX3 gene silencing, the

influence ohethyPhA SR 1bEANSELF 28X 35k PiLOEARY. &M ST pe deacet yl ase
i nhibitor on the reactivation of RUNX3 gene expression was anal yzed.

5-aza- 3- deoxycytidine (AZA, 300 nM and trichostatin A (TSA, 1 MM were
used as DNA net \r;wypl ase and histone deacetyl ase inhibitors, respectively.

Upon treatnent wPhSERMHE THEhORAWREtR: HNA mehbydabien iGasERt BENE? t he

hi st one dea(feegeyl isnhi bi , essi o h 3 gene_was
i nduced (see Fi g;?f%%él Hesggé esaﬁggﬁﬁgérmﬁosﬁ r aglt g@%aﬁegﬁ%@%& ?ﬁae?%yl ation
of CpG issl andsbatokochnfeat exartdndf HbBecRAIVE3egen@hibitsLspemsi bhe for

the suppression of RUNX3 gene expression in 15 about 37% of the cancer
cel |'s. Thi sre9adarat ol iiNeGE: g@enet pupreafions weapabkbyasid.pr dmezang—t he

reactivatio f the RUng en a ﬁe devel oped froml%;lA t hy] transferase
i nhibitors %ro yﬁ?/g%%h%e d %zé;gt ?%(gegﬁ“ hF”B‘?t %F%glé‘ﬁ%ﬁ}s‘éld s”goﬁ’t'i cantdy
: y ! (
agents. 20 wAaeok@kbAdad C)Dbiph%}eﬁh$§§§é Al 8AktORe dRIRLIRSe idiEbiREPduct oOf
the RUNX3 gene is involved in TG (31-dependent
respectively. Upon  treatment with either the DNA
10 methyltransferase inhibitor or the Thistone deacetylase
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 is
responsible for the suppression of RUNX3 gene expression in
15  about 37% of the cancer cells. This result 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.

20 According to the present invention, therefore, the
product of the RUNX3 gene 1is involved in TGF-Pl-dependent
apoptosis and shows tumor suppressor activity. The expression
of the RUNX3 gene 1is suppressed in a substantial portion of
the cancer cells by the hyper-methylation of CpG islands at

25 loci near exon 1 of the gene.

In a further aspect of the present invention, expression

vectors are provided that are capable of expressing RUNX3 cDNA,
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apoptosis and shows tunor suppressor activity. The expression of the RUNX3
gene is suppressed in a substantial portion of the cancer cells by the
hyper - met hyl ati on of CpG islands at 25 loci near exon 1 of the gene. In a
further aspect of the present invention, expression vectors are provided
that are capable of expressing RUNX3 cDNA, 18 Specification as at 09 06
2005 and pharnaceutical conpositions are provisgegdfitaiah ac@mOcIV0s pr ot ei ns
of the genes as pharmaceutically effective ingredients. The pharnmaceuti cal
conpositions of the present invention 5 can be used for the diagnosis,
prophyl axis, and treatnment of the diseases attributed to abnormal

TGF- ( 3- dependent . apopt 0si.S i ncl udi astric _and.lung, capcers. As the
pharnaceuti%%fl?h% S E N f@ﬁpgﬁgg? RS FEBN#?‘&UN&@ RNA™PSHSPr ot ei ns

produced thergfdiam mayr betHged. genkd EXPE €S$inapny¥esials1§aPall &t i ve
expressing the RUNX3 gene are preferable because they can produce RUNX3

proteins comteddeunssy if they are injected. Wiere a pharnaceuti cal
conposition conprising such an expressiqgn vector is injected into a

bi o-tissue via F TharE RERHCUEAGE €, CTIROBLIORT B TCaRT e85 oER T RONXS.
hat 155 theRAXGaenel dae H0eRshls, ';%g)ﬁgiggié” MYy yraeﬁ‘l%,hl?nofem or

anchoring the RUNX3 gene can as a Freceuti cal ectrve

i ngredi ent e alisphaesgBseutick@bdCoAPASIdiRN TOF-MSRdeRdesPedRRaRY; -
Adm ni stratjon of the RUNX3 cDNA of the present 20 invention and/or the

RUNX3 RNA oflGlveipgngestsiist epfl pintdweagersher efrom may take an oral or a

parent er al routeRSMAEﬁg pharmaceutically effective ingredients, RUNX3

¢DNA, 'RUNX3 RNA, or proteins produced therefrom may be used,
10 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 via a parenteral route, the bio-tissue can
15  produce RUNX3. 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.
Administration of the RUNX3 <cDNA of the present
20 invention and/or the RUNX3 RNA or the RUNX3 protein produced
therefrom may take an oral or a parenteral route, with
preference for parenteral injection.
The expression vector comprising the RUNX3 gene or the
RUNX3 protein produced therefrom may be administered in
25 wvarious oral or parenteral dosage forms. For the formulation
of the pharmaceutically useful ingredient, diluents,
expedients, and/or carriers, such as fillers, thickeners,

binders, wetting agents, disintegrating agents, surfactants,
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preference for parenteral injection. The expression vector conprising the
RUNX3 gene or the RUNX3 protein produced therefrommy be adm nistered in
25 various oral or parenteral dosage forns. For the fornulation of the
pharmaceutical ly useful ingredient, diluents, expedients, and/or carriers,
such as fillers, thickeners, binders, wetting agents, disintegrating
agents, surfactants, 19 Specification as at 09p&&ic2fi&bas #100.06 208y be used.
Solid fornmulations for oral admnistration mnmay be formed into pills,

tabl ets, powders, granules, capsules, etc. These solid fornmulations may
conprise at | east one expedient, such as starch, cal cium carbonate,

sucrose, |agiOsemay g8l @dd) abeiqg! Aokl 8 tA, Sk e, '31%%&%2%,%
| ubricants such a5 nmagnesium stearate and talc nay be US€d. L|qU|dI1
fornul ati o=y ¢re doaheddiritni pilas) orabiry shepewdiml,i Giregubys, Lapranss ons,
internal solutions, emulsions, syrups, etc. These liquid formulations may
conprise vatius SN5SEi eitldd fEprmdagikans| eayweaampngsag@tt sleateetrmer s,

odor ant s, er ives,.as well_-as sinpl,e diluents such_as water,

li quid par %er‘?%gﬁ'c. gl%ﬂar?%’! SEBFF SPARTE g_%éb‘?r}?rtepa?‘é?ﬂf%sreal lactose,

adm ni stor atgedratiing! wde. st efr | £3RGUSAUS oS A il ANSxpBe s RAUEOUF, i 8QhHL | ONs,
suspensi ons, enul sions, freeze-dried agents, and ES suppositories. For the
formati on ofudioraaqiiesuesisyl usteonster aslispebsi nag, beegeteabl e oibsigduch as

Poly0rOBY S BlERlns, DOV DB LIESL TS e Sl PR
supposi t or i%pen‘é’iéﬁ@,smint@rﬁ'éﬁgogolﬂ_ ,6Lenfi@cag, ol | ’S))r%BEi Ngg.and 20
gl ycerogelatin may be used. In order to help the absorpti‘on’ of
These ligquid formulations may comprise various .expedients, for
10  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-agueous
solutions, suspensions, emulsions, freeze-dried agents, and
15 suppositories. For the formation of non-aqueous solutions or
suspensions, vegetable oils such as polypropylene glycel,
polyethylene glycol, and olive oil, and an injectable ester
such as ethyloleate may be used. As bases of suppositories,
witepsol, microgol, Tween 61, cacao oil, lauringe, and
20 glycerogelatin may be used. In order to help the absorption of
the pharmaceutically useful ingredient into cells, liposomal
dosage forms may be used.
The therapeutically effective dose of the
pharmaceutically effecfive ingredients is within the range of
25 0.002 to 1 mg/kg of body weight and preferably within the
range of 0.02 to 0.2 mg/kg of body weight for RUNX3 cDNA,
within the range of 0.001 to 0.5 mg/kg of body weight and
preferably within the range of 0.01 to 0.1 mg/kg of body

20



the pharnaceutically useful ingredient into cells, |iposomal dosage forms
may be used. The therapeutically effective dose of the pharnmaceutically
effective ingredients is within the range of 25 0.002 to 1 ng/kg of body
wei ght and preferably within the range of 0.02 to 0.2 ng/kg of body wei ght
for RUNX3 cDNA, wthin the range of 0.001 to 0.5 ng/kg of body wei ght and
preferabl y within the range of 0.01 to 0.1 nuy/ Kgedficabioflys at20 06-2005---- - - -
R Specification as at 09 06 2005 weight for RUNX3 RNA, and
mnthln the range 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. 5 1In accordance with a

furt her asnecio! sbhecpiesatin LAeNiLoN, Hace phothE RUPS Osng and 1 ts

proteins i eve opnent  of ant I cancer” Sgent € and

cancers aralcprpﬂeﬂﬁ@bl@ss wdeBeni bpd abaye, orhe RUNG3 yelﬂ@n@gf éflebsaﬁsent
10 invention shows excel |l ent tunor suppressor act|V|ty and 1s

|nd|spensabﬁ@gmﬁrﬂﬂ&£%¥ﬁ3}$ﬁé@@hdent apoptosis. The 'expression of RUNX3
i's suppressed in about 47% of gastric cancer cell [lines and about 30% of
| ung cancer cell lines (in about 37% of the total nunber of gastrlc and

| ung canger ceIIIhlQﬁ%kmdbﬁcé5mﬁQﬂFtaOQmIEﬂérs%ﬁgﬁﬁgﬁkg? @%G |s|ang€ne

expression is attributed to abnornmal DNA net hyl
| ocated atinwsgitinear usgenof dfhet RINRINXGergenend Filts hprotdireat irenthewi th a

DNA net hyl ase inhi bitor_or a histone deacetylase inhibitor can induce the
expr essi on velogm g&ﬁm%fg%gﬁgcancer agents and the diagnosis of cancers

are provided.
As described above, the RUNX3 gene -of the present
10 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). In
15 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
inhibitor can induce the expression of the RUNX3 gene.
20 Therefore, the RUNX3 gene of the present invention and
proteins produced therefrom can be utilized in developing not
only anticancer agents, but also diagnostic methods for
detecting cancers, in which abnormal DNA methylation of CpG
islands at the loci near exon 1 of the RUNX3 gene is measured.
25 Based on the facts presented in the present invention,
pharmaceutical compositions comprising materials capable of
regulating the methylation of a nucleotide sequence that

includes CpG islands near RUNX3 exon 1 can be provided for the
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20 Therefore, the RUNX3 gene of the present invention and proteins
produced therefromcan be utilized in devel oping not only anticancer
agents, but also diagnostic nmethods for detecting cancers, in which
abnormal DNA nethylation of CpG islands at the |oci near exon 1 of the
RUNX3 gene is neasured. 25 Based on the facts presented in the present
invention, pharmaceutical conpositions conpri Shagfidsberd alos oeapabl e of
regul ating the nethylation of a nucl eoti de sequence that includes CpG

i sl ands near RUNX3 exon 1 can be provided for the 21 Specification as at
09 06 2005 prophylaxis and treatnent of cancers as pharnmaceutically

effective ingsadignts. #drethedihs: digan ﬁh@&&a%%erfaggﬁﬁé@e%%szf b

y
detecting the néthylation of the nucl eotide sequence cont ai ni ng G
i sl ands pr esErectigar imxariiends. t he RUNX3 gene conprises the steps of:

isolating genomic DNA froma tunor tissue of a subject; digesting the
genomi ¢ DNA wit h2a meshpfict £8R efdggRosidensicengers o ehavarseryredi oy 10

separati ng m i : an .agar,ose gel, by. .el ectrophoresis
and transf eé%r%%?ﬁemctg%\lé @é%?éﬁg; %ﬁ;‘b?ﬁ'h i zi %%cjﬁo\e&l&%norﬁe@u C di gests

with a rsadi edrateehety DNAG pi ohehdsOpriebenRUNSS- 08 1ansk exrROIURG 3t Bengenbr ane
to afilmto detect the expression 15 of the RUNX3 gene. |In accordance

Wi t h anot heforEyisapnere sdepshef present  invention, a nethod for di agnosing

ncer rises the steps of: ,
cancers conp 1soTat1ng'%enom£c DNA from a tumor tissue of a subject;

digesting the genomic DNA with a restriction enzyme

sensitive to DNA methylation;
10 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 expression
15 of the RUNX3 gene.

In accordance with another embodiment of the present
invention, a method for diagnosing cancers comprises the steps
of:

Isolating genomic DNA from blood or a tumor tissue of a

20 subject;

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

performing a polymerase chain reaction (PCR) with the
genomic DNA digests serving as templates and with parts of the

25 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

of interest.
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| sol ati ng genomic DNA from blood or a tunor tissue of a 20 subject;
digesting the genomc DNA with a restriction enzyne sensitive to DNA

met hyl ati on; perform ng a polynmerase chain reaction (PCR) with the genonmc
DNA di gests serving as tenplates and with parts of the 25 nucleotide
sequence of SEQ ID. NO 3 serving as priners; separating the PCR products
on an agarose gel by electrophoresis to detecBpédficatiophd 406862005 of a DNA
sequence of interest. 22 Specification as at 09 06 2005 The di agnostic
met hod using PCR is based on the principle that PCR products are obtained
if the DNA region of interest is nethylated; otherw se, the products are

not obtained. 5ghp a ) | stid:l fupkher. aspect of the_present
he BQLAuIANge Wiblhds Stiding! UBLRET; 4SREALAOT ohNeLRL

invention, a biological mcrochip for use i cancer diagnosis 1s provided,
whi ch conprpsigscial pathaf PCheHddX8s CINA EEQinkd. if Ndhe IDNH HRGOLEI B8
produced therefrom GCenerally, a biological mcrochip for the diagnosis of
10 di seasest'iiiceh i &S bdmyﬁﬁtﬁﬂi ncitheadyise, ndihecubPaeditted ogye andt

el ectroni c gngil e ring, has tens to tens of thousands of DNAs or proteins
integrated on a snall chip. Thanks to the high level of integration, the

bi ol ogi @al ni croghi peesridre Wsed 4 &tsaar ehrfidr alsgeeasts hupdredscgf genes
or proteins 15 within a short period of tinme. Therefore, the biol ogl cal

chip can bEvgédono pebpickagizadenichodiap novelusgenescancdn disggoesse

di seases vepy rapidly and simply,;Gompared to.cqnventional A seo. 1o.
NO: 1 or proteins produced therefrom.

Generally, a biological microchip for the diagnosis of

10 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

15 within a short period of time. Therefore, the biological chip

can be used to perform a search for novel genes or to diagnose

diseases very rapidly and simply, compared to conventional

bioengineering techniques. Biological chips can be classified

into oligonucleotide chips and cDNA chips according to the

20 genetic materials integrated thereon, and they c¢an be

fabricated according to use, for example, genes to be searched,

diseases to be diagnosed, etc. Microchips using parts of the

RUNX3 cDNA nucleotide sequence or antibodies against proteins

produced from the RUNX3 ¢DNA fragments can be used for the

25 diagnosis of various cancers, including gastric and lung

cancers.
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bi oengi neering techni ques. Biological chips can be classified into

ol i gonucl eoti de chi ps and cDNA chi ps according to the 20 genetic materials
integrated thereon, and they can be fabricated according to use, for
exanpl e, genes to be searched, diseases to be diagnosed, etc. M crochips
using parts of the RUNX3 cDNA nucl eotide sequence or anti bodi es agai nst
proteins produced fromthe RUNX3 cDNA fragnmenSpecifivatibeads®d 06@00% he 25

di agnosi s of various cancers, . including gastric and lung cancers. 23
Specification as at 09 06 2005 EXPLES A better understanding of the
present invention may be obtained in light of the foll ow ng exanpl es which
are set 5 forth to illustrate, but arﬁﬁéﬁgggg be construed to limt, the
present invention. EXAMPLE 1. Establis t he SNU16- Rx3- AS and

MRN28- Rx3 Cell Strains 10 To elucidate the function of the RUNX3 gene in
vivo, cell strains capable of over-expressing a sense RUNX3 gene and an
anti sense RUNX3 §ehEtiereurdersiansiag &5 ftoel pwssens invertdost magt ben of
expressi on i.d vectors containin ense and_anti sepse RUNX3 genes The
human RUNXéﬂggﬁghgl6ﬁédfﬁ%“ih8%pF@§e CﬂﬁﬁVéﬂ?oF?aWﬁieiQ§§L%Ba§r§tE%?.,

Gene, 1%9 (2r2%02481udO%e, CBNA QHCIRAL itdeneSEGYANGRACRBBRANK; AACGESSI ON
No. Z35278) was used to construct 20 plasm d vectors capabl e of expressing
RUNX3. The m@Mansf inhentiRUNX3 gene has the nucl eotide sequence SEQ |ID. NO
1 with an

EXAMPLE 1: Establishment of the SNU16-Rx3-AS and MKN28-Rx3
- Cell Strains

10

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

an antisense RUNX3 gene were established as follows.

15 1-1 Construction of expression plasmid wvectors containing

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; cDNA nucleotide

sequence GenBank Accession No. 235278) was used to construct

20 plasmid vectors capable of expressing RUNX3. The cDNA of the

RUNX3 gene has the nucleotide sequence SEQ. ID. NO: 1 with an

open reading frame ranging from the translation start codon to

the translation stop codon, which encodes a polypeptide

consisting of 415 amino acids whose putative amino acid

25 sequence is SEQ. ID. NO: 2 (Figs. la to lc). A DNA fragment

comprising CpG islands present in the vicinity of exon 1 of

the RUNX3 gene has the nucleotide sequence SEQ. ID. NO: 3
(Figs. 2a and 2b).
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open reading frame ranging fromthe translation start codon to the
transl ati on stop codon, which encodes a pol ypeptide consisting of 415
am no aci ds whose putative amno acid 25 sequence is SEQ ID. NO 2 (Figs.
la to 1c). A DNA fragnent conprising CpGislands present in the vicinity
of exon 1 of the RUNX3 gene has the nucl eotide sequence SEQ ID. NO 3
(Figs. 2a and 2b). 24 Specification as at 09 06pa2@fifatién 25 @44 0bp0BRNMH  DNA
fragnent (Fig. la) conprising a coding region out of the cDNA of the RUNX3
gene SEQ ID. NO 1 was inserted in the sense direction into a pEF-BGOS
vector (M zushima et al., Nucleic Acids Res., 18(17):5322, 1990) at 5 an
Xbal site to congatruolga Gy laa%me' vegtgr, 2gpSC-Rx&
whi ch expresses a sense RUNX3 gelngj.ﬁASFe)%ar at gicy,e((ﬁtiﬁe I%%ﬂlxw%gg%ﬁﬁ& S Inserted
in the antiowhsy rdgiactdusncifntbe acPBEFoBOBhe eRUNKS ananskhaliosi Ne: tD
construct a reconbinant, vector, named pEF-BOS-Rx3-AS: 10 1-2 Stable
transf ect i OfFSThESHEER -V etl®r SFRES BESI RIBLOTL sl | 3haFFrROEX HRpFer 1- 1,
and pcDNA3. &s: whi.ch_ cont ai ns | i mar ker Ver. coztransfected
12%5919&1 Qg Gl ﬁ%%&cs%c%g %%g( GE%&%7)\|’3\%E%2HEERE)OQ) a%t

into the MKN28 strain by the ect am ne

speci fi & ban thaImsiutacd Ueeist MA28 rdeaf Rinte RIAGRN® Usd At @ Phessd RUNX3.
Stabl e transfectants that harbored pEF-BOS-Rx3 (sense RUNX3 RNA) were

sel ect ed i rPEEREOSpReZetd chf ex@uBssephe MINX8 REINKZi gemsrer expr essi ng sense
RUNX3 RNA was naged N§8-Rx§ ag@wgfp ited with the Korean 20 .Col |l ection
for Type Cul tur eg%?a]%fﬁre 4" RE88a r?gjf\]ht hee Jd?serte% in the antisense
direction into a pEF-BOS vector at an Xbal site to construct a
recombinant vector, named pEF-BOS-Rx3-AS.
10

