008/069621 A 1|0 000 0 00O 0 0 0O O 0O

WO

(19) World Intellectual Property Organization Vd”Ij

) IO O T O O

International Bureau

(43) International Publication Date
12 June 2008 (12.06.2008)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2008/069621 Al

(51)

21

(22)

(25)
(26)

(30)

(1)

(72)
(75)

International Patent Classification:
CO7K 14/39 (2006.01)

International Application Number:
PCT/KR2007/006366

International Filing Date:
7 December 2007 (07.12.2007)

Filing Language: Korean
Publication Language: English
Priority Data:
10-2006-0124438

8 December 2006 (08.12.2006) KR
10-2007-0126814

7 December 2007 (07.12.2007) KR
10-2007-0126815

7 December 2007 (07.12.2007) KR

Applicants (for all designated States except US): KO-
REA RESEARCH INSTITUTE OF BIOSCIENCE
AND BIOTECHNOLOGY [KR/KR]; 52, Eoeun-dong,
Yuseong-gu, Daejeon 305-806 (KR). SAMCHULLY
PHARM. CO., LTD. [KR/KR]; 8F Samtan Bldg., 947-7,
Daechi-dong, Gangnam-gu, Seoul 135-735 (KR).

Inventors; and

Inventors/Applicants (for US only): WON, Mi Sun
[KR/KR]; 110-1407 Hanareum Apt., Wolpyeong-dong,
Seo-gu, Daejeon 302-753 (KR). CHUNG, Kyung-Sook
[KR/KR]; 612-1902 Unam, Techno Valley, Gwan-
pyeong-dong, Yuseong-gu, Daejeon 305-509 (KR). KIM,
Young-Joo [KR/KR]; 102-1206 Sejong Apt., Jeon-
min-dong, