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gene showing anti-tumor activity
which is essentially involved in
TGF-B dependent-programmed
cell death (apoptosis) and use
thereof. In addition, the present
invention finds that the RUNX3
gene expression is suppressed in
the various gastric cancer and lung
cancer cell lines. The suppression
of the RUNX3 gene expression is
due to hyper-methylation of CpG
island located around RUNX3 exon
(1). The RUNX3 gene and its gene

+ +

product of the present invention can be used effectively for the development of anti-cancer agents. CpG island around RUNX3
exon (1) could also be used not only for the development of anti-cancer agents which regulate the abnormal DNA methylation
and there by induce RUNX3 expression but also for the development of methods for cancer diagnosis by measuring the abnormal

DNA methylation.
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RUNX3 GENE SHOWING ANTI-TUMOR ACTIVITY AND USE THEREOF

FIELD OF THE INVENTION

The present invention relates to the RUNX3 gene and
uses thereof as an anticancer agent. More specifically, the
present invention relates to characterization of the RUNX3
gene, 1its expression and tumor suppressor activity, and its
use in the development of cancer diagnosis methods and

anticancer agents.

BACKGROUND OF THE INVENTION

Tumors are assemblies of cells that show excessive
autonomous proliferation, and are classified into malignant
tumors, which may result in death, and benign tumors; however,
it can be difficult to discriminate between these types.
Cancers are genetic diseases attributed to the mutation of
genes such as oncogenes and tumor suppressor genes, and their
causes can be found at a cellular level. Oncogene products
constitute a signaling network within cells, and are involved
in regulating signal transduction systems for cell division
and differentiation. When their regulation becomes abnormal,
cells do not differentiate further, but rather divide
infinitely; that is, they become tumorigenic. If a way could
be found to enable such an abnormal signal transduction
pathway to be converted into a normal one, anticancer agents

could be developed that would obtain excellent therapeutic
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effects without side effects.

At present, cancers are for the most part treated in
three ways: with surgical therapy, chemical therapy, and
radiation therapy. In practice, combinations of these
therapies or further combination with laser therapy are
prevalent. However, chemical therapy is preferred to other
therapies when the pain accompanying therapy and metastatic
conditions are taken into account. Numerous anticancer
agents have been developed, most of which are based on the
selective killing of cells that are actively dividing.
However, these 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 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 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
show normal activity, «cells with abnormally activated
oncogenes cannot progress toward cancer, but are annihilated.

Therefore, to become cancerous cells, cells must have
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inactivated tumor suppressor dgenes as well as activated
oncogenes.

One of the mechanisms by which tumor suppressor genes
are inactivated is by hyper-methylation of CpG islands (Jones
and Laird, Nature Genet. Vol. 21, 163-167, 1999).
Methylation of CpG islands is performed by DNA
methyltransferase. After significant methylation, DNA
binding proteins such as methyl cytosine binding protein 2
(MECP2) bind to the methylated cytosine of the DNA, which
recruits  histone deacetylase (HDAC) to repress gene
expression. In detail, HDAC removes the 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 HDAC inhibitors may be useful for
inducing gene expression. Tumor suppressor genes whose
expression is repressed by DNA methylation are exemplified by
RB1, TP53, VHL, CDKN2A, CDKN2B, MLH1, and APC (Jones and
Laird, Nature Genet. Vol. 21, 163-167, 1999).

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

ability to reverse the transformation of cancerous cells. Of
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the HDAC inhibitors, depudecin is the best characterized as
to its anti-angiogenic activity in vivo and in vitro. In
addition, 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 TGF-B signal transduction system is well known for
its tumor suppressor activity. The binding of TGF-Bp to TGF-f
receptors causes the activation of the receptors, which in
turn activate Smad proteins by phosphorylation. Once
activated, Smad proteins move into the nucleus and regulate
gene expression in cooperation with other transcription
factors, thereby suppressing cell division or inducing
apoptosis (Massague et al., Cell, 103 (2):295-309, 2000).
Runx3 1is 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-B
receptors or 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-B receptor. When the cell was transformed to
express the TGF-P receptor, cell proliferation was reduced
and tumorigenesis was decreased in an assay in nude mice
(Chang et al., Cancer Res., 57 (14):2856-2859, 1997). The
TGF-B 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 p21.

However, the mechanism by which TGF-B induces apoptosis

4
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remains to be clearly elucidated.

PEBP2 (polyoma virus enhancer binding protein 2) 1is
composed of two submits, a and . There are three genes
which encode the a subunit.: RUNX1/PEBP2a B/CBFA2/AMLI1,
RUNX2/PEBP2a. A/CBFA2/AML2, and RUNX3/PEBP2a C/CBFA3/AML2
(Bae and Ito, Histol. Histopathol, 14(4):1213-1221, 1999).
The RUNX1, RUNX2, and RUNX3 genes show homology of about 60-
70% in amino acid sequence among them. They are highly
conserved evolutionarily, with homology of about 95% between
mouse and human.

Regarded as an important causative gene in leukemia,
the RUNX1 gene becomes associated with other genes by
chromosome translocation to cause acute myeloid leukemia or
acute lymphoid 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, and 1ts 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
oncogenic activity in 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.,

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

SUMMARY OF THE INVENTION

Leading to the present invention, the thorough and
intensive research on diseases associated with the activation
of the RUNX3 gene, conducted by the present inventors,
resulted in the finding that RUNX3 gene products have tumor
suppressor activity. RUNX3 is indispensable for TGF-f-induced
apoptosis, and inactivation of the RUNX3 gene by DNA
methylation at loci near RUNX3 exon 1 is closely correlated
with cancer development. In the present invention, the RUNX3
gene 1s characterized as to its expression and tumor
suppressor activity, offering the possibility of developing
cancer diagnosis methods and anticancer agents from it.

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

To achieve the above objectives, the present invention
provides a cell strain having a sense RUNX3 cDNA, in which
the RUNX3 cDNA is over-expressed, and a cell strain having an
antisense RUNX3 cDNA, in which the expression of the RUNX3
gene is inhibited are provided.

Also, the present invention provides a RUNX3 cDNA with

6



WO 02/061069 PCT/KR01/00121

tumor suppressor activity and its corresponding protein.

In the present invention, the RUNX3 gene is shown to
play a crucial role in TGF-P-dependent apoptosis, using cell
strains that either overexpress RUNX3 cDNA or selectively

5 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 methylation in the vicinity of exon 1 of the RUNX3 gene.

Further, the present invention provides a

10 pharmaceutical composition including the RUNX3 gene or its
protein.

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

15

BRIEF DESCRIPTION OF THE DRAWINGS

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

Fig. 3 1is an autoradiogram resulting from Northern
blotting analysis for determining whether SNUl16-Rx3-AS-cll
and SNUl6-Rx3-AS-cl2, both having an antisense RUNX3 gene,
and MKN28-Rx3, having a sense RUNX3 gene, express the
antisense 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 of the control SNUl6e cells, after treatment with 1
ng/ml of TGF-P to analyze TGF-B-induced cell death.

Fig. 4b 1is a photograph showing the results of the
electrophoresis of the genomic DNAs obtained from SNUl6,
SNU16-Rx3-AS-cll, and SNU1l6-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-P-induced programmed cell death
pathway.

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

Fig. 5b is a graph in which tumors formed in nude mice

were measured for size periodically for over 37 days after
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the subcutaneous injection of control MKN28, which does not
express the RUNX3 gene, and MKN28-Rx3, in which a RUNX3 cDNA
is expressed.

Fig. 5c shows a 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 RUNX3 cDNA with arrows denoting the RT-PCR primer
positions, and a striped box denoting the Runt domain, which
plays an important role in binding of the RUNX3 protein to
DNA.

Fig. 6b shows the results of electrophoresis of RT-PCR
products obtained from total RNAs of 15 gastric cancer cell
lines by use of pairs of PS-N primers (PS-N), PS-C primers
(PS-C), human PEBP2B/CBFB cDNA primers (PEBP2f), and human PB-
actin cDNA primers (f-actin), and the results of Southern
blotting (PS-C ST). For the Southern blot analysis, RT-PCR
products obtained by use of PS-C primers were hybridized with
RUNX3 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), and human PB-actin cDNA primers (f-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 the position of a DNA fragment used as a probe in

genomic Southern blot analysis.

9



10

15

20

25

WO 02/061069 PCT/KR01/00121

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 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.

Fig. 8 shows the results of electrophoresis of RT-PCR
products obtained from total RNAs of NUGC3, MKN28, and MKN74
after treatment with 5-aza-2-deoxycytidine (AZA, 300 nM) or
trichostatin A (TSA, 1 mM), separately or in combination. The
results indicate that the treatment with the DNA
methyltransferase inhibitors or HDAC inhibitors allows the

RUNX3 gene to be expressed.

DETAILED DESCRIPTION OF THE INVENTION

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,
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 inhibit the expression of the RUNX3 gene,

respectively.

10
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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. Z35278) was used to
construct a plasmid vector capable of RUNX3 expression. The
cDNA of the 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 amino acids whose
putative amino acid sequence is SEQ. ID. NO: 2 (see Figs. la
to 1lc¢). A DNA fragment comprising CpG islands in the
vicinity of exon 1 of the RUNX3 gene has the nucleotide
sequence SEQ. ID. NO: 3 (see Figs. 2a and 2b).

A 2,244 bp DNA fragment comprising a coding region of
the RUNX3 gene cDNA SEQ. ID. NO: 1 (see Fig. la) was inserted
in the sense direction into a pEF-BOS vector (Mizushima et
al., Nucleic Acids Res., 18(17):5322, 1990) to construct a
recombinant plasmid vector, named pPEF-BOS-Rx3, which
expresses a sense RUNX3 gene. Separately, the RUNX3 cDNA was
inserted in the antisense orientation into a pEF-BOS vector
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
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)

using Lipofectamine (Gibco-BRL), and the selection of
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transfectants was achieved by means of G418 resistance. The
MKN28 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
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 pEF-BOS-
Rx3-AS and a plasmid with a selection marker into cells of
the SNU1l6 gastric cancer cell line (Kim et al., J. Natl.
Cancer Inst., 8(13):938-943, 1991) which has an inactivated
p53 gene and a normal TGF-f gene system (Park et al., Proc.
Natl. Acad. Sci. U. S. A., 91 (10):8772-8776, 1994). Stable
transfectants were obtained in the same manner as above. Two
transfectants which expressed the antisense RUNX3 RNA in
excess were named SNU16-Rx3-AS-cll and SNUl6-Rx3-AS-cl2, and
deposited with the Korean Collection for Type Culture of
KRIBB under the deposition Nos. KCTC 0934BP and KCTC 0935BP
on Jan. 9, 2001.

To determine whether the transfectants MKN28-Rx3,
SNUl6-Rx3-AS-cll, and SNUl6-Rx3-AS-cl2 actually express the
sense RUNX3 gene or the antisense RUNX3 gene, the RUNX3 cDNA
of SEQ. ID. NO: 1 was used as a DNA probe for Northern
blotting analysis. A RUNX3 transcript from the MKN28-Rx3
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. 1In contrast, antisense RUNX3 RNAs of

various sizes were detected from SNU16-Rx3-AS-cll and SNU16-
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Rx3-AS-cl2 cells. In the control SUN16 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 provided.

In the present invention, the function of the RUNX3
gene 1is elucidated by using the MKN28-Rx3 strain, which
expresses the RUNX3 gene, and the SNU16-Rx-AS-1lc and the
SNUl6-Rx-AS-12c strains, whose RUNX3 gene expression is
selectively inhibited.

To analyze the role of RUNX3 in the TGF-P-induced
programmed cell death (apoptosis), the SNU16-Rx3-AS-cll and
SNU16-Rx3-AS-cl2 strains in which RUNX3 expression is
selectively inactivated were treated with TGF-Bl; normal
SNU16 cells were used as a control. Counts of viable cells
revealed that TGF-Bl1 induces apoptosis in the control strain,
but not in the mutant strains. In detail, treatment with
TGF-f1 killed all SNU16 cells within 2 days. However,
treatment with TGF-Bl did not kill the SNU16-Rx3-AS-cll and
SNU16-Rx3-AS-cl2 cells (see Fig. 4a). Accordingly, these
results show that the RUNX3 gene is involved in the TGF-Bl-
induced cell death in SNU16 cells.

In the present invention, inventors also determine
whether the mechanism of the RUNX3-dependent TGF-fl-induced
cell death in SNUl6 cells treated with TGF-Pl is via the
apoptosis pathway or a necrosis pathway. Electrophoresis of

DNA from cells killed through apoptosis yields specific
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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 SNU16-Rx3-AS-cl2 cells (see Fig. 4b,
Lanes 3 to 6). Therefore, TGF-Pl stimuli kill SNU16 cells
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
cells toward cancer, and that most of the factors involved in
the TGF-B pathway have tumor suppressor activity (Chang et
al., Cancer Res., 57(14):2856-2859, 1997). To examine the
anticancer activity of RUNX3, a tumorigenesis assay was
performed using nude mice. For the tumor suppressor activity
assay, the cell 1lines are introduced into nude mice by
subcutaneous injection, after which the cancerous masses
formed are periodically measured for their external sizes.
After the mice are sacrificed on the final day, the cancerous
masses are excised for comparison.

The tumors formed in the nude mice grew at a higher
rate in the mice injected with the cells expressing SNUl6-
Rx3-AS-cll or the SNU16-Rx3-AS-cl2 than those in the mice
injected with the control SNUl6 cells (see Fig. b5a). In
detail, the cancerous masses were measured on the final day.
Those o©f the experimental group into which SNUl16-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 >

The cancerous masses were excised from the mice 98 days after

14
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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 SNU16 cells. Significantly reduced tumorigenesis was
observed in the mice injected with MKN28-Rx3 cells compared
to that of the mice injected with controcl MKN28 cells (see
Fig. 5b). In detail, the cancerous masses of the control
group were 600 mm® in volume on the final day, in contrast to
those of the cancerous masses of the MKN28-Rx3-injected
experimental group, which were found to be as small as 250
mm®. This represents a reduction of tumor growth of 58%. The
cancerous masses were excised from the mice 30 days after the
injection and compared to one another(Fig. 5c).

These results demonstrate that the RUNX3 gene has tumor

suppressor activity.

In the present invention, the RUNX3 gene was analyzed
for its expression pattern in various cancer cell lines.
Total RNAs were isolated from 15 gastric cancer cell lines
and 17 lung gastric cancer cell lines and used to determine
whether these cell lines produce RUNX3 mRNAs, by use of RT-
PCR. The gastric cancer cell lines used in this RT-PCR were
SNU1, SNU5, SNU719, NUGC3, MKN1l, MKN7, MKN28, MKN45, MKN74,
AGS, KatoIII, RF1l, RF48, and AZ521. The 1lung cancer cell

lines were NCI-H522, 86-2, A549, LK79, LK87, LCSC#1l, LCSC#2,
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NCI-460, NCI-H322, Sg-19, NCI-H1915, NCI-

and LX-1. These cell lines were

cbtained from the Korean Research Institute of Bioscience and

Biotechnology (KRIBB).

RT-PCR was conducted using two primer pairs, named PS-N

and PS-C (Fig. 1la).

SNU5, SNUle,

Among the gastric cancer cell lines,

SNU719, MKN1l, MKN45, RF1l, 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 pair),

although

small quantities (Fig.

MKN7 produced RT-PCR products in very

6b). In contrast, no RT-PCR products

were obtained from the SNU1l, NUGC3, MKN28, MKN74, AGS, and

KatoIII cell lines when using either the PS-N primer pair or

the PS-C primer pair.

In the

case of the 1lung cancer cell lines, the

expression of the RUNX3 gene was found to be suppressed

significantly in the HS888Lu cell line and completely in NCI-

H226, NCI-460, NCI-H630, and Lué5 cell lines (see Fig. 6c).

Southern blotting analysis was used to verify that the

RT-PCR products were amplified from the c¢DNA of the RUNX3

gene (see Fig.

6b, PS-3 ST). Additionally, the amplification

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

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

indicating that the lack of amplification of RUNX3 cDNAs in

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

KatoIII, NCI-H226,

NCI-460, NCI-H630, and ©Lu65 can be

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

cell lines.

Likewise,

the low levels of the RT-PCR products
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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 1is
remarkably or completely suppressed in about 47% of the
gastric cancer cell lines and about 30% of the lung cancer
cell lines. 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 examined).

Mutation analysis of the RUNX3 gene 1in cancer cell
lines was performed using all exons of the RUNX3 gene,
amplified from various cancer cell lines. No point mutation
affecting the amino acid sequence was found. These results
led to the conclusion that cancer cell lines in which the
expression of the RUNX3 gene was not detected contain a
normal RUNX3 gene, but do not express it. To determine
whether the suppression 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 methylation. Genomic DNAs isolated from
cancer cell lines were separately treated with restriction
enzymes which are unable to cut methylated DNA and enzymes
that are able to cut DNA irrespective of methylation.

In one preferred embodiment of the present invention,
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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
KatoIII cell lines. The MKN7 cell 1line 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

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

To examine further whether DNA methylation causes RUNX3
gene silencing, the influence of a DNA methyltransferase
inhibitor and a histone deacetylase inhibitor on the
reactivation of RUNX3 gene expression was analyzed. 5-aza-3-
deoxycytidine (AZA, 300 nM) and trichostatin A (TSA, 1 mM)
were used as DNA methylase and histone deacetylase inhibitors,
respectively. Upon  treatment with either the DNA
methyltransferase inhibitor or the 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 1s responsible for the suppression of RUNX3 gene
expression in 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.
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According to the present invention, therefore, the
product of the RUNX3 gene is involved in TGF-Pl-dependent
apoptosis and shows tumor suppressor activity. The
expression of the RUNX3 gene is suppressed in a substantial
portion of the cancer cells by the hyper-methylation of CpG

islands at 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, and pharmaceutical compositions are
provided that comprise proteins of the genes as
pharmaceutically effective ingredients.

The pharmaceutical compositions of the present
invention can be used for the diagnosis, prophylaxis, and
treatment of the diseases attributed to abnormal TGF-B-
dependent apoptosis, including gastric and lung cancers.

As the pharmaceutically effective ingredients, RUNX3
CDNA, RUNX3 RNA, or proteins produced therefrom may be used.
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
produce RUNX3. That is, the RUNX3 gene of the present
invention or an expression vector anchoring the RUNX3 gene
can be used as a pharmaceutically effective ingredient of a

pharmaceutical composition for use in gene therapy.
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Administration of the RUNX3 cDNA of the present
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
various 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,
etc., may be used. Solid formulations for oral
administration may be formed into pills, tablets, powders,
granules, capsules, etc. These solid formulations may
comprise at least one expedient, such as starch, calcium
carbonate, sucrose, lactose, gelatin, etc. In addition to
simple expedients, lubricants such as magnesium stearate and
talc may be used. Liquid formulations for oral
administration may be exemplified by suspensions, internal
solutions, emulsions, syrups, etc. These liquid formulations
may comprise various expedients, for example, wetting agents,
sweeteners, odorants, and preservatives, as well as simple
diluents such as water, liquid paraffin, etc. Examples of
formulations for parenteral administration include sterile
aqueous solutions, non-agqueous solutions, suspensions,
emulsions, freeze-dried agents, and suppositories. For the
formation of non-aqueous solutions or suspensions, vegetable
cils such as polypropylene glycol, polyethylene glycol, and

olive o0il, and an injectable ester such as ethyloleate may be
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used. As bases of suppositories, witepsol, microgol, Tween
61, cacao oil, lauringe, and 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 effective ingredients is within the range of
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
weight for RUNX3 RNA, and within the range of 0.04 to 4 mg/kg
and preferably within the range of 0.4 to 1 mg/kg of body

weight for RUNX3 protein.

In accordance with a further aspect of the present
invention, uses of the RUNX3 gene and its proteins in the
development of anticancer agents and the diagnosis of cancers
are provided.

As described above, the RUNX3 gene of the present
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 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
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inhibitor can induce the expression of the RUNX3 gene.
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.

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 prophylaxis and treatment of cancers as pharmaceutically
effective ingredients.

A method for diagnosing cancers characterized by
detecting the methylation of the nucleotide sequence
containing CpG islands present near exon 1 of the RUNX3 gene
comprises the steps of:

isolating genomic DNA from a tumor tissue of a subject;

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

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 of the RUNX3 gene.

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

steps of:
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Isolating genomic DNA from blood or a tumor tissue of a
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 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.

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

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

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

conventional biocengineering techniques. Biological chips can
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be classified into oligonucleotide <chips and cDNA chips
according to the genetic materials integrated thereon, and
they can 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 cDNA
fragments can be used for the diagnosis of various cancers,

including gastric and lung cancers.

EXAMPLES

A better understanding of the present invention may be

obtained in 1light of the following examples which are set

forth to illustrate, but are not to be construed to limit, the

15

20

25

present invention.

EXAMPLE 1: Establishment of the SNUl6-Rx3-AS and MKN28-Rx3

Cell Strains

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

and an antisense RUNX3 gene were established as follows.

1-1 Construction of expression plasmid vectors containing

sense and antisense RUNX3 genes

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

nucleotide sequence GenBank Accession No. Z35278) was used to
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construct plasmid vectors capable of expressing RUNX3. The
cDNA of the RUNX3 gene has the nucleotide sequence SEQ. 1ID.
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 sequence is SEQ. ID. NO: 2 (Figs. la to 1lc¢). 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).

A 2,244 bp BamHI DNA fragment (Fig. la) comprising a
coding region out of the cDNA of the RUNX3 gene SEQ. ID. NO:
1 was inserted in the sense direction into a pEF-BOS vector
(Mizushima et al., Nucleic Acids Res., 18(17):5322, 1990) at
an Xbal site to construct a recombinant plasmid vector, named
PEF-BOS-Rx3, which expresses a sense RUNX3 gene.

Separately, the RUNX3 ccDNA was inserted in the
antisense direction into a pEF-BOS vector at an Xbal site to

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

1-2 Stable transfection

The plasmid vector pEF-BOS-Rx3, established in Example
1-1, and pcDNA3.1, which contains a neo selection marker,
were co-transfected into the  MKN28 strain by the
Lipofectamine (Gibco BRL) method as specified by the
manufacturer. MKN28 does not endogenously express RUNX3.
Stable transfectants that harbored pEF-BOS-Rx3 (sense RUNX3
RNA) were selected in the presence of G418. The MKN28 strain

overexpressing sense RUNX3 RNA was named MKN28-Rx3 and
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deposited with the Korean 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
PEF-BOS-RxX3-AS along with pcDNA3.1l, which <contains a
selection marker, into the SNUl6 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-P
signaling system (Park et al., Proc. Natl. Acad. Sci. U. S.
A., 91 (10):8772-8776, 199%94). Stable transfectants were
obtained in the same manner as above. Two transfectants that
excessively express the antisense RUNX3 gene to selectively
inhibit the expression of the RUNX3 gene were named SNUl6-
Rx3-AS-cll and SNU16-Rx3-AS-cl2, and deposited with the
Korean Collection for Type Culture of KRIBB under the
deposition Nos. KCTC 0934BP and KCTC 0935BP on Jan. 9, 2001.
For comparison, pcDNA3.1 was transfected alone into
SUN16 and MKN28, which were cultured in the presence of G418.
The clones obtained were used as controls, named control-

SNU16 and control-MKNZ28.

1-3 Northern blot analysis

To determine whether the transfectants MKN28-Rx3,
SNU16-Rx3-AS-cll1, and  SNU1l6-Rx3-AS-cl2, established in
Example 1-2, express the sense RUNX3 gene or the antisense
RUNX3 gene in large quantities, Northern blotting analysis

was conducted.
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Total cellular RNA was prepared from each cell strain
according to a standard method (Sambrook et al., Molecular
Cloning, 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 Dby
electrophoresis and transferred onto a Hybond-N* nylon
menmbrane (Amersham). The RUNX3 cDNA of SEQ. ID. NO: 1 (Bae
et al., Gene, 159 (2):245-248, 1995) was labeled with [o-
¥pP]dCTP for use as a probe for Dblotting analysis.
Hybridization was conducted by incubating the Hybond-N* nylon
membrane and the radiolabeled RUNX3 DNA probe at 65°C for 16
hours in 5x Denhardt’s solution comprising 5x SSPE, 0.5% SDS
and 100 mg/ml of salmon sperm. Afterwards, the nylon
membrane was washed twice with 2x SSPE/0.1% SDS solution at
room temperature for 15 min and twice with 0.1x SSPE/0.1% SDS
solution at 65°C for 15 min. The membrane was exposed to
Kodak XAR-5 film for 16 hours at -70°C to vyield an
autoradiogram.

On the autoradiogram obtained from the MKN28-Rx3 strain,
a single band was observed at a position close to that of 18S
RNA, verifying the expression of the RUNX3 cDNA in the strain.
In contrast, SNU16-Rx3-AS-cll and SNUl6-Rx3-AS-cl2 cells,
which harbor the antisense RUNX3 cDNA, were found to give
antisense RUNX3 gene transcripts of various sizes as detected
by multiple bands on the autoradiogram. In the control-SUN16
strain, the expression of the endogenous RUNX3 gene was not

detected by Northern blotting analysis (see Fig. 3).
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EXAMPLE 2: Cell Death Effect of TGF-f and Role of the RUNX3

Gene In TGF-f-Induced Cell Death

2-1 Cell death effect of TGF-f

SNU16 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
the expression of the normal RUNX3 gene, were individually
treated with TGF-Bl (1 ng/ml), after which viable cells were
counted over a period of time. The results are shown in Fig.
4a.

As seen in Fig. 4a, the TGF-Bfl treatment induced cell
death in SNUl6 cells. Almost all SNUl16 cells were killed
within 2 days after treatment with TGF-Bl at a concentration
of 1 ng/ml. However, the SNU16-Rx3-AS-cll cells, in which
the antisense RUNX3 gene was excessively expressed to
selectively inhibit the expression of the RUNX3 gene, were
not killed after treatment with TGF-Bl. These results suggest

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

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

Cells dying through the programmed cell death pathway
reveal a distinct pattern of DNA bands when electrophoresed
in an agarose gel. After being treated with 1 ng/ml TGF-B1
for 6 hours, the control-SNUl6, SNU16-Rx3-AS-cll, and SNUl6-
Rx3-AS-cl2 strains were lysed to isolate genomic DNAs

according to a standard method (Sambrook et al., 1988,
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Molecular Cloning: a laboratory manual, 2™ Ed. Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY, USA). 0.2 ug of
each of the genomic DNA 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 SNU16 cells
treated with TGF-Bl1 (fig 4b, lanes 1 and 2). No apoptotic
bands were observed in the DNA from SNUl16-Rx3-AS-cll and
SNU16-Rx3-AS-cl2 cells, both of which over-express the
antisense RNX3 gene, and therefore have a selective reduction
in RUNX3 expression (fig 4b, lanes 3 to 6).

We concluded from these results that SNU16 cells are

killed by TGF-Bl stimuli through an apoptotic pathway and

that RUNX3 is required for the process.

EXAMPLE 3: Suppressive Activity of RUNX3 Against

Tumorigenicity

It is known that TGF-fl-induced apoptosis is a very
important mechanism for suppressing the progression of normal
cells toward cancer and that most of the factors in the TGF-
Bl pathway have tumor suppressor activity. The RUNX3 gene
was assayed for tumor suppressor activity using nude mice,
with the expectation that an anticancer effect would be seen.

To this end, the SNU16-Rx3-AS-cll and SNU16-Rx3-AS-cl?2
strains, in which RUNX3 gene expression is selectively

inhibited and the control-SUN16 strain were suspended in
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0.85% phosphate buffered saline (PBS) at a density of 3x10’
cells/ml, and 0.3 ml of each suspension was subcutaneously
injected into 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 5x%107 cells/ml, and 0.3 ml of each suspension was
subcutaneously injected into other groups of nude mice. Each
strain clone 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, SNUle-
Rx3-AS~cl2, and control-SNU16 cells was monitored for 98 days.
During these time periods, the cancerous masses that formed
were periodically measured for their external sizes. On the
final days, the mice were sacrificed to excise the cancerous
masses for comparison.

It was observed that tumors developed at higher rates
in the mice into which the SNU16-Rx3-AS-cll or the SNU16-Rx3-
AS-cl2 cells were injected than the mice into which the
control SNUl6é cells were injected, as shown in Fig. 5a. 1In
detail, cancerous masses formed in the control SNUl6é cell-
injected group were measured to be 800 mm® in volume at the
final day. 1In contrast, cancerous masses of the groups into
which SNU16-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 masses were excised from the mice and compared

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

MKN28-Rx3 cells, in which the sense RUNX3 gene is
expressed, and control MKN28 cells were also assayed for
tumor suppressor activity using nude mice in the same manner
as was used for the SNU1l6 cells. Mice injected with MKN28-
Rx3 cells exhibited significantly reduced tumorigenesis
compared to the mice injected with the control MKN28 cells,
as shown in Fig. 5b. In detail, the cancerous masses of the
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 the tumor growth was reduced by 58%.
Thirty days after the injection, the cancerous masses were
excised from the mice and compared to one another. The
cancerous masses excised from the MKN28-Rx3-injected
experimental group were macroscopically smaller than those
excised from the control group (Fig. 5c¢).

Taken together, these results demonstrate that the

RUNX3 gene has tumor suppressor activity.

EXAMPLE 4: Analysis of the Expression Pattern of the RUNX3

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 from 15 gastric cancer cell lines and 17 lung cancer
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cell lines and used to determine whether these cell lines
produce RUNX3 mRNAs. The gastric cancer cells used in this
analysis were SNU1l, SNU5, SNU719, NUGC3, MKN1l, MKN7, MKNZ28,
MKN45, MKN74, AGS, KatoIII, RF1l, RF48, and AZ521. The lung
cancer cell 1lines were NCI-H522, 86-2, A549, L1K79, LK87,
LCSC#1, LCSC#2, NCI-H23, NCI-H226, NCI-460, NCI-H322, Sg-19,
NCI-H1915, NCI-H630, Hs 888L u, Lub5, and I1X-1. All were
obtained from the Korean Collection for Type Culture of Korea
Research Institute of Bioscience and Biotechnology (KRIBB).

Total RNA was isolated from each cancer cell line,
according to a standardized single-step guanidium method
(Sambrook et al., Molecular Cloning: a laboratory manual, 2™
Ed., 1988, Cold Spring Harbor Laboratory). Using a
Superscript kit (Gibco BRL) according to the manufacturer’s
protocol, reverse transcription was performed to prepare cDNA
from the isolated total RNA with oligo-dTs serving as primers.
Based on the cDNA, the RUNX3 gene was amplified by RT-PCR to
determine the production of RUNX3 mRNA. For this RT-PCR, two
pairs of PCR primers, PS-N and PS-C, were synthesized, which
were composed of a set of the sense primer PS-NA SEQ. ID. NO:
4 and the antisense primer PS-NB SEQ. ID. NO: 5 and a set of
the sense primer PS-CA SEQ. ID. NO: 6 and the antisense
primer PS-CB SEQ. ID. NO: 7. The nucleotide sequences of
these two pairs of PCR primers were designed on the basis of
the cDNA nucleotide sequence of the RUNX3 gene SEQ. ID. NO: 1
(Fig. 5a).

For comparison, PEBP2B/CBFB cDNA and B-actin cDNA were

used as controls in the RT-PCR. To amplify the controls, a
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primer pair for PEBP2B/CBFB, consisting of the sense primer
h-p5 SEQ. ID. NO: 8 and the antisense primer h-B3 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 these primer pairs were designed on the basis of
human PEBP2B cDNA and P-actin cDNA nucleotide sequences.

In a thermal cycler, such as “Model 9600” manufactured
by Perkin-Elmer Cetus, RT-PCR was started with a 95°C pre-
denaturation of 50 pl of each PCR solution for 2 min and
carried out with 30 cycles of denaturing at 95°C for 15 sec,
annealing at 50°C for 1 min, and extending at 72°C for 1 min.
After completion of the RT-PCR, 5 pl of the RT-PCR product
was electrophoresed on a 1.2% agarose gel and dyed with
ethidium bromide for observation under UV light.

Among the gastric cancer cell 1lines, SNU5, SNUle,
SNU719, MKN1, MKN45, RF1l, RF48, MKN7, and AZ521 were found to
produce RT-PCR products with the expected sizes (1,080 bp
with the PS-N primer pair and 870 bp with the PS-C primer
pair). However, MKN7 produced RT-PCR products in very small
quantities, as shown in Fig. 6b. No RT-PCR products were
obtained from the SNUl, NUGC3, MKN28, MKN74, AGS, and KatoIII
cell lines when using either the PS-N primer pair or the PS-C
primer pair.

Among the 17 lung cancer cell lines, expression of the
RUNX3 gene was suppressed significantly in the HS888Lu cell
line and completely in the NCI-H226, NCI-460, NCI-H630, and

Lu65 cell lines, as shown in Fig. 6c.
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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
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.
6b.

As apparent from the autoradiogram, the RT-PCR products
were amplified from the RUNX3 cDNA (PS-3 ST). 1In addition,
the amplification of PEBP2f and P-actin cDNAs from identical
first cDNA strands was observed, indicating that the lack of
amplification of RUNX3 cDNAs in the gastric cancer cell lines
SNU1, NUGC3, MKN28, MKN74, AGS, KatoIII, NCI-H226, and lung
cancer cell lines, NCI-460, NCI-H630, and Lu65 can be
attributed to a lack of expression of the RUNX3 gene in those
cell lines. Likewise, the low levels of the RT-PCR products
in the MKN7 and Hs888Lu cell lines result from the low
expression levels of the RUNX3 gene in those cell lines.

From the above results, it is apparent that the RUNX3
gene 1is remarkably or completely suppressed in about 47% of
the gastric cancer cell lines and about 30% of the lung
cancer cell lines. Because TGF-Bf-induced apoptosis does not

occur and the tumorigenicity of cancer cells is increased in
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the substantial absence of RUNX3, the suppression of 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 cancer cells examined).

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

RUNX3 Gene In Cancer Cell Lines

5-1 Analysis of DNA methylation by Southern blotting analysis

of genomic DNA

To determine whether the suppression of RUNX3 gene
expression was caused by DNA methylation, correlation between
the expression of the RUNX3 gene and the hypermethylation of
CpG islands at loci near RUNX3 exon 1 was analyzed through
genomic DNA Southern blotting using restriction enzymes
sensitive to DNA methylation.

Genomic DNAs were isolated from cancer c¢ell lines
according to a standardized SDS/protease K method (Sambrook
et al., 1989). The isolated genomic DNAs were treated with a
restriction enzyme that 1is unable to cut methylated DNA
(Smal), and separately, with one that is able to cut DNA
irrespective of methylation (BamHI). The restriction enzyme
digests were electrophoresed on a 1.5% agarose gel and then
transferred onto a Hybond-N' membrane. A genomic DNA
Nhel/Mlul fragment comprising CpG islands of the RUNX3 gene
was used as a DNA probe (Fig. 7a), and hybridization was
carried out in the same manner as in the Northern blotting

analysis of Example 1-3, followed by autoradiography on XAR-5
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films. The genomic DNA was isolated from human genome DNA
libraries with the RUNX3 cDNA of SEQ. ID. NO: 1 serving as a
probe.

The Smal digestion was observed to be greatly reduced
specifically in those gastric cancer cell lines whose RUNX3
gene expression was not detected, that is, in the SNU1l, NUGC3,
MKN28, MKN74, AGS, and KatoIII cell lines, as shown in Fig.
7b. The MKN7 cell line in which the expression level was
significantly low showed a partially methylated pattern (Fig.
7b). These results indicate that the expression of the RUNX3
gene is closely correlated with the level of DNA methylation
at loci near RUNX3 exon 1 in cancer cell lines. Since RUNX3
gene-specific bands are detected in all of the cell 1lines
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

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

5-2 Reactivation of the RUNX3 gene

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

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

(AZA, 300 nM), which inhibits DNA methyltransferase, and
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trichostatin A (TSA, 1 mM), which inhibits Thistone
deacetylase, alone or in combination. After 3 days of the
treatment, total RNA was isolated from each cell 1line 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
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 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.

EXAMPLE 6: Acute Toxicity Test upon Parenteral Administration

of pEF-BOS-Rx3 to Rat

An acute toxicity test was conducted using rats of a
specific pathogen-free SD lineage at 6 weeks of age. pEF-
BOS-Rx3 (prepared as described in Example 1-1) was suspended
in 1 ml of a physiological saline solution and administered
to the anterior tibialis of two rats at a dose of 1 mg/kg by
intramuscular injection. After the injection, the rats were

observed for death, clinical traits, and body weight changes,
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and serological and serobiochemical analyses were conducted.
In addition, the rats were sacrificed in order to observe the
abdominal and thoracic organs. In neither animal were
specifically noteworthy clinical traits found. No animals
died from the administration of the test material, and no
changes were observed in the body weight. The serological
assay, serobiochemical assay, and autopsy test were all
normal. Accordingly, pEF-BOS-Rx3 was identified as safe,

with an LDs; of at least 1 mg/kg upon parenteral injection.

INDUSTRIAL APPLICABILITY

As described previously herein, the RUNX3 gene of the
present invention shows excellent tumor suppressor activity
and is indispensably involved in TGF-Pf-dependent programmed
cell death (apoptosis). Additionally, the suppression of
RUNX3 gene expression 1s attributed to abnormal DNA
methylation of CpG islands located near exon 1 of the RUNX3
gene. Accordingly, the RUNX3 gene and its products (RNA and
proteins) can be utilized for the development of gene therapy
for cancers. Measurement of the abnormal DNA methylation in
the vicinity of exon 1 of the RUNX3 gene is useful for
diagnosis of cancers. In addition, chemicals capable of
regulating the abnormal DNA methylation and its consequences
(for examples DNA methyltransferase inhibitors and HDAC
inhibitors) can be used as anticancer agents because of their

ability to promote the expression of the RUNX3 gene.
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BUDAPEST TREATY ON THE INTERNATIONAL ammnx oF m DRFOS!T
OF MICROCRGANISMS FOR THR PURPOSE OF PATENT PROCEDURE

INTERNATIONAL FORM
RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT

| Issuad pursuant to Rule 7.1

TO @ BAE, Suk~Chul

Department of Biochemisury, College of Medicine, Chungbuk National Unmiversity,

S48 Gaeshin~dong, Heungduk-ku, Cheongju-si, Chunghbuk 461-763
Rupublic of Korea

1. IDENTIFICATION OF THE MICROORGANISM

N . Accession number given by the

Identification reference given by the ‘

DEPOSITOR: m’I‘ERNATIQNAL DEPOSITARY
AUTHORITY:

MKNZ28-Rx3

KCTC 0833BP

B SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under 1 above was az:oempamed by:
[ x ] a scientific deseription

{ 1 aproposed taxonomic deszgnawn
{Mark with & cross where applicable)

1. RECEIPT AND ACCEPTANCE

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

V. BECEIPT OF REQUEST FOR CONVERSION

The microorganissn identified under 1 sbove was received by this International Depositary
Authority on and a request to convert the original deposit to a deposit
under the Budapest Treaty was received by it on

V_INTERNATIONAL DEPQSITARY AUTHORITY

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

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

Address: Korea Regearch Institute of

} Bioscience and Biomchn;)logy K S .
' (KRIBB) L
| #2, Oun-dong, Yusong-ku,

Taejon 305-333, BAE, Kyung Sook, Director
Republic of Korea Date: January 26 2001
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BUDAPENT TREATY ON THE INTERNATIONAL mmm THE I!KPOSXT
OF MICROOUGANISMS FOR THR PURPOSE OF PATENT PROCEDURE

e
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INTERNATIONAL FORM
RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT

! issued pursuant to Rule 7.1

TO @ BAE, Suk-Chul
Department of Biochemistry, College of Medicine, Chungbuk National University,
$48 Gueshin-dong, Heungduk-ku, Cheongju-si, Chungbuk 361-763
Rupublic of Korea

1. IDENTIFICATION OF THE MICROORGANISM

I . . Amessiannmnhmgivmsyﬂxe
e carton reference given by the INTERNATIONAL DEPOSITARY
R AUTHORITY:
DL SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified onder 1 above was mm;mued by
[ x ] a scientific description

{ ] a proposed taxonomic designation
{Mark with a cross where apg:%mab!e)

. RECEIPT AND ACCEPTANCE

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

V. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under I above was received by this International Depositary
Authorily on and a request W convert the original deposit to & deposit
unider the Budapest Treaty was recoived by it on

Vv _INTERNATIONAL DEPOSITARY AUTHORITY

Name. Korean Collection for Type Cuftures | Signature(s) of person(s) having the power
to represent the Intemnational Depositary

Authority of suthorized official{s):
Address: Korea Research Institute of

Bioscience and Biow:hn&lcgy )a{ S .
{KRIBB) ¢
#52, Oun~-dong, Yusong-ku,

Tacjon H5-333, BAE, Kyung Sook, Director
Republic of Kores Dats: January 26 2001
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BUDAPEST TREATY ON THE INTERNATIONAL nmm oF m DE?OS)T
OF MICROORGANISMS FOR THE PURMOSE OF PATENT PROCZDURE

INTERNATIONAL FORM
RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT

. issued pursuant to Rule 7.1

H

TO @ BAFE, Suk-Chul

Department of Biochemistry, College of Medicine, Chungbuk National University,

348 Gacshin-dong, Heungduk-ku, Cheongju-si, Chungbuk 361-763
Rupublic of Korea

1. IDENTIFICATION OF THE MICROORGANISM

N . Accessionp number given by the
Tdentification reference given by the

AUTHORITY:

SNUI6-Rx3-AS~c12 KCTC. 0935BP

{1 SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

l‘he microorganism identified under I above was accompamed by:
{ x ] a scientific deseription

{ ] 2 proposed taxonomic designation
{Mark with 8 ¢cross Where amﬁlcahle)

. RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism identified under I above.
which was reccived by it on January 09 2001.

v, RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under 1 above was received by this International Depositary
Authority on and a request to convert the original deposit to a deposit
under the Budepest Treaty was recaived by it on

. V. INTERNATION SITARY AUTHORITY

Name: Korean Collection for Type Cuttures | Signature(s) of person(s) having the power
to represent the International Depositary
Authority of authorized official(s):

Address: Korea Research Institute of
Bioscience and Biotechnology .
(KRIBB) t

#52, Oun~dong, Yusong-ku, '

Tagjon 305-333, BAE, Kyung Sook, Director

Republic of Korea Date: January 26 2001
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WHAT IS CLAIMED IS:

1. A human RUNX3 gene with tumor suppressor activity,

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

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

amino acid sequence SEQ. ID. NO: 2.