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

15 (Gibco BRL) method as specified by the 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 deposited with the Korean

20 Collection for Type Culture of Korea Research Institute of

Bioscience and Biotechnology (KRIBB) under the deposition No.
KCTC 0933BP on Jan. 9, 2001.

The strains capable of expressing the antisense RUNX3

gene were established by co-transfecting the plasmid vector

25 pEF-BOS-Rx3-AS along with pcDNA3.1l, which contains a selection

marker, into the SNU16 strain, a gastric cancer cell line (Kim

et al., J. Natl. Cancer Inst., 8(13):938-943, 1991) that has

an inactivated p53 gene and a normal TGF-B signaling system
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Bi osci ence and Bi ot echnol ogy (KRI BB) under the deposition No. KCTC 0933BP
on Jan. 9, 2001. The strains capable of expressing the antisense RUNX3

gene were established by co-transfecting the plasm d vector 25

pEF- BOS- Rx3- AS al ong with pcDNA3. 1, which contains a selection marker, into
the SNU16 strain, a gastric cancer cell line (Kim et al., J. Natl. Cancer
Inst., 8(13):938-943, 1991) that has an inact Syaifedtipna goeae€cants a nor nal
TG-- (3 signaling system 25 Specification as at 09 06 2005 (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 excessipaly c@xpnesspréde \ntli. serss. RINK3 gens. (0 Sejlec(tllov%fmﬂh' bi t
the expression 5 of the RUNX3 gene were named SNUL6- RX3-AS-¢cl |

SNU16- Rx3- $¥86139% hd dépalsie edranstfiect Art Kovesan dBdlalieeti bn floe Egmee

Cul ture of KRIBB under the d%gom tion_Nos. KCTC 0934BP and_ KCTC 0935BP on
Jan. 9, 200F"°Er 2EoREYFson, BcﬁfﬁﬁﬁﬁﬁqﬁigtFr5H§?e€¥%ﬁﬁ%ﬂW§%§ PﬁPEe&ﬁo SUNL16
and MKN28, i e

obt ai ned were %gie:g@%%%olﬁ%g gehﬁaﬁggeg(%ﬁ?r %{ﬂfgé (F)Q%%NZB 1-3
Nort her® blet t@ralRBXS Lendowdet enamae smﬁme3;m dlﬂalﬁﬂ‘de@\]@mBSR%NZB Rx3,
SNU16- Rx3-AS-cll, and SNU16- Rx3- AS-cl 2, established in Exanple 1-2,

express t héséide RONX3IGAR Lo & hanhes eKeBeaRUNRRL kratd.onn fiar §epe

vae pr epar 4 TFom ShcliaEr) BeRR wi S ERF i hG o g axelinasT Pt ba
(Sanbr ook etctal 0935k% egulian., 9, 2001.
For comparison, pcDNA3.l1l was transfected alone into
10 SUN16 and MKN28, which were cultured in the presence of G418.
The clones obtained were used as controls, named control-SNU16

and control-MKN28.

1-3 Northern blot analysis

15 To determine whether the transfectants MKN28-Rx3, SNU16-
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.

Total cellular RNA was prepared from each cell strain

20 according to a standard method (Sambrook et al., Molecular
Clening, a laboratory manual, 2™ Ed., 1988, Cold Spring Harbor
Laboratory). Five micrograms of each RNA preparation was
separated on a 1.2% formaldehyde/agarose gel by
electrophoresis and transferred onto a Hybond-N* nylon

25 membrane (Amersham). The RUNX3 cDNA of SEQ. ID. NO: 1 (Bae et
al., Gene, 159 (2):245-248, 1995) was labeled with [0—?P]dCTP
for use as a probe for blotting analysis. Hybridization was

conducted by incubating the Hybond-N' nylon membrane and the
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Cloning, a |laboratory nmanual, 2nd Ed., 1988, Cold Spring Harbor
Laboratory). Five mcrograns of each RNA preparation was separated on a

1. 2% f or mal dehyde/ agarose gel by electrophoresis and transferred onto a
Hybond- N nylon 25 nmenbrane (Amersham. The RUNX3 cDNA of SEQ ID. NO 1
(Bae et al., Gene, 159 (2):245-248, 1995) was | abeled with [a-32P] dCTP
for use as a probe for blotting anal ysis. Hybr Spécifitatiomasa$99 06@fdiict ed by

i ncubating the Hybond-N nylon nenbrane and the 26 Specification as at 09
06 2005 radiol abel ed RUNX3 DNA probe at 65C for 16 hours in 5x Denhardt's
sol ution conprising 5x SSPE, 0.5% SDS and 100 ng/m of sal non sperm

A teruar 05, 119,196k 98 MREEANeNAS YBShOd, Lahce it 2, SSPEI 0,10 SO

solution at roomtenperature for 5 m n an WicCeE W 0. 1% SDS
sol uti on atDgBErHofs d&lutiion Theprieniwase B6EE.eXPGSedD$ carkDdal X4Rnb fil m
for 16 hours at -70C to yield an autoradi ogram On the autoradi ogram

obt ai ned f rom PHEMKNPSIR 3 dtfiterHards sthgyl ey bahdiswesapps¥pdedaabed

posi tion cl ase.d qikhab, 0bshBsh 40 A o erh Ly 00 Lhg, xpresshen. of L he

RUNX3 cDNA in the strain. [n cohtr
SNUL6- R63- Al it &Rl Swicdhi£ih hankossbReo and iense1 RUNGE sDONsecwese found

to give antisense RUNX3 gene transcripts of various sizes as detected by
nul ti pl e bahtstigh t H&weamenbsane gramn esipneseHe tookodat ->BBND6 FiSmsEeri b6 t he
expression of the eng enous, RUNX3 gene was not detected by Northern
blotting anXi¥Si 84(sELCFFY. YiBld pRafYtoradiegrpmpeat h Ef fect of TGF-(3 and

Rol e of the RUNX3n EraeadtbrhGhobSah e dGetlorPadhMRR28-Rx3 strain,
a single band was observed at a position close to that of -18S

10 RNA, verifying the expression of the RUNX3 c¢DNA in the strain.

In contrast, S8NU16-Rx3-AS-cll and SNU16-Rx3-AS-cl2 cells,

which harbor the antisense RUNX3 c¢DNA, were found to give

antisense RUNX3 gene transcripts of various sizes as detected

by multiple bands on the autoradiogram. In the control-SUN16

16 strain, the expression of the endogenous RUNX3 gene was not

detected by Northern blotting analysis (see Fig. 3).

EXaMPLE 2: Cell Death Effect of TGF-p and Role of the RUNX3
Gene In TGF-f-Induced Cell Death

2~1 Cell death effect of TGF-J

SNUl6 cells, which normally express the RUNX3 gene, and
SNU16-Rx3-AS-cll and SNU16-Rx3-AS-cl2 cells in which an
antisense RUNX3 cDNA is over-expressed to selectively inhibit

25 the expression of the normal RUNX3 gene, were individually
treated with TGF-B1 (1 ng/ml), after which viable cells were

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

da,
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2-1 Cell death effect of TGF-(3 SNUL6 cells, which normally express the

RUNX3 gene, and SNUl6-Rx3-AS-cll and SNUL6- Rx3-AS-cl 2 cells in which an
anti sense RUNX3 cDNA is over-expressed to selectively inhibit 25 the
expression of the normal RUNX3 gene, were individually treated with

TG (3l (1 ng/m), after which viable cells were counted over a period of
time. The results are shown in Fig. 4a. 27 - Specification as at 09062085 - - - - -
Specification as at 09 06 2005 As seen in Fig. 4a, the TG-R treatnent

i nduced cell death in SNUl16 cells. Al.nost all SNU16 cells were killed
within 2 days after treatnment with TG 01 at a concentration of 1 ng/m

However, the SNU AS: cl ceI I Ls, i se U
was excessively é)g(pr%grs}eant l:]lgel eet | \J?ie-1 lﬁ:ll :feﬁstﬁrg %xﬁp ES‘F%{ Nxfl t he
RUNX3 gene,destihe 110t Sikild egeliaf.t er Aum@@tt rraml \@NUMTGEiié%lweiF@e&Qll@@ul ts

suggest that the RUNX3 gene is involved in TG (31-induced cell death in
SNU16 cel Iwithig 2- 2aRel efoér RUNEmparte withTGRE(3L i @ uT ecoreenit rdeaeh.  Cel |'s

dying throu t he ogramed ce rev a di o attern
of DNA bana“gpv%hélﬁ ect Wgr’resgﬁedﬁﬁh& Bﬁéa‘&%scell ﬁlﬁtf WE“ Htkﬁ eat ed
with 1 mg/ dnchiGentd! rt@t: I RRYr %KCEQ§1%1W e@(}pr@%@@ tcﬁ%@c&@eﬂs cll,

and SNU16- Rx3- AS-cl2 strains were |ysed to’'isolate genom ¢ DNAs accordi ng

to a standardbitt Hde (émmrssobnetofalthe 19883 Mpbregul werel]l oot ngilaed

| aboratory manual, 2"d Ed. Cold Spri ng Har bor Laboratory, Cold
after treatment with TG —-B1.” These results suggest that the

RUNX3 gene is involved in TGF-Bl-induced cell death in SNU16

cells,

10

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

Cells dying through the programmed cell death pathway
reveal a distinct pattern of DNA bands when electrophoresed in
an agarose gel. After being treated with 1 ng/ml TGF-Pl for

16 6 hours, the control-SNU16, SNU16-Rx3~-AS-cll, and SNU1l6-Rx3-
AS-clZ strains were lysed to isolate genomic DNAs according to
a standard method (Sambrock et al., 1988, Molecular Cloning: a
laboratory manual, 2™ Ed. Cold Spring Harbor iaboratory, Cold
Spring Harbor, NY, USA}). 0.2 pug of each of the genomic DNA

20 preparations was electrophoresed on a 1.5% agarose gel and
visualized with ethidium bromide under UV light. The results
are given in Fig. 4b.

As seen in this figure, apparent programmed cell death-
specific apoptotic DNA bands were formed from the SNUl6 cells

25 treated with TGF-Bfl (fig 4b, lanes 1 and 2). No apoptotic
bands were observed in the DNA from SNUl6-Rx3-AS-cll and
SNU16-Rx3-AS-cl2 cells, both of which over-express the

antisense RNX3 gene, and therefore have a selective reduction
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Spring Harbor, NY, USA). 0.2 g of each of the genom c DNA 20 preparations
was el ectrophoresed on a 1.5% agarose gel and visualized with ethidium
.brom de under WV light. The results are given in Fig. 4b. As seen in this
figure, apparent progranmed cell death- specific apoptotic DNA bands were
formed fromthe SNU16 cells 25 treated with TG~ (3l (fig 4b, lanes 1 and
2). No apoptotic bands were observed in the DNApémipratiGNai6-OR08-2885 c11 and
SNU16- Rx3-AS-cl 2 cells, both of which over-express the antisense RNX3
gene, and therefore have a selective reduction 28 Specification as at 09
06 2005 in RUNX3 expression (fig 4b, lanes 3 to 6). W concluded from
these resuliis RUNXGE SPhLEGehl $fad &b, Kilbkhed PTG~ (31 stimuli through an
apoptotic pathway and that RUNX3 is required for the process. 5 ThMPLE 3:
Suppr essi ve Acti Vet ycapclRUNKXS fagai fbese Tumerlgenibat y SNU16 sckhbsnatbat
TGF-(err)I-f; uceg agogt sis is_a very 10 inportant nmechanism for

suppr essi ngttHhEDPEg et lorrtdiuhd r Fiicugbe PP sabeRientd o RAbRYa M 7Y kBBt nost  of
the factorsrinNkd he T&uddeq rBEMRY J1avweskunmor suppressor activity. The
RUNX3 gene was assayed for tunmor suppressor activity using nude mce, with
the expectation that an anticancer effect would be seen. 15 To this end,
the SNUL6- Rx3- AS-cl | _and SNUL6- Rx3-AS-cl12 strains, in which RUNX3 gene
expr essi on EXAMETFS ¢ 30| y SuppRessivey o REtiNAtYont Bl - RS ot Asjadngbs e
suspended g %049:- phate buffered saline (PBS) at a density of 3x107
cells/m, 2 8{'&?

It is known that TGF-Pl-induced apoptosis is a very

10 important mechanism for suppressing the progression of normal
cells toward cancer and that most of the factors in the TGF-§1
pathway have tumor suppressor activity. The RUNX3 gene was
assayed for tumor suppressor activity using nude mice, with
the expectation that an anticancer effect would be seen.

15 To this end, the SNU16-Rx3-AS-cll and SNUl6-Rx3-AS-cl2
strains, in which RUNX3 gene expression is selectively
inhibited and the control-SUN16 strain were suspended in 0.85%
phosphate buffered saline (PBS) at a density of 3x10’ cells/ml,
and 0.3 ml of each suspension was subcutaneously injected into

20 groups of nude mice. Separately, the MKN28-Rx3 strain that
shows over-expression of the sense RUNX3 RNA and the control-
MKN28 strain were suspended in 0.85% PBS at a density of 5x10’
cells/ml, and 0.3 ml of each suspension was subcutaneously
injected into other groups of nude mice. Each strain clone

26 was administered to 9 nude mice, which constituted one group.
The tumorigenicity of MKN28-Rx3 and control MKN-28 strains was
observed for 37 days after the injection. The tumorigenicity

of SNU16-Rx3-AS-cll, SNU16-Rx3-AS-cl2, and control-SNU16 cells
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and 0.3 m of each suspension was subcutaneously injected into 20 groups of
nude m-ce. Separately, the MKN28-Rx3 strain that shows over-expression of
the sense RUNX3 RNA and the control- MKN28 strain were suspended in 0.85%
PBS at a density of 5x107 cells/m, and 0.3 mM of each suspension was
subcut aneously injected into other groups of nude m ce. Each strain clone
25 was admi nistered to 9 nude mce, which consBpécificatoaeat9p08R005 The
tunmorigenicity of MKN28-Rx3 and control MKN-28 strains was observed for 37
days after the injection. The tunorigenicity of SNU16-Rx3-AS-cll,
SNU16- Rx3- AS-cl 2, and control -SNU16 cells 29 Specification as at 09 06

2005 was ?Q¥%tﬂg d fan %%rq%%§.%§§£j ngD&Qﬁgﬁ #éﬁgg t%%ko%%rgggg gancer ous

masses tha rnea were perioalc Yy nmeasur elrr xternal "srzes. On

the final deysceridhe Mage¥erBatSEokindd CRErsOpeXCoSR41Ne GRASEFOUSFARSSES
for conparison. 5 It was observed that tunors devel oped at higher rates in

t he ni ce i nERpithi extermalSNeiBRx3- AB ctheorfinhd SNYSG- RY® ABice 1Recel | s
wer e injectqg t.han thg m.ce in%o whi ch the control. SNUL6 cells were
i nj ected, a3 %ﬁ#ﬁ%ﬁepn FiGCIBE, T FECEFPUS RFRES: §BE TRINRELSPBrmed in the

control 5SNUL6 celgy- Bk egtLd-v10 GhotPLYRLS RASIERM b H%ﬁ@P I85! fnvol ume

at the final day. 1In contrast, cancerous nmasses of the groups into which
SNU16- Rx3-#g ahicearitht SNl HciRxBraASNIIE-RRBeASHjl4cC oad tiver BNDEGRM3edsat
1,600 mB in volunme, twice as |arge as those of the control group.

Ni nety- ei ghtldaysHlar ferer ABIPRTRE L TR §$ﬁeH@&ﬁcéPB%sWHEFHn£§§e§IW%§@lexcised
fromthe m&grand.oagpgeed 10:006AN0de 0 NG GAREegUs MRSSESLrom the

experinmental group were renm Y larger than th romthe conifol
group, as sea&iterous masses formed in the -control SNUl6 cell-injected

10 group were measured to be 800 mm® in volume at the final day.
In contrast, cancerous masses of the groups into which SNUl6-
Rx3-AS-cll and SNU16-Rx3-AS-cl2 were injected 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

15 masses were excised from the mice and compared to one another.
The cancerous masses from the experimental group were
remarkably larger than those from the control group, as seen
in Fig. 5c.

MENZ28~-Rx3 cells, 1in which the sense RUNX3 gene is

20 expressed, and control MKN28 cells were also assayed for tumor
suppressor activity using nude mice in the same manner as was
used for the SNUl6é 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.