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

sense RUNX3 gene to be expressed.

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

allows an antisense RUNX3 gene to be expressed.

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

gene of claim 1.

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

into the MKN28 strain.

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

gene.

8. The cell strain as set forth in claim 7, wherein the
cell strain which selectively inhibits the expression of the
RUNX3 gene, is SNU16-Rx3-AS-cll (Deposition NO: KCTC 0934BP)
established by transfecting the expression plasmid of claim 4

into the SNU1l6 strain.

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

into the SNU1l6 strain.

10. A pharmaceutical composition as an anticancer agent,

comprising the expression plasmid of claim 3.

11. A pharmaceutical composition as an anticancer agent,

comprising the RUNX3 gene of claim 1.

12. A pharmaceutical composition as an anticancer agent,
comprising the RUNX3 cDNA having the nucleotide sequence SEQ.

ID. NO: 1.

13. A pharmaceutical composition as an anticancer agent,
comprising the RUNX3 RNA transcribed from the RUNX3 gene of

claim 1.
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14. A pharmaceutical composition as an anticancer agent,

comprising the RUNX3 protein of claim 2.

15. A pharmaceutical composition as an anticancer agent,
comprising a material capable of regulating the histone
deacethylase activity and methylation of a nucleotide
sequence SEQ. ID. NO: 3, containing CpG islands in the

vicinity of the exon 1 of an RUNX3 gene.

16. A method for diagnosing cancers, characterized by
detecting the methylation of a nucleotide sequence SEQ. ID.
NO: 3, containing CpG islands present near exon 1 of the
RUNX3 gene, comprising the steps of:

isolating genomic DNA from a tumor tissue of a subject;

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

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

hybridizing the genomic DNA digests with a radiolabeled
DNA probe for a RUNX3 gene; and

exposing the membrane to a film to detect the

expression of the RUNX3 gene.

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

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

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

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

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

10 of interest.

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

15
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FIG. la
CCGCCACTTGATTCTGGAGGATTﬂﬂﬂKgﬁGGGCTGCGGCCGCGGAGTCG
Ps~NA

GGGCGECCGCGEEEGAGCTTCEGEGCEEEAGECEGECGGCAGEGGCACAGE 100
CCCGCGLGGEGCCCCGLLGCEECCCAGGCAGCCGEGACAGCCACGAGGGGE
GGCCGCACGCEGEECCGCECGCCEAGGATGCGGGACTAGCCGGGCAGGET 200
GCEGSCHGGUUETUGGGCCAGCCBAGGCCTCECAGLGOEUEGECCCTEGCGA
GTATTGGCCGEGCECCGCCCCCTECECCCTGATGCCCGGECCCCECCEET 300
CTGCTTTCCCGUTTCTCGOGGCAGCEECEGCCEAGGAGGCGTTTERGHT
GGOCGCCCCCGHGLEAAGCCECECCETCTCCGCCTGCCCGGCGCCCTGAC 400
GGCCGCTGTTATGCGTATTCCCHTAGACCCAAGCACCAGCCGCCECTTCA
CACCTCCCTCCCCEGCCTTCCCCTRCEELH6CGGCGGCEECARGATGEET 500
GAGAACAGCGGCOLGTTGAGCECECAGECEGCCETCEEECCCGEAGEGEE
COLCCGGCCCGAGET GOECT CEATCETEEACCTGCTGGCGGACCACGCAG 600
GCGAGCTCOTGCGCACCEACAGECCAACTTCCTCTGCTCCETGCTGECE
TCGCACTGGCGCTGCARCARGACGCTGCCCETCGCCTTCARGGTGGTGGE 700
ATTGGGGGACGTGCCGEATGETACGETGETGACTGTGATCGCAGGCAATE
ACGAGAACTACTCCGCTGAGCTGCGOAATGCCTCGECCGTCATGARGAAC 800
CAGGTGGCCAGGTTCAACGACCTTCGCTTCETGGGCCGCAGTEGGCEAGS
GAAGAGTTTCACCCTGACCATCACTETGTTCACCAACCCCACCCAAGTGE 900
PE=CR >
CGACCTACCACCGAGCCATCAAGGTGACCETGGACGGACCCOGEEAGEEC
AGACGGCACCGGCAGAAGCTGCAGGACTAGACCAAGCCGTTCCCTGACES 1000
CTTTGGGGACCTEEAACGECTGCGCATCCGEGTGACACCCAGEACACCCA
GCCCCCEAGGCECACTCAGCACCACAAGLEACTTCAGCAGCCAGCCCCAS 1100
Ps~NR
ACCCCARTCCARGGCACCTCGGARCTGAACCCATTCTCCGACCCCCGOCA
GTTTGACCECTCOTTCCCCACGCTCCCARCCOTCACGGAGAGCCGCTTCC 1200
CAGACCCCAGGATGCATTATCCCGEGGOCATGTCAGCTGCCTTCCCOTAC
AGCGCCACGCCCTCEGGCACGAGCATCAGCAGCCTCAGCGTGECEEECAT 1300
GCCGGCCACCAGCCGCTTCCACCATACTTACCTCCCGCCACCOTACC TGS
GEGECCCGCAGAACCAGAGCGGECCCTTCCAGGCCAACCEGTCOCCCTAC 1400
CACCTCTACTACGGGACATCCTCTEGCTCCTACCAGTTCTCCATGETGGE
CGGCAGCAGCAGTGEEGECGACCECTCACCTACCCGCATGETGGCCTCTT 1500
GEACCAGCAGCGCTGCCTCTGTCGCCGCCGGCAACCTCATGAACCCECAGE
CTGGGCEGCCAGAGTGATGGCGTGEAGECCOACGGCAGCCACAGCAACTE 1600
ACCCACGGCCLTGAGCACGCCAGGUCGCATGEATGASGLCETOTEGOGHC
CCTACTGACCGCOCTEETEGACTCCTCOCGETGRAGECGEGACCCTARE 1700

AMACCTTCAAGACCAGTGATEGGCCGEUTCCCAGGUTCCHGECGGEGAATGE
Ps-CB
GACCTGCGCTCCAGGGTGETCTCGCTCCCAGGETEGETCCCAGCTEETGGG 1800
AGCCTCTGGECTGCATCTGTGCAGCCACATCCTTGTACAGAGCCATAGGTT
ACCACCCCCACCCCEGEUCCEGEATACTGCCCCCGGCCCAGATCCTGGTOE 1900
TCTCATCCCATACTTCTETGGGUAATCAGCCTCCTGCCACCCCCCCGGAA
GGACCTCACTGTCTCCAGCTATGCCCAGTGCTGCATCGGACCCATGTCTS 2000
CTGGCACAGAGGCCATCTCTCTTCCAGAGAGAGGCAGCATTGGLCCACAG
GATAAGCCTCAGGCCCTGEGAAACCTCCCGACCUUTGCACCTTCOTTGGA 2000
GCCCCTGCATCCCCTGGGTCCAGCCCCCTCTGCAT T TACACAGATTTGAG
TCAGAACTGGAAAGTGTCCCCTACCCCCACCACCCTCEAGCGEEETTCCC 2200
CTCATTGTACAGATGGGGCAGGACCCAGCACGUTGCTGGCAGAGATGGTT
TGAGAACACATCCAAGCCAGTCCCCCCAGCCTCAGCTICCCCTCCGTTCCT 2300
AACTGTTGGCTTTCCCCCAGCCGCACGGGCTCCCAGGLCCCAGAGAAGATS
AGTCTATGGCATCAGGT TCTTAMACCCAGGARAGCACCTACAGACCGGLT 2400
CCTCCATGCACTTTACCAGCTCRACGCATCCACTCTCTCTTCTCTTGGOA
GGGCGEEEEAGGEGGGATAGGAGGTCUCCTTTCCCCTAGGTGGTCTCATA 2500
ATTCCATTTGTGGCAGAGAACAGGAGGGCCAGATAGATAGGTCCTAGCAGA
AGGCATTGAGGTGAGGGATCAT TTTGGGTCAGACATCAATGTCCCTETCC 26060
CCCCTGGGTCCAGCCAAGCTGTGCCCCATCCCCCAAGCCTCCTGGGAGGA
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FIG. 1b