25 5b. In detail, the cancerous masses of the control group were
measured at 600 mm® in volume on the final day. In contrast,
the cancerous masses of the MKN28-Rx3-injected experimental

group were found to be as small as 250 mm’, demonstrating that
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in Fig. 5c. MKN28-Rx3 cells, in which the sense RUNX3 gene is 20
expressed, and control MKN28 cells were al so assayed for tunor suppressor
activity using nude mce in the sane manner as was used for the SNU16
cells. Mce injected with MKN28-Rx3 cells exhibited significantly reduced
tunori genesis conpared to the mce injected with the control MN28 cel | s,
as shown in Fig. 25 5b. In detail, the cancer odgcirsdmsasaf 03 6@2eWnt r ol
group were neasured at 600 mMB in vol une on the final day. In contrast,

t he cancerous masses of the MKN28-Rx3-injected experinental group were
found to be as small as 250 nmB, denonstrating that 30 Specification as at
09 06 2005 thdetinsorgsswiM NiaasréRbese thybys 8% rHiRL Baa%y%f%é%efchéhe

i njection, the cancerous nasses were excised fromthe mcCe and conpared to
one anot her injRtigancthe usanmeoes Bxesese defcroaxcidrel IIKNR BE lix 3riicrej eatied

experi nment aI rou re macro ically 5 smaller than those excised from
the control ﬂﬁ%ﬁfﬁpd( \I%eg scgf‘ﬁEen tT@&etq’?é‘Fer?‘lﬁ%s’éa?%%ﬁJIQ’?%@ﬁoﬁé‘?ﬁnate
that the RU[}Q@MIg@@eRgg.srg legS %13& c Y, 4 sis of
t he Expression Pattern 021% he I%U%)gé 1 &gﬁe%ﬁu}%a%ec%r %k&c%lﬁﬂ%¥

anal ysi s5 ThemaXgre ssaont lpsed exniséd tHhrenRUAKScgeneiwgsoanainigedseén, vari ous

cancer cell lines by RT-PCR Total RNAs were isolated 15 from 15 gastric
cancer cell i nesTaéfﬁH EW?%@&R@%? %féﬂqltﬁl Aegongidaisetint Wt KUNKAe
whet her the NAs The gastric cancer cells
used in thid &éér;\g{ ys%ds“%'S é’%%%%gor KU719, NUGC3, MKNL, MKN7, MKN28,

VKN45,

EXAMPLE 4:  Analysis of the Expression Pattern of the RUNX3
10 Gene in Cancer Cells

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

1  from 15 gastric cancer cell lines and 17 lung cancer cell

lines and used to determine whether these cell lines produce

RUNX3 mRNAs. The gastric cancer cells used in this analysis

were SNUl, SNU5, SNU719, NUGC3, MKN1, MKN7, MKN28, MKN45,

MKN74, AGS, KatoIlI, RF1, RF48, and AZ521. The lung cancer

20 cell lines were NCI-H522, B86-2, A549, 1K79, LK87, LCSC#1,

LCSC#2, NCI-H23, NCI-H226, NCI-460, NCI-H322, Sg-19, NCI-H1915,

NCI-H630, Hs 888L u, Lu65, and LX-1. All were obtained from

the Korean Collection for Type Culture 6f Korea Research
Institute of Bioscience and Biotechnology (KRIBB).

25 Total RNA was 1isolated from each cancer cell line,

according to a standardized single-step guanidium method

(Sambroock et al., Molecular Cloning: a laboratory manual, 2™

Ed., 1988, Cold Spring Harbor Laboratory). Using a
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MKN74, AGS, Katolll, RF1, RF48, and AzZ521. The lung cancer 20 cell lines
were NCI-H522, 86-2, A549, LK79, LK87, LCSC#1, LCSC#2, NC-H23, NC -H226,
NCI - 460, NCI -H322, Sg-19, NCI-H1915, NC -H630, Hs 888L u, Lu65, and LX-1.
Al'l were obtained from the Korean Collection for Type Culture of Korea
Research Institute of Bioscience and Bi otechnol ogy (KRIBB). 25 Total RNA
was isolated fromeach cancer cell line, acco$geciigation® 25090612005 zed

si ngl e-step guani dium nethod (Sanbrook et al., Mlecular Goning: a

| aboratory nmanual, 2nd Ed., 1988, Cold Spring Harbor Laboratory). Using a
31 Specification as at 09 06 2005 Superscript kit (G bco BRL) according to

t he manuf aC@dﬁ&rsc%.}i)’Pr QE@Cleb{:@Vkaﬁf BE%%mgptt'[an Mfa%t%grtg

prepare cDNA~ fromthe isolated total RNA wt serving as
primers. Basswbcoh,t hevelNA, ttanecRUDRDgene mfaﬁnédftCECbﬂépaBE PORto 5
det er m ne tP roduction of RUNX3 nRNA. For this RT-PCR two pairs of PCR
primers, 1T\CI’“E ePSS‘f\,la‘iﬁé%' &okpht s widy OM@%ﬁT%ﬁévéméﬁlﬁﬁr% set of

t he sense I NN the ant $ ri S: NB SEQ
ID. NO 5 gé set %Jlé 2h e’ ngl%e pr}%fréﬁ%ﬁg %%{ deﬁ% P%EB%%) the

anti sense pcuema;e Bﬁe@:cﬁﬁ@tlbﬁ) oNQRUNK3 mAnucb@Qt tEles segpences,9f these
two pairs of PCR r(ngrlmers wer e designed' on the basis of the cDNA

nucl eot i de Rdige B§R @Iﬂfémﬁ'{WSP%@heaTSE@S—ICD wWREe $v(thepized) . wkbch

[ CB ti d trol n
Che BT POR S SRPP TS (o0 O ofts LA Saber Aiart pEp Tk citcbeaBo( BT f Cars,

consi sting @faﬂd13:h‘ée%$1Q19éﬂ1é@rpﬂn\§5P§E@ sk, N@. &Aanag thg antihgegse
primer h-(33 SEQ ID. NO9, and a primer pair for (3-actin, consisting of
the sense pihensense primer PS-CA SEQ. ID. NO: 6 and the antisense primer
10 PS-CB SEQ. ID. NO: 7. The nucleotide sequences of these two
pairs of PCR primers were designed on the basis of 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 contrels in the RT-PCR. To amplify the controls, a

15 primer pair for PEBP2B/CBFB, consisting of the sense primer h-
BS SEQ. ID. NO: 8 and the antisense primer h-p3 SEQ. ID. NO:9,.
and a primer pair for P-actin, consisting of the sense primer
h-actin 5 SEQ. ID. NO: 10 and the antisense primer h-actin 3
SEQ. ID. NO: 11, were synthesized. Nucleotide sequences of

20 these primer pairs were designed on the basis of human PEBP2J
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-
denaturation of 50 pl of each PCR solution for 2 min and

25 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 ethidium
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h-actin 5 SEQ ID. NO 10 and the antisense priner h-actin 3 SEQ ID NO
11, were synthesized. Nucl eotide sequences of 20 these prinmer pairs were
desi gned on the basis of human PEBP2(err) cDNA and (err)-actin cDNA

nucl eoti de sequences. In a thermal cycler, such as "Mdel 9600"

manuf actured by Perkin-El mer Cetus, RT-PCR was started with a 95C pre-
denaturation of 50 | of each PCR solution for Spaifivadeicks2b02¢a6 20@®d out with
30 cycles of denaturing at 95C for 15 sec, annealing at 50C for 1 mn, and
extending at 72C for 1 min. After conpletion of the RT-PCR 5 (err)l of
the RT-PCR product was el ectrophoresed on a 1.2% agarose gel and dyed with

et hidium 3Zrcapeel Ebeadd2nvadidh (u6y¢0PRndbrom de for observation under
W light. Anong the gastric cancer cell |ines, SNU5, SNU16, SNU719, MKNL1,

MKNA5, RF1, RF48moMiNThe ayacktAZ52¢anessre dedilindites,provitse eSNRE, PERUPL®duUct s
wi th the expected sizesé1,080 bp with the PS 5 N prinmer pair and 870 bp
with the PSIE Ly MRYA O naREY, RidhRev MKNT, MMy AfS8duiese R0 4or GEQEEse i n very

smal | quanti iR, LN+ Fl RI- P duct s. .wer e opt ai ned
fromthe Swuf%%NB%%%ué{i\ﬁ%h E%Igefp%%&égoaﬁ%eﬁ(aqﬁdi%ﬁ %I‘fltl\i\fﬁcg‘g V\%en
using eigst hey drieePSpMiprameripabp with MeePBs & pidinR:y: pair). 1¢onavag, the 17

l'ung cancer_cell lines, expression of the RUNX3 gene was suppressed
si gni fi cantEN7 npxafucrds dGI-ECBelHrodhirhe and veowplsatedlly quantheidNGl - #1226,

Sout horn bIGIoahary S1€ - sBHt nolf BFGC miF Aar ) o= bad CHRete £E8 biver | fy
the anplifémati auces, t enEd; PGRPL 0dagd S SdLRANRA16DNA19f 156HEs when
using either the PS-N primer pair or the PS-C primer pair.
10 Among the 17 lung cancer cell lines, expression of the
RUNX3 gene was suppressed significantly in the HS888Lu cell
line and completely in the NCI-H226, NCI-460, NCI-H630, and

Lué5 cell lines, as shown in Fig. 6c.

15 4-2 DNA Southern blot analysis

Southern blotting analysis was conducted to verify the
amplification of the RT-PCR products from the cDNA of the
RUNX3 gene. The RT-PCR products were run on a 1.5% agarose
gel under an electric field and the separated DNA fragments

20 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
the Northern blotting analysis of Example 1-3, followed by
autoradiography on XAR~5 films. The results are given in Fig.

25  6b.

As apparent from the autoradiogram, the RT-PCR products

were amplified from the RUNX3 cDNA (PS-3 ST). In addition,

the amplification of PEBP2B and P-actin cDNAs from identical
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RUNX3 gene. The RT-PCR products were run on a 1.5% agarose gel under an
electric field and the separated DNA fragnents 20 were transferred onto a
Hybond- N nyl on nmenbrane. Using the 2,244 bp BanH fragnent of the RUNX3
cDNA as a probe, hybridization was conducted in the same nmanner as in the
Northern blotting analysis of Exanple 1-3, followed by autoradiography on
XAR-5 films. The results are given in Fig. 255 bificAsorappatens 2605om t he

aut oradi ogram the RT-PCR products were anplified fromthe RUNX3 cDNA
(PS-3 ST). In addition, the anplification of PEBP20 and (3-actin cDNAs
fromidentical 33 Specification as at 09 06 2005 first cDNA strands was

observed, ipgdigatd C nmp 3 gin the
gastric cancer cefﬁﬁlkﬁgén&$ Lﬁ$-§t%%§ea kﬁ%i&ﬂﬁﬂ%4tﬂkasyN§a%% i
NCl - H226, aapllifdgattamncef RIRIXB kDNRS, iMNGihed GRistNCE- Hodéhr aﬁdleﬁiﬁegan be 5

attributed to a | ack of exgression of the RUNX3 gene in those cell lines.
Li kewi se, t#&Y-0WUEVe| SEYL8t hMERTE POREDr obialealst /i NAINEZRAN7 2BAd 1 HBBBBLU

cell lines resuylt frﬂnt 8 dow pLESSI ‘NI:JJI %\égb;pg%}%h %#Nxé?ﬁ n%NXB 10

t hose cell I NESs. ronlt e Abov esults

gene is g engitabliye@r 6 dmMlRielar uppESSSAd I tABOHINAY %ofe ihhengastric
cancer cell lines and about 30% of the lung cancer cell |ines. Because

TGF-O-!ndpdéﬂiad09@93|sldbe8l$mu dec urow d@deﬁheOEUhh¢|3ﬁﬁﬁQE tprodfictancer
NS o BB A e YRR PRI, LUV he Supresst o o
of gastric &aneatich!1srandoabord RRMOGhdING: ¢RBEE LAl hSnkhD
From the above results, it is apparent that the RUNX3
10 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-P-induced apoptosis does not occur
and the tumorigenicity of cancer cells is increased in the
substantial absence of RUNX3, the suppression of RUNX3 gene
15 expression can be an important diagnostic index in about 47%
of gastric cancer cells and about 30% of lung cancer cells (in

about 37% of the total cancer cells examined).

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

20 RUNX3 Gene In Cancer Cell Lines

5-1 Analysis of DNA methylation by Southern blotting analysis

of genomic DNA

To determine whether the suppression of RUNX3 gene

25 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

genomic DNA Southern blotting using restriction enzymes

34



about 37% of the total cancer cells exam ned). MOLE 5: Analysis of DNA

Met hyl ati on Around Exon 1 of the 20 RUNX3 CGene In Cancer Cell Lines 5-1
Anal ysis of DNA nmethylation by Southern blotting analysis of genom c DNA
To determ ne whether the suppression of RUNX3 gene 25 expression was
caused by DNA nethyl ation, correl ation between the expression of the RUNX3
gene and the hypernethylation of CpG islands Specifaiiomssaat 0RUNXB0exon 1 was
anal yzed through genom c DNA Southern blotting using restriction enzynes
34 Specification as at 09 06 2005 sensitive to DNA nethylation. Genomc
DNAs were isolated fromcancer cell lines according to a standardi zed
SDS/ pr ot easgert¢itet/B0to (Barheenk1£tiordl ., 1989). The isol ated genomi ¢ DNAs
were treated with a 5 restriction enzyne that is unable to cut nethyl ated
DNA (Smal), andCsapaiat GDN}\S V\maheoniesqllaaedi sfuin e cencent ®@NA | diespective

f t hyl ati on e restric enz me di_gests were

(Ca)l egfro%hgr%%ceﬁﬁm% %03 5gLz @rf’ Eingit EP‘?e&SaHS)r’FPSkaet
bond- N r’rgj_'rb a A 1 i G

Ul ands of The RO genas m"ﬁsusedé“;?%%% ERAG R SregERl i g0 O

hybri di Zat i oeetniasicarenmagheothat nis henaddee to namh efeths 1hBed MNANQISKAEY N
blotting anal ysis of Exanple 1-3, followed by autoradi ography on XAR-5

filns. The o?ﬁP@rBR@ELY«/vd’sl‘-"lhs&n&t éaaFrb%qiM@ﬁOgefﬁ@nﬁwalreaﬂe@m@% with

t he RUNX3 Q erv robe. The Snmal digestion
was observe to lg‘frté% §B%reBIdIJced %%e;e%:léftqgg n%%rbesedlggagé?l ¢StAncer
cell Iines shasecBbl&sed on a 1.5% agarose gel and then transferred

onto a Hybond-N" membrane. - A genomic DNA Nhel/Mlul fragment
10 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 films. The genomic DNA

was isolated from human genome DNA libraries with the RUNX3
15 cDNA of SEQ. ID. NO: 1 serving as a probe.

The Smal digestion was observed to be greatly reduced
specifically in those gastric cancer cell lines whose RUNX3
gene expression was not detected, that is, in the SNU1, NUGC3,
MKN28, MKN74, AGS, and KatoIII cell lines, as shown in Fig. 7b.

200 The MKN7 cell line in which the expression level was
significantly low showed a partially methylated pattern (Fig.
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

25 gene-specific bands are detected in all of the cell lines
despite differences in methylation, it can be concluded that
some cancer cell lines in which the expression of the RUNX3

gene is not detected under normal conditions have the normal
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gene expression was not detected, that is, in the SNUL, NUGC3, MKN28,
MKN74, AGS, and Katolll cell lines, as shown in Fig. 7b. 20 The MKN7 cel l
line in which the expression level was significantly | ow showed a
partially nmethylated pattern (Fig. 7b). These results indicate that the
expression of the RUNX3 gene is closely correlated with the |evel of DNA
methyl ation at |oci near RUNX3 exon 1 in cancé&pecifidatioh a9 0812602 RUNX3 25
gene-specific bands are detected in all of the cell lines despite
differences in nethylation, it can be concluded that some cancer cell
lines in which the expression of the RUNX3 gene is not detected under
normal conditions have the nornmal 35 Specification as at 09 06 2005 RUNX3
gene, but YNNGt gexr éms dbd e dxprabpoftraluemed hybrdriman. mefh Raaat i vati on
of the RUNX3 gene To determ ne whether the DNA nethyl ation observed in 5
Exanmple 5-1 is the direct cause of the inactivation of the RUNX3 gene, the
i nfluence [ methyl transfecase.-inhibitor and a histone deacetyl ase

i nhi bitor 2 t"%n °§ RE 98383 gene expression was anal yzed.
The NUGC3, MKN287,andiMihgde C@hétﬂérneﬁhéS@Nﬁcﬁr@(@hyi&icﬁrﬂd%@ékvfeﬁorﬂr{ he cell
| i nes showi ng no RUNX3 gene expression by RT-PCR anal ysis) were treated
with 5-&za Mﬂ)ﬂy@yﬂ-l disnehe( AlAecB0Cankp, ofhitbk iimhcbivatioNA of the

met hyl tran f and . trichostatin A (TSA, é& whi ch inhibjts histone
deacet yl aszz‘ Igﬁ%e'ort}}en PSP iUn2 RiPeke ENBfCRARE (PBAPHERN , t ot al
15 RNA was l,a 4l rda e,¢S

st andar di zéaléﬁglangl?‘gtir'gé;? eg‘%%ﬁ%’f%uém rrr%l{l Eéggﬁgggq;lh% Exgﬁ%w[%&lgfglofaﬁg@t hen
anal yzed f RUNKBegexpregseoniol wdie aRENX3ed)ene by

- The NUGC3, MEKNZ28,- - and MKN74 cell lines (selected
10 randomly from the cell lines showing no RUNX3 gene expression
by RT-PCR analysis) were treated with b5-aza-3-deoxycytidine
(RZA, 300 nM), which inhibits DNA methyltransferase, and
trichostatin A (TSA, 1 mM), which inhibits histone deacetylase,
alone or in combination. After 3 days of the treatment, total
15 RNA was isolated from each cell line in accordance with the
same standardized single-step guanidium method used in Example
4-1, and then analyzed for the expression of the RUNX3 gene by

RT-PCR using the PS-N primer pair of SEQ. ID. NOS: 4 and 5.
Upon treatment with the DNA methyltransferase inhibitor
200 or the histone deacetylase inhibitor, the expression of the
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

25 exon 1 of the RUNX3 gene.

The expression plasmid capable of expressing the sense
RUNX3 gene, constructed in Example 1-1, was assayed for acute

toxicity as follows.
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RT-PCR using the PS-N prinmer pair of SEQ ID. NOS: 4 and 5. Upon treatnent
with the DNA nethyltransferase inhibitor 20 or the histone deacetyl ase

i nhibitor, the expression of the RUNX3 gene was observed, as seen in Fig.
8. These results reveal that hyper-nethylation suppresses the expression
of the RUNX3 gene in about 37% of the gastric and |ung cancer cells ow ng
to the hyper-nethylation of CpG islands at | ocBpeéamtivhas at 28 082005 1 of the
RUNX3 gene. The expression plasm d capabl e of expressing the sense RUNX3
gene, constructed in Exanple 1-1, was assayed for acute toxicity as
follows. 36 Specification as at 09 06 2005 AMPLE 6: Acute Toxicity Test
upon ‘Parenteral Adm nistration of pEF-BOS-Rx3 to Rat 5 An acute toxicity
test was conducted using rats of a specific pathogen-free SD |ineage at 6
weeks of age pEF BCS— Rx3 (prepared as descrlbed in Example 1- 1) was
suspended |BXRY¥ 6of Agups dpst RAied a1l ofydinindsita

t he anterloE tlb' is . of t rats at a dose of 1 ng/kg by 10 |ntranuscular
i njection gﬂiﬁﬁﬂ%ﬁ%ﬁgﬁ, the rats were observed for death, clinical
traits, and body wei ght changes, and serol ogical and serobiochenical
analyses were conducted. In addition, the rats were sacrificed in order to
observe 5 he abdam rautandokhoti@aci test gaas. condunsidchearsiay nmltswerfe 45

specifically noteworthy clinical _traits found, No aninals died fromthe
adni ni st r atSRECISECT Bthouen—freerfRILingAgendt & HaeEss Ohe?¥e obPEEVEEST n t he

body wei ght 3T2@F%§%Qéc9%sca&esc§iﬁé‘é{ 15 SELHACNG M $ ol ASSibenBRY AHTLPSY

test were al
ml of a physiological saline solution and administered to the

anterior tibialis ef two rats at a dose -of 1 mg/kg by
10 intramuscular injection. After the injection, the rats were
observed for death, c¢linical traits, and body weight changes,
and serological and serobicchemical analyses were conducted.
In addition, the rats were sacrificed in order to observe the
abdominal and thoracic organs. In neither animal were
16  specifically noteworthy clinical traits fcund. No animals
died from the administration of the test material, and no
changes were observed in the body weight. The serclogical
assay, sercbiochemical assay, and autopsy test were all normal.
Accordingly, pEF-BOS-Rx3 was identified as safe, with an LDsg

20 of at least 1 mg/kg upon parenteral injection.