TCCAGCCAAATCTTGCGACTCCTGGCACACACCTGTCTGTAACCTGTTTT 2700
GTGCTCTGAAAGCAAATAGTCCTGAGCAAAAAAAAAARAAAAACAARRAAD
ACAAAARAAAAAACAAAACAGTTTTTAARAACTGATTTTAGAAAAAGAAGCT 2800
TAATCTAACGTTTTCAARACACAAGGTCTCTTACAGGTATAGTTCCGTGAT
TATGATAGCTCTGTGATTATAAGCAACATCCCCGCCCCCTCTCCCLCCCG 2900
CGGACCCCCAGCTGCCTCCTGAGGGTGTGGGGTTATTAGGGTCTCAATAC
TTTCTCAAGGGGCTACACTCCCCATCAGGCAGCATCCCACCAGCCTGCAC 3000
CACAGGCTCCCCTGGGAGGACGAGGGAAACGCTGATGAGACGCTGGGCAT
CTCTCCTCTGTGGCTCTAGGACATCTGTCCAGGAGGCTGGGCGGAGGTGG 3100
GCAGGATGTGAGAGCTGGGCAGCTACTGGECTGTGCGTGGCAGGACAGAAGT
ACTGTAAAGGGCTCTCCAGCCGCAGCTLAGCTGCACTGCETTCCGAGETG 3200
AAGTCTTGCCCCTGAATTTTGCAAAATGGGAAAGTGGGCGCTTGCCCAAG
GGCCAGGCTGCATGGATTCTCACATCAGAGTTCTCTGGCCCTAGARAGGC 3300
TTAGAARAGGCGTAAGGGAACT CATAAAGGCTAGCAGCATGCGGTATTTY
AACTTTCTGCCTCGGCCTCTGTGCGATGCAGAAATCTGCCCTACAAAATGC 3400
TCTTCATTGGTTGTCTCTGTGAGAGCACTGTCCCCACCCAACCTGTCACA
ACGGCCAGAACCATACACCAGAGACACACTGGCAGGTTAGGCAGTCCTTC 3500
TGGTGATCCTATTCCATTCCCTCCTGCTGCGGTTTCTCTTGGCCTGTCCT
CACTGGAAAAACAGTCTCCATCTCCTCAAAATAGTTGCTGACTCCCTGCA 3600
CCCAAGGGGCCTCTCCATGCCTTCTTAGGAAGCAGCTATGAATCCATTGT
CCTTGTAGTTTCTTCCCTCCTGTTCTCTGGTTATAGCTGGTCCCAGGTCA 3700
GCGTGGGAGGCACCTTTGGETTCCCAGTGCCCAGCACTTTGTAGTCTCAT
CCCAGATTACTAACCCTTCCTGATCCTGGAGAGGCAGGGATAGTAAATAA 3800
ATTGCTCTTCCTACCCCATCCCCCATCCCCTGACAAAAAGTGACGGCAGE
CGTACTGAGTCTGTAAGGCCCAAAGTGGGTACAGACAGCCTGGGCTGGTA 3900
AAAGTAGGTCCTTATTTACAAGGCTGCGTTAAAGTTGTACTAGGCAAACA
CACTGATGTAGGAAGCACGAGGAAAGGAAGACGTTTTGATATAGTGTTAC 4000
TCTGAGCCTGTCAGTAGTGGGTACCAATCTTTTGTGACATATTGCTCATGE
TGAGGTGTGACACCTGCTGCACTCATCTGATGTARAAACCATCCCAGAGCT 4100
GGCGAGAGGATGGAGCTGGGTGGAAACTGCTTTGCACTATCGTTTGCTTG
GTGTTTGTTTTTAACGCACAACTTGCTTGTACAGTAAACTGTCTTCTGTA 4200
CTATTTAACTGTA 3
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FIG. lc

MRIPVDPSTSRRETPPSPAFPCGGGGGKMGENSGALSAQAAVGPGGRARP
EVRSMVDVLADHAGELVRTDSPNFLCSVLPSHWRCNKTLPVAFKVVALGD
VPDGTVVTVMAGNDENYSAELRNASAVMKNQVARFNDLREFVGRSGRGKSF
TLTITVFTNPTQVATYHRAIKVTVDGPREPRRHRQKLEDQTKPFPDRFGD
LERLRMRVTPSTPSPRGSLSTTSHFSSQPQTPIQGTSELNPFSDPRQFDR
SFPTLPTLTESRFPDPRMHYPGAMSAAFPYSATPSGTSISSLSVAGMPAT
SRFHHTYLPPPYPGAPQNQSGPFQANPSPYHLYYGTSSGSYQFSMVAGSS
SGGDRSPTRMLASCTSSAASVAAGNLMNPSLGGQOSDGVEADGSHSNS PTA
LSTPGRMDEAVWRPY

3/17



WO 02/061069 PCT/KR01/00121

FIG. 2a

CCTTCTGCTTCCTAGCCCTGCTGTGGACAACTTAGGGTGCTCTTAGGTGG
GGGCCACTGGGGAGAAACTGGCCTGTTTGTCCATCGATCTGATGGAAGAG
GGAGAAAAGACGACGGTCCATGCCAACTGGGGAAGGGCGAGGGTGTCTGC
ATGCCCCAGGTGGGGGAGTCGGAGTTCTCCCTCCCATCARACAGACGACA
ATTTTTGTCGGTCCGGGATGGGGAGGAAGCAGGTGGAAATTGGGAACAAQ
CTAGCCTGTTCTGTGGGTGTTCCCCGGGTGCCTGAAAACGCGA@GACAGA
AGGCGTCCATCTTATCAGAGGTGAGCAAGGCGGCCTTGGT TTGACACAAA
GCCATCGGTTTGTCTGAGACCTGGCCGCATGGATGGCAAGGAAAGGGCAG
CTCCTCGGGGECGETCGCCGCGCCTGCACCCGEGGCCCCAGCTGGCGCEE
ATCTGTAGCCCGGCCGGGCCCGCACCTCCGCGGCTGGCAGGGCGCGGGCE
CCAACTAGCGGCGGCTCCCGCCACTGTGCCTGCCAGGCGGCCCCGCGACT
TTGGTCTGGGGACCCAAGGGCCTGCACCCGLCCCCECTCCCCCCGCCGEC
CTGGTCCCTTGGATCTGGTGCCCACGGGGAGCCAGCGCCCTACGGAGAGC
CGGAGCCGTGCCGGEGCCCTGCGCCAGGTGCCAGGGCCCACAAGAGTCCCT
CATTCTCTGGAAACTTGTCTGTGAACCCATCGTAAGCGGAGAGGGAGRAA
TCAGGCGGAGGAACAAGCAAAGGGCACGGTGCAAACCGAARCCATTCGAC
ARATGGAATTTACCACCACCTGARACAGCGGGTCATGGTCCCGCAACCTG
CTCGAGGGCAGCACGTGTTGCCCGCCCCCGGCCAGGGCCCTACCTGGCCA
CGACGCGCTGCGCCTTCTCGGAGACGTTCCCGGAGGTGGGAGCGCCCAGS
CTGGATCACTCGCTTTCCTCTAGTTCTGCTGCTCGTGCCAGCGCGTCCGA
GGGCGCGCGGGCCTGGGTCCGCAATCGACAACTGCCAGGCGCAGGCTETC
TTAAAAGGTTCAGTAAGGGACCTTTGCCGTCCTTCCTTTCGACACGGCCT
GAGGGCGTGCTGTGAGGT CCCGAGGTGGGTAGGGGCCAGCTCTCCCGGTG
GTCGGGGTGAGTCCAGAGTCCTTCGCCCCTGGAGCGCACGCGGGGCTTGA
TTTCGTTTGGCAACGACGAAATGGCGCGCGCTGAGCAGGGGTCAGATCCA
TGATGAGATCTTGCGGCCACCGTCGGATCCTAAGCTTCT TTGCTTCCGAG
GCTTGGAATTCATTGTTTTGCACCTGTCGAGAGCCGGAGGCAACGARAAT
CTAGCCCCGTCTCCAAAGCGGCGGGGAGGC TCAGCACGCGTTCGTTCCCC
AGAGTCTAGGGAGGTGTCTGGGGCGATAATTCGGARTGAT TGTGGCTTGA
TCTTTCCCGTTGCCCTCCCAACTGTAGCCGGCCCCTAGGTCTGCTCGACA
GACTTAGGAGGCGGGAGAGGAAGGGGTGATTTGCAGTGAAGCCCAGGAGA
GGTTGGGCCACGCGGCTGGGAGCTGGGAGCGGEEACCCGGAGCCGGGCGGG
CAGGCAGTGCCTTCGCGAAGCTGTCCGCGGTCCCTGCGGCGCAGCCGGAG
CGCACGGGCCCAAGAAGAAGTGGGGTTGGACCCGCAGAGGCCACTTTCCA
CCCGCATGGAGAAAGAAAATTCTCTCCTCTGAAAGCGAGGGCCCTTAGCT
TTGCAGCCACTGCTCTTTTTCTTTTGCCACCGACGCGCGTACCGTTTCAC
GATGCAGCACCCTGGTTACATGCGTARAGGAAARAAAGAAARACGCATTT
TGCAGGCCTCETCCTST T TITCARLGAGLCACAGGCCGCIACAACGARSA
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FIG. 2b

ACGACGCCGCGAGGCCTGCAAGAT CCTGAAACTTGTTTTGAGGGGAGAGC
AGAGAGGAAAGGGGTTGTTGGCCCCAGGCTACTTAGGGTCCCTAGGAGAC
TCCCTTCCGCCTGTCCCCGGTTTGGCACAGGGGCCACCGAGGCTGGGACC
AAAGCCGCGCAGGGCTGGGAGCAGCAAAGGCCGCCGGCCGGGCGTGGACG
ACGCGCAAARTCCCGTGTGGGGTGGAGGCTCTTGGGTCAGAATAATGTGC
GGGACGAGGGAGGTGAGTAACCTCTTTGGGGCGGCTCCCAGTGCGGCGTC
ACCGGCCCTGAGACCCCGCGGCCCCCAGCCCGGGGTTGCAGAAGTCACAG
GCCCGAAGCAGCAAGAGCTGGGGAAGCCCGGCCGCGGCCAGCGGGGAGGA
GGAGCGAAGGGGTTGCGCCCCAGCGTCAGGGAGCTACGACCCGAGAGAGS
GCGGCAAGGGCGCCTTCCGTGGGACCCGGACGTTCTARGCARATTTCTAG
CATTTGCCCCGGGCTCCCAGAGCTCTCGGGGGCCCTGGGCTGTGGCACTG
GGGCCTCCTCCGCGGEETGGCGCCTTCCGCCCCTCCCCGTTGGGCGGCCT
CCGGCAGGCCCCGTTCCTCCCCGCGAACGCCACCGAGGTGCCCGCGATGG
GGGCTCCGCCGATTGGCTGTGCGACGCGTCGCTCCGCCAGCCCCGCCCCG
CGGGCCCCGGGGGTACTAACCCCGCGCGGGCGGCCGCGGCCCCGCCACTT
GATTCTGGAGGATTTGTTCTGGGGCTGCGGCCGCGGAGTCGGGGCGEGCCa
CGGGCGAGCTTCGGGGCGGGAGGCGGCGGCAGCGGCACAGCCCCGECGLGE
GCCCCGCCGLCGGCCCAGGCAGCCGGGACAGCCACGAGGGGCGGCCGCACG
CGGGGCCGCGCGCCGAGGATGCGGGACTAGCCGGGCAGGCTGCGGGCGGE
CGTCGGGCCAGCGAGGCCTCGCAGCGGGCGGGCCCTGGCGAGTAGTGGCE
GGGCGCCGCCCCCTGCGCCCTGAGGCCCGGGCCCCGCCGCTTCTGCTTTC
CCGCTTCTCGCGGCAGCGGCGGCCGAGGAGGCGCCCGCGCCEGCCGLCCT
CGGGEGEAAGCCGCGCCGTCTCCGCCTGCCCOGCGCCCTGACGGCCGOTET
TATGCGTATTCCCGTAGACCCAAGCACCAGCCGCCGCTTCACACCTCCCT
CCCCGGCCTTCCCCTGCGGCGGCGGCGGCGGCAAGATGGGCGAGAACAGC
GCCGCECTGAGCCCOCAGEUESTCGTEEGGECCEEAGGECGLGCCCEEET
CGAGGTGCGCTCGATGGTGGACGTGCTGGCGGACCACGCAGGCGAGCTCG
TGCGCACCGACAGCCCCAACTTCCTCTGCTCCGTGCTGCCCTCGCACTGE
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<110>
<120>
<130> 0f
<160> 11
<170>
<210> 1
<211> 42
<212> DN