INDUSTRIAL APPLICABILITY

As described previously herein, the RUNX3 gene of the

25 present invention shows excellent tumor suppressor activity
and is indispensably involved in TGF-B-dependent programmed
cell death (apoptosis). Additionally, the suppression of

RUNX3 gene expression 1is attributed to abnormal DNA
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Accordingly, pEF-BOS-Rx3 was identified as safe, with an LD50 20 of at

| east 1 ng/ kg upon parenteral injection. |INDUSTRI AL APPLI CABI LI TY As

descri bed previously herein, the RUNX3 gene of the 25 present invention
shows excel |l ent tunmor suppressor activity and is indispensably involved in
TGF- (3-dependent programmed cell death (apoptosis). Additionally, the
suppression of RUNX3 gene expression is attri Bpécification &mopwe20BNA 37
Specification as at 09 06 2005 nethylation of CpGislands | ocated near
exon 1 of the RUNX3 gene. Accordingly, the RUNX3 gene and its products
(RNA and proteins) can be utilized for the devel opnent of gene therapy

for cancers. Measurenent of the abnormal DNA nethylation in 5 the vicinity
of exon 1 alethRBaRUNGoge0scT SsUsRiUl1d@eddndgR08kSn 01 6ANERE SRUNKS

addi tion, chem cals capable of regulating the abnormal DNA net hyl ati on and
its consequeatses Hdoordaralipl eheDNANKSt lggher andf Eeaseradwsitbi (BRE amdl HDAC

i nhi bitors) can.be used as anti.cancer agents because of _their 10 abilit
Lo e oot o BHEeaRe! 608 i oT N HEBRURRS Do e R SBIRRS {6 T LHETaEY 06 0

2005 ELJAl<SST. Tal-irl E Teaor M
CF. ot +A|v5|\;f5°§£§ocsa%rgﬁt‘ w?%?glgf&rgﬁeigt\éo n%%%f%hnlgﬁﬁ%m%én\?% %OE%%E%% PT IN

THE CASE OAN OREGHLNAL DEPGSIoh 1 ssiffedthpur BusXd genfulis 7udefddparfonent of
Bi ochem stry, College of Medicine. Chungbuk National University, $48
Gaeshi n-dorfél,a%@éﬁ@cmﬁ« ReNCeFeongj R sRAdERifybuRhgBIcaAF3 capable of

regulating the abnormal DNA methylation and its consequences
{for examples DNA methyltransferase inhibitors and HDAC
inhibitors) can be used as anticancer agents because of theix

10 ability to promote the expression of the RUNX3 gene.
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idalitified an,-,z | above was sec admled by: if a scientific description
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ID. Rl CE1P ACCE At.CE..:.. '"f'lits International Dgwsltary Authority
accepts the mcroergatilvn 3d ntified under I above. which was received by
it on January 09 2001. ly.. RECFAPT RE_ tnLcpN !ERSION _ The m croorgani sm
identified urn | above was received by tt| s | nternat | onal Depositary
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Department of Biochomistry, (e sege of Medicine, Chungbuk Nationg! Universine,

S48 Ceshin-dong, Heungduk-ku, Cheongiu-si, ¢ hungihuk 361 -7683
Buopublic of Kores

Tentification relemsnce given by e  Aceession rimiber given by the
DEPGSI-?{(;[;{ e Eﬂ'ﬁme g‘ %’Eﬂ._ Y [] mﬁ?}la DBPGSHARY
MENZE-Rs3 KCTC 0933BP

C DESIGNATION _

r.,._.__,_,I_i- SCEVTIFIC DESCRIPTION AND/OR PROPOS
The microdtpanism identified under [ zhove wes mmarﬁed by
i 5 & scwentific degeription

i 1o proposed taxoramic designation
i Mark with & cross whare appl cabk»ﬁ

3, RECEIPT AND ACCEPTAKCE

This Inernational Depositary Anthority scceqts the microorganism identified under T above,
! which ‘®as received by it on January 09 2001.

. BECEIRT OF BEQUEST FOR CONVERSION.

! The micreorganism identified under 1 abave Wwas received by this International Depasitary
Aythority on end a request 1o convert the origingl depasit o & deposit
i under the Budapest T reaty was recqarreu hy i an

¥_INTERNATIONAL DEPOSITARY AUTHORITY

Same. Korean Colisction for Fype Culturas Signature(s? of personly} having the power
to represent the Interrational Depositary

Autherity of mithorized officialls):
Adidress’ Korea Research Institute of

Bioscience and Bin&c:hnoloﬁy ‘ K 5
i {KRIBB} . Lt *
§52, Qun-dong. Yusong-ku,

Tacjon 305-333, BAE, Kyung Sook, Director
Republic of Kores Date: January 26 2001
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. DENTIFCATION OF THE MICROORGANSM ]

Kentification | ¢ given by Aceession mumber given by the
oo eanon fefernce given by the INTERNATIONAL DEPOSITARY
' AUTHORITY:

SNU16-Rx3~AS-¢11 KCTC 093¢BP

1. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONO

'i i:e ﬂ;rmcrgan sin Mdentified under T abave was actomparded by
Ix ; 7 scisntific descrintion

!z propased mmmmc destgnas:m
"knrzk ﬂrh R orosE where applicshla)

l

dnney

Mm&‘!‘l&@ EFTANCE

This inernational Depositary Authotity accepts the micoorgenism {dentified under 1 sbave,
whith ‘afas received bsl :t on Jnnuary o9 2{;01

w LN HECRIPT OF REQUEST FOR CONVERSION
The microorganism identified under | above was received by this International Depositary

Aar!u:mry an and & request o convert the original deposit to & deposit
under the Budapost Treaty was rec:-hed by it on

¥ INTERWATIONAL £ltPQ§E&MAL‘I‘HOMT&

Nams Korgan Goliegtion for Type Guliures Signature{s) of person(s) having the power
to represent the Imvernationad Depositary

dashority of authoried official(s):
Addeesss Keoren Hessarch Institute of

" Bioseience and Biotechnology ) g );-( E
: (KRB} : . N
#5572 Oun-dong, Tusong-im,

Tasjon 308-332, BAE. Eyung Sook, Director
Tepublic of Horea Tiate: January 26 2001
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to represent the International Depositary Autho t of authorized
official(s): Addrsss: Korea Reeaarch Instatute of 13i0ostR *ce ant

13iotr _r..hr.ology KRIBB) yu ¢ 52, Qutr.dong, Yusong-ku, Taejon 305-333,
BAE, Kyung Soak, Director Repalic of Korea flat'! January 26 2001 40
Specification as at 09 06 2005 BuhpERT TP2ATY O Yfi e WEKVATZoKAt .

EED 7G , STItiit oP tae o0?30arr :Y ri:fTi CORGANSm3fffraftar & at 2 0PQRIEdASt OF
PA76' zr ! PROCEDL" R LNTER, NATI ONAL FORM RECEWI I N TEE CASE OF AN ORI G NAL
DEPCSI T | ssued pursuant to Rule 7 10 : 13:11:-. Seek-Chnl Departnent of
Bi ochem stry, College of Medicine. Chung; buk National University, S48
Gaeshi n-dung. Heungduk- ku, Cheongj u-si, Chungbuk 361-763 Rupublic of Korea
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PRO N T The m.croorgani smidenti M above was acconparded by: 1

[ x 1 a sci enRECEIREMNpTHE CASRE mmmmm,rnmgmtmn ( Mar k

w kith a cross where applicabl e)ssued purseant 1o Kule 7

TO 1 BAE, Suk-Chul

Departiment of Biechemistry, College of Mediving, Chnrgrbuk National Liniversity
S48 Gaeshin-doag, Heungduk-ku, Cheongju-si, Chungbuk 251-763
Rupublic of Korey

MM&MRGM%

Teen | rof Ascession nuriher given, hy the
iicanion refiuncs given by the INTERNATIONAL DEPOSITARY

AUTHORITY:

SNUIR-Rx3-AS-c)12 HCTC 0935BP

......