<213>

<400> 1
ccgecacttg

gggegagett

gcccaggceag

cgggactagce

geeectggega

tctgetttee

gggggaagcce

ccgtagacce

8CE8CEECEE

€Cggagggce

gcgagctegt

gctgcaacaa

gtacggtggt

po—12-21

13
A

attctggagg

cgggecgeea

ccgggacage

cgggceaggcet

gtattggecg

cgettetege

gecgeegtctce

aagcaccagc

caagatgggc

cgeecggcecc

gegeaccgac

gacgctgcecc

gactgtgatg

SEQUENCE LISTINGS

BAE, Seok-Cheol

KopatentIn 1.55

human SNUX3 cDNA gene

atttgttctg

ggcggegecea

cacgagggsgc

8CEEBCEECC

ggegeegeece

g8CagCgeCEg

cgectgeecg

cgcegettcea

gagaacagcCg

gaggtgegcet

agccccaact

gtcgecttca

gcaggcaatg

gggetgeggc

gcggcacagce

ggccegeacge

gtcgggecag

cctgegecct

gccgaggagg

gecgecectgac

cacctcccte

gcgegetgag

cgatggtgga

tcetetgete

aggtggtggc

acgagaacta

cgeggagtceg

CCCECECLBLE

E888CCECEC

cgaggcectcg

gatgceceggg

cgeecgegece

ggeegetgtt

ceceggecttce

cgcgcaggcg

cgigetggeg

cgtgetgece

attgggggac

ctecegetgag

RUNX3 gene showing anti-tumor activity and use thereof

gg8gcggccegc

ccecgeegeg

gccgaggatg

cagcggecesg

cceegeeget

ggccegecececee

atgcgtattc

ccetgeggeg

geegtggggc

gaccacgcag

tcgcactgge

gtgeecggatg

ctgcgcaatg
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ccteggeegt

gtggecgagg

cgacctacca

ggcagaagct

tgecgecatgeg

acttcagcag

acccececegeca

cagaccccag

cctegggceac

accataccta

aggccaacce

ccatggtgge

gcaccagcag

agagtgatgg

caggccgcat

ctggaggegg

gcgggaatgg

agecctctgge

cceeggeecg

gggaatcagce

ctgcatggga

cétgaagaac
gaagagtttc
ccgagccatc
ggaggaccag
ggtgacaccg
ccagccccag
gtttgaccge
gatgcattat
gagcatcagc
cctecegeca
gtccecctac
cggcagcagce
cgetgectct
cgtggaggcece
ggatgaggcc
ggaccctaac
gacctgegcet
tgcatctgtg
ggatactgcc
ctcctgecac

cccatgtctc

caggtggcca

accctgacca

aaggtgaccg

accaagccgt

agcacaccca

accccaatcc

tcetteececa

cceggggceca

agcctcageg

ccctaceegg

cacctctact

agtgggggeg

gtcgeegeceg

gacggcagcce

gtgtggegge

aaccttcaag

ccagggtggt

cagccacatc

cceggeccag

ccccccggaa

ctgggacaga

ggttcaacga

tcactgtgtt

tggacggacc

tccctgacceg

gceceecgagsg

aaggcacctc

cgetgecaac

tgtcagctgc

tggcgggeat

gggccececegea

acgggacatc

accgctcacc

gcaacctcat

acagcaactc

cctactgacc

accagtgatg

ctcggtcecca

cttgtacaga

atcctggecg

ggacctcact

ggccatctct

ccttegettc

caccaacccce

ccgggagecce

ctttggggac

ctcactcagc

ggaactgaac

cctcacggag

cttceectac

geeggeeace

gaaccagagc

ctectggetcece

tacccgcatg

gaaccccage

acccacggec

geeetggtge

ggceggetee

gggtggteec

ggcataggtt

tctcatccca

gtctccaget

cttccagaga

gtgggcegea

acccaagtgg

agacggcacc

ctggaacgge

accacaagcc

ccattctceeg

agccgcettcee

agcgeccacge

agccgettcee

gggeecttece

taccagttct

ctggectctt

ctgggeggcc

ctgagcacge

actcctcecg

gaggctccgg

agectggtgeg

accaccccca

tacttctgtg

atgcccagtg

gaggcagcat
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tggcccacag

gecccctgeat

aaagtgtccc

ggacccagea

ccagcttccce

agagaagatg

cctccatgca

ggggggatag

aggagggeca

agacatcaat

cctgggagga

gtgctctgaa

aacaaaacag

caaggtctct

ccegeceect

gtctcaatac

cacaggctcc

tggctctagg

agtactggct

ctgcactgeg

cttgcccaag

ttagaaaagg

gataagcctc

ccectgggte

ccaccceccac

cgetgetgge

ctcegttect

agtctatggc

ctttaccagc

gaggtcccct

gatagatagg

gtceetgtcece

tccagccaaa

agcaaatagt

tttttaaaac

tacaggtata

ctccececcg

tttctcaagg

cctgggagga

acatctgtcc

gtgegtggea

ttccgaggtg

ggccaggetg

cgtaagggaa

aggeectggg

cagcccecte

caccctcgag

agagatggtt

aactgttggc

atcaggttct

tcaacgcatc

ttccectagg

tcctagcaga

cceetgggte

tcttgegact

cctgagcaaa

tgattttaga

gttccgtgat

cggacccceca

ggctacactc

cgagggaaac

aggaggctgg

ggacagaagce

aagtcttgcce

catggattct

ctcataaagg

aaacctccecg

tgcatttaca

cggggttecec

tgagaacaca

tttcceccag

taaacccagg

cactctctgt

tggtctcata

aggcattgag

cagccaagct

cctggcacac

aaaaaaaaaa

aaaagaagct

tatgatagct

gctgectect

cccatcaggce

gctgatgaga

gcggaggtgg

actgtaaagg

cctgaatttt

cacatcagag

ctagcagcat

acccctgeac

cagatttgag

ctcattgtac

tccaagccag

ccgcacgggt

aaagcaccta

tctcttggea

attccatttg

gtgagggatc

gtgccccatce

acctgtctgt

aaaCaaaaaa

taatctaacg

ctgtgattat

gagggtgteg

agcatcccac

cgetgggceat

gcaggatgtg

gctctecage

gcaaaatggg

ttctetggec

geggtatttt

cttcgttgga

tcagaactgg

agatggggca

tcceecccage

cccaggeece

cagaccggct

g8gcggeegea

tggagagaac

attttgggtc

ccccaagect

aacctgtttt

aCaaaaaaaa

ttttcaaaca

aagcaacatc

ggttattagg

cagcctgcac

ctctectetg

agaggtggeg

cgcagctcag

aaagtgggcg

ctagaaaggc

aactttctgc
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ctcggectcet

gagagcactg

ggcaggttag

ggcctgtect

cccaaggggc

tctteectece

ttcccagtge

gaggcaggsga

tgacggcagc

aaagtaggtc

ggaagcacga

gtaccaatct

tgtaaaacca

cgtttgettg

ctatttaact

<210> 2

<211>

<212>

<213>

<400> 2

gtggatgcag

tceccaccea

gcagtccttce

cactggaaaa

ctctccatge

tgttctctgg

ccagcacttt

tagtaaataa

cgtactgagt

cttatttaca

ggaaaggaag

tttgtgacat

tcccagagcet

gtgtttgttt

gta

415
PRT
human SNUX3 protein

aaatctgccc

acctgtcaca

tggtgatcct

acagtctcca

cttcttagga

ttatagctgg

gtagtctcat

attgctcttc

ctgtaaggcc

aggctgegtt

acgttttgat

attgtcatgce

ggcgagagega

ttaacgcaca

tacaaaatgc

acggccagaa

attccattcc

tctcctcaaa

agcagctatg

tcecaggtca

cccagattac

ctaccccatc

caaagtgggt

aaagttgtac

atagtgttac

tgaggtgtga

tggagctgeg

acttgctigt

tcttcattgg

ccatacacca

ctecetgetge

atagttgctg

aatccattgt

gegtgggagg

taacccttcec

ccecatcececc

acagacagcc

taggcaaaca

tgtgagcctg

cacctgetge

tggaaactgce

acagtaaact

ttgtetetgt

gagacacact

ggtttictett

actccctgea

ccttgtagtt

cacctttggg

tgatcctgga

tgacaaaaag

tgggctggta

cactgatgta

tcagtagtgg

actcatctga

tttgcactat

gtcttctgta

Met Arg Ile Pro Val Asp Pro Ser Thr Ser Arg Arg Phe Thr Pro Pro

1

]

10

15

Ser Pro Ala Phe Pro Cys Gly Gly Gly Gly Gly Lys Met Gly Glu Asn

20

25

30
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Ser Gly Ala Leu Ser Ala Gln Ala Ala Val Gly Pro Gly Gly Arg Ala
35 40 45

Arg Pro Glu Val Arg Ser Met Val Asp Val Leu Ala Asp His Ala Gly
50 55 60

Glu Leu Val Arg Thr Asp Ser Pro Asn Phe Leu Cys Ser Val Leu Pro
65 70 75 30

Ser His Trp Arg Cys Asn Lys Thr Leu Pro Val Ala Phe Lys Val Val
85 90 95

Ala Leu Gly Asp Val Pro Asp Gly Thr Val Val Thr Val Met Ala Gly
100 105 110

Asn Asp Glu Asn Tyr Ser Ala Glu Leu Arg Asn Ala Ser Ala Val Met
115 120 125

Lys Asn Gln Val Ala Arg Phe Asn Asp Leu Arg Phe Val Gly Arg Ser
130 135 140

Gly Arg Gly Lys Ser Phe Thr Leu Thr Ile Thr Val Phe Thr Asn Pro
145 150 155 160

Thr Gln Val Ala Thr Tyr His Arg Ala Ile Lys Val Thr Val Asp Gly
165 170 175

Pro Arg Glu Pro Arg Arg His Arg Gln Lys Leu Glu Asp GIln Thr Lys
180 185 190

Pro Phe Pro Asp Arg Phe Gly Asp Leu Glu Arg Leu Arg Met Arg Val
195 200 205

Thr Pro Ser Thr Pro Ser Pro Arg Gly Ser Leu Ser Thr Thr Ser His
210 215 220

Phe Ser Ser Gln Pro Gln Thr Pro Ile Gln Gly Thr Ser Glu Leu Asn
225 230 235 240

Pro Phe Ser Asp Pro Arg Gln Phe Asp Arg Ser Phe Pro Thr Leu Pro
245 250 255

PCT/KR01/00121
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Thr Leu Thr Glu Ser Arg Phe Pro Asp Pro Arg Met His Tyr Pro Gly
260 265 270

Ala Met Ser Ala Ala Phe Pro Tyr Ser Ala Thr Pro Ser Gly Thr Ser
275 280 285

Ile Ser Ser Leu Ser Val Ala Gly Met Pro Ala Thr Ser Arg Phe His
290 295 300

His Thr Tyr Leu Pro Pro Pro Tyr Pro Gly Ala Pro Gln Asn Gln Ser
305 310 315 320

Gly Pro Phe GIn Ala Asn Pro Ser Pro Tyr His Leu Tyr Tyr Gly Thr
325 330 335

Ser Ser Gly Ser Tyr Gln Phe Ser Met Val Ala Gly Ser Ser Ser Gly
340 345 350

Gly Asp Arg Ser Pro Thr Arg Met Leu Ala Ser Cys Thr Ser Ser Ala
355 360 365

Ala Ser Val Ala Ala Gly Asn Leu Met Asn Pro Ser Leu Gly Gly Gln
370 375 380

Ser Asp Gly Val Glu Ala Asp Gly Ser His Ser Asn Ser Pro Thr Ala
385 390 395 400

Leu Ser Thr Pro Gly Arg Met Asp Glu Ala Val Trp Arg Pro Tyr
405 410 415

<210> 3
<211> 3300
<212> DNA

<213> CpG island in EXON 1 of human RUNX3 gene

<400> 3

ccttetgett cctageectg ctgtggacaa cttagggtge tcttaggtgg gggecactgg

ggagaaactg gcectgtttgt ccatcgatct gatggaagag ggagaaaaga cgacggtcca

tgccaactgg ggaagggega gggtgtctge atgecccagg tgggggagtc ggagttctee

PCT/KR01/00121
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ctcccatcaa

tgggaacaag

aggcgtccat

tgtctgagac

cgcctgeace

cggctggcag

ccecgegace

ctggtcectt

ccgggeectg

gtgaacccat

gcaaaccgaa

ccgcaacctg

cgacgcegetg

cgctttcecte

gcaatcgaca

ccttecttte

tctceceggtg

tttcgtttgg

ttgecggccac

cacctgtcga

tcagcacgcg

tgtggcttga

acagacgaca

ctagcctgtt

cttatcagag

ctggccgceat

cggggecegea

88C8CEB8CE

ttggtctggg

ggatctggtg

cgecaggtge

cgtaagcgga

accattcgac

ctcgagggca

cgectteteg

tagttctget

actgccaggc

gacacggcct

gtcggggtga

caacgacgaa

cgtcggatcc

gagccggagg

ttcgttcecc

tctttceegt

atttttgtcg

ctgtgggtct

gtgaggaagg

ggatggcaag

getggegege

ccaactagcg

gacccaaggg

cccacgggga

cagggcccac

gagggagaaa

aaatggaatt

gcacgtgttg

gagacgttcc

gctegtgeca

gcaggctctc

gagggcgtgc

gtccagagtc

atggegegceg

taagcttctt

caacgaaaat

agagtctagg

tgcectcecca

gtccgggatg

tceecgggtg

cggecttggt

gaaagggcag

atctgtagcc

gecggeteecg

cctgecacceeg

gccagcegcecece

aagagtccct

tcaggcggag

taccaccacc

ccegeecceg

cggaggtgeg

gcgegtecga

ttaaaaggtt

tgtgaggtcc

cttcgececect

ctgagcaggg

tgcttccgag

ctagccecegt

gaggtgtctg

actgtagccg

gggaggaagce

cctgaaaacg

ttgacacaaa

ctccteggeg

cggcegggcc

ccactgtgcc

cceecectee

tacggagagc

cattctctgg

gaacaagcaa

tgaaacagcg

gccagggcecce

agcgeccagg

EBBCECECEE

cagtaaggga

cgaggtgggt

ggagcgcacg

gtcagatcca

gcttggaatt

ctccaaagcg

gggcegataat

gccectaggt

aggtggaaat

cgaagacaga

gccatcggtt

geggtcegeeg

cgcacctceceg

tgccaggegg

ccecgeegec

cggageegtg

aaacttgtct

agggcacggt

ggtcatggtc

tacctggcca

ctggatcact

gectgggtcee

cctttgeegt

aggggccagce

cggggettga

tgatgagatc

cattgttttg

gcggegagec

tcggaatgat

ctgctcgaca
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gacttaggag

cgegectgegg

ctgtcegegg

cccgeagage

geccttaget

gatgcaggac

gtegtgtttt

agatcctgaa

acttagggtc

ggectgggace

acgcgcaaaa

aggtgagtaa

gcececcagec

gccgeggeca

ccgagagagsg

catttgcccc

cgeggegteg

ccgegaacge

gctecgecag

cccgecactt

cgggcgaget

gCgegagagg

agtgggagceg

tcectgegge

ccactttcca

ttgcagccac

cgtggttaca

tcaaagagcc

acttgttittg

cctaggagac

aaagcegege

tccegtgtgg

ccietttggg

cggggttgea

gcggegeagega

gcggcaaggs

gggctcccag

cgecttecge

caccgaggtg

ceeecgeeeeg

gattctggag

tcggggcees

aaggggtgat

gggacccgga

gcagccggag

cccgeatgga

tgetgttttt

tgcgtaaagg

acaggccgece

aggggagage

tcecttcege

agggctggga

ggtggaggct

geggetecca

gaagtcacag

ggagcgaagg

cgcectteegt

agctctcggg

ccceteceegt

ccegegatgg

cgggcccegg

gatttgttct

aggCgeCeEeC

ttgcagtgaa

gecegeecges

cgcacgggcc

gaaagaaaat

cttttgccac

aaaaaaagaa

acaacgaaga

agagaggaaa

ctgteceegg

gcagcaaagg

cttgggtcag

gtgeggegtc

gcecgaagea

ggttgegecce

gggaccegga

ggeeetgggc

tgggeggect

gggcteegee

gggtactaac

ggggctgegg

agcggcacag

gcccaggaga

caggcagtgc

caagaagaag

tctctectcet

cgacgecgegt

aaacgcattt

acgacgcege

gggetigttg

tttggcacag

ccgcceggeceg

aataatgtgc

accggeectg

gcaagagctg

cagcgtcagg

cgttctaage

tgtggcactg

ccggceagsgcec

gattggctgt

ccegegeges

ccgceggagtc

cceegegegg

ggttgegcca

cttggcgaag

tggggttgga

gaaagcgagg

accgtttcac

tgcaggcectce

gaggcctgca

gceccagget

gggecaccga

ggegtggacg

888acgages

agaccccgeg

gggaagcccg

gagctacgac

aaatttctag

gggectecte

ccgttectee

gcgacgegte

Cg8CCeCgsc

E8EECEECCE

gececegeege
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ggccecaggea

gcgggactag

ggeectggeg

ttctgetttc

cggeggaagce

ccecgtagacce

ggegeegece

cceggaggsce

ggcgageteg

<210> 4

<211> 25
DNA
Artificial Sequence

<212>
<213>

<220>
<223>

<400> 4

gccgggacag

ccgggcagece

agtagtggce

ccgettcteg

cgegeegtcet

caagcaccag

gcaagatggg

gecgeecggece

tgcgecaccga

ccacgaggsg

tgcgggeggc

gggegeegece

cggcageggce

ccgectgecc

cegeegette

cgagaacagc

cgaggtgegce

cagccccaac

cgccacttga ttctggagga tttgt

<210> 5

<211> 25

<212> DNA

<213> Artificial Sequence
<220>

<223>

<400> 5

tgaagtggct tgtggtgctg agtga

cggecgeacg cggggeegeg

cgtcgggeca gegaggectc

ccetgegecee tgaggeecegg

ggccgaggag gegeecgege

ggcgeectga cggeegetgt

acacctccct ccceggectt

ggcgegetga gegegeagge

tcgatggtgg acgtgetgge

ttcctetget cegtgetgec

sense primer of Ps—N primer pair

antisense primer of Ps-N primer pair

cgecgaggat

gCagecgggcy

geceeegeege

cggecgeccee

tatgcgtatt

ccectgeggce

ggeegtgggg

ggaccacgca

ctcgcactgg
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<210> 6
<211> 25
<212> DNA

<213> Artificial Sequence

<220>
<223> sense primer of Ps-C primer pair

<400> 6

gagtttcacc ctgaccatca ctgtg 25
<210> 7

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> antisense primer of Ps-C primer pair

<400> 7

gcccatcact ggtcttgaag gttgt 25
<210> 8

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> sense primer of PEBP2 beta/CBFB cDNA primer pair

<400> 8

cacgcttcca gaacgectge 20
<210> 9

<211> 21

<212> DNA

<213> Artificial Sequence
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<220>
<223> antisense primer of PEBP2 beta/CBFB cDNA primer pair

<400> 9

cgagcctctt caaaggectg t 21
<210> 10

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> sense primer of beta-actin primer pair

<400> 10

ggacttcgag caagagatgg 20
<210> 11

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> antisense primer beta-actin cDNA primer pair

<400> 11
gtcaccttca ccgttccagt 20
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