A _§,*“ [ENTIFIC DESCRIFTION &@@M&K@MMWW

The ”ucrarsrgamsm entified under [ above wes e...compamaﬁ by
I %7 & scientific description

'l i a proposed tasenomic designation
{Mark with # cross where dpphcab!&)

. RECEIPT AND ACCEPTANCE

This Internationat Deposivry Authority accepis the microorgandam identified imder 1 ghove,
which was received by it on January 09 2001.

¢, BECRIPT OF REQUEST FOR CONVERSION,

I The micruerganism identified under 1 ebove was received by this Internztional Depasitary
Authority an angd a request 10 convert the original deposit to a deposit
| under the Budapest Treaty wes recsived by it on

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name. Korean Gotlection for Type Cultures | Signaturels) of person{s) having the power

to reresent the Intamational Depositary
Authority -of suthorized official(s)

Address  Korea Ressarch Insutute of

Bioscience and Bictechrology }a( 5
(KRIBB) : ¢ )
#52. Oun-dong, Yusong-ku,

Tagjon 305-393, BAE, Kyung Sook, Director
Bepublic of Kores Date: January 26 2001
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This International Depositary Authority accepts the m croorgani sm
identified under | above, which was received by it on January 09 2001.
rt'. PECEIP.T_ O .3TS)UFS, R CONV 3SIE}r11l ~ .- -1 The snicraergani sm
identified under | than was received by this International Depositary
Authority on and a request to :onvert the original deposit to a deposit
under the Budapest Treaty wasreeai ved by it onSpecificaorCms at RIIAGI2006\L
1FPOSr FARY AUT %RI TY _ Korean Goilectton for Type Cuttu Signature(s) of
person(s) having the power to represent the International Depositary

Aut hority SHAEUEhSIAIMHDGES{cial (s): } Address Korea Research Institute of
Bi esci encc and Biotechnology (KRIBB) R 2. Qun .dong, Yusonv-ku, Taejon
3135-333, BAH, Kyung Sock, Director Republic of Korea Date: January26 2001

41 Speci {1 cat | om asy af,R9, 08,AA0%,erHAT 1S -0LAL VERLS oo A hupy RUDG gene

with tunor suppressor activity, ~conpose hucl ot de s duence

SEQ | D. NOormfoséd &3f AnceExpriegdieonifd asiuencehsmy Tas tbe IRUNX3 gene of
claiml inserted in the sense direction thereto and allows a 10 sense

RUNX3 gene to be expressed. 3.: An expression plasmid, which has the RUNX3
gene of claim- inserted.in the antisense direction thereto and allows an
anti sense RUNX3 gene to be expressed.

g 2. An expression plasmid, which has the RUNX3 gene of
claim 1 inserted in the sense direction thereto and allows a
10 sense RUNX3 gene to be expressed.

3: An expression plasmid, which has the RUNX3 gene of
claim . insertéd in the antisense direction thereto and
allows an antisense RUNX3 gene to be expressed.

15

4.. A cell strain, which harbors the expression plasmid

of c¢laim 3 therein and shows the over-expression ofAthe RUNX3

- gene of claim 1.

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

into the MKN28 strain.

25 6. A cell strain that harbors the expression vector of

claim 4 and is selectively interrupted in expressing a RUNX3

gene.
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15 4.. A cell strain, which harbors the expression plasmd of claim3
therein and shows the over-expression of the RUNX3 gene of claim1. 20 5.
A cell strain as set forth in claim5, wherein the cell strainis

IVKN28- Rx3 (Deposition No. KCTC0933BP) which is established by transfecting
the expression plasmd of claim3 into the MKN28 strain. 25 6. A cel
strain that harbors the expression vector of &peifmatiomachti0d 0§€beTt i vel y
interrupted in eXprBssiaedlasRUNMB asgemt. fdotiSpecicladmt 7 orwheseah 08e 06 2005

7. The cell ﬁhrain as %ﬁé forih in claim7, wherein the cell strain which
sel ecti vel YSrthPhhttS HéE e RELeS ST Yo NP0 tRUNRS gaessgion of the

SNU16- Rx3- Appgil osLti NG, KL C. P93 . i S r fecting
t he expression%pﬁggﬁfd§%fs§@%|n12 ?%ﬁoﬁgﬁésé%%%gqg?rgﬁﬁxpégg%ﬁgfcel
strain as seitablfshled mlkaamsTfectiier ehe thgreffloh plaahin WH ¢hasel gctively
inhibits the expression of the RUNX3 gene, is SNUl16-Rx3-AS-cl12 (Deposition
NO. KCTE€ 0938BPfhe oSMEabkrahed by transfecting-the expression plasmid of
claim4 into the SNU16 strain. g;. A pharmaceutical conposition as an

anticancer agent, conprising the expression plasmd of c!ain13. 15 10. A
phar maceuti cal ceppPosi tdan 38 rafh A I LANGRL LRGN 01 21 FOTP Ji3d A of R RUNX3

i
gene of claiml. 11. A pharmaceutical conposition as an anti cancer agent,
cell strain which selectively inhibits the expression of the
RUNX3 gene, is SNUL6-Rx3-AS-cl2 (Deposition NO: KCTC 0935BP)
10  established by transfecting the expression plasmid of claim 4

into.the SNUlé strain.

9. . A pharmaceutical composition as an anticancer agent,
comprising the expression plasmid of claim 3.
15
10. A pharmaceutical composition as an anticancer agent,

comprising the RUNX3 gene of claim 1.

11. A pharmaceutical composition as an anticancer agent,
20 comprising the RUNX3 cDNA having the nucleotide sequence SEQ.
ID. NO: 1.,

12. A pharmaceutical composition as an anticancer agent,

comprising the RUNX3 RNA transcribed from the RUNX3 gene of
25 claim 1.

13. A pharmaceutical composition as an anticancer agent,

comprising the RUNX3 protein of claim 2.
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20 conprising the RUNX3 cDNA having the nucl eotide sequence SEQ |ID. NO

1. 12. A pharmaceutical conposition as an anticancer agent, conprising the
RUNX3 RNA transcribed fromthe RUNX3 gene of 25 claiml. -3 .3 A
pharmaceutical conposition as an anticancer agent, conprising the RUNX3
protein of claim?2. 43 Specification as at 09 06 2005 14. A pharnmaceuti cal
conposition as an anticancer agent, conpri si ngSpecifidagion & atoapahbes of

regul ating the histone deacethylase activity and nethylation of a

nucl eotide 5 sequence SEQ ID. NGO 3, containing CpGislands in the

vicinity of the exom bhafmareRIN43 gefbsition A ret hediteicadi ageas) ng
cancers, characterized by detecting the nethylation of a nucleotide
sequence SEQMPFEBING QaNCOraBsrigdnt sipiimig Co6 | séands ipgesdmt héaromxon 1 of
t he RUNX3 ne, risij the steps of;, isal.ating _genomc froma
tunor ti ssﬁ‘%gg “kéycj(s)au jecatc?:q"rdi:‘éesf"if1 g F‘ﬁ‘éhﬁ%%ﬁ“c \ﬁtﬁl%?gg\g’f‘?ﬁ? ction
enzyme_ 5SeRtihbge ! oA MR hybat Ion: cbie SERAUAL LAY LRk fanoTHC DA di gests
on an agarosée gel by electrophoresis and transferring themonto a

menbr ane; vhgbnidy zfihghehexgeorifc abNAUNKgeghe. Wi th a radi ol abel ed DNA
probe for a RUNX3 gene; and exposing the nenbrane to a filmto detect the
20 expression of the RUNX3 gene. 161 A nethod for diagnosing cancers,

fE?rapterlzed byjjgegeﬁétﬁ&jtggrngggllégfﬂ%né%%cgrgycéﬁggéc %r%%e eB§e SEF;

detecting the methylation of a nucleotide sequence SEQ. ID.
10 NO: 3, containing CpG islands present near exon 1 of the
RUNX3 gene, comprising 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;
15 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 a RUNX3 gene; and ,
exposing the membrane to a film to detect the

20  expression of the RUNX3 gene.

‘16. A method for diagnosing cancers, characterized by
detecting the methylation of a nucleotide sequence SEQ. ID.
NO: 3, containing'ICpG islands present near exon 1 of the
' 25 RUNX3 gene;‘comprising the steps of:
Isolating gencmic DNA from the blood or tumor tissue of
a subject;

digesting the genomic DNA with a restriction enzyme
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NGO 3, containing CpGislands present near exon 1 of the 25 RUNX3 gene,
conprising the steps of: Isolating genomc DNA fromthe blood or tunor
tissue of a subject; digesting the genomc DNA with a restriction enzyne
44 Specification as at 09 06 2005 sensitive to DNA nethylation; performng
a polynerase chain reaction (PCR) with the genom c DNA digests serving as
tenplates and with parts of the nucleotfide. sE&ppsefivatiornds SEH06RON5 NO, 3
serving as priners; 5 separating the PCR products on an agarose gel by

el ect rophorsesisstive det @b tdehdmliohi cati on of a DNA sequence of interest.
:17, A biological mcrochip for the diagnosis.of cancers, 10.using parts
of the RUNX3 cDNReSEamipg, an@olyverase dhtimboeBrctagai iSERA RUNX3tRE ot ei n

produced f%&&h&?@ BRmAdiégsts serving as templates and with parts of
the mucleotide. sequence of SEQ. ID. NO: 3 serving as primers;

5 separating the PCR products on an agarose gel by

electrophoresis to detect the amplification of a DNA sequence

"of interest.
17, A biological microchip for the diagnosis of cancers,

10  using parts of the RUNX3 c¢DNA SEQ. ID. NO: 1 or an antibody

against a RUNX3 protein produced from the cDNA.
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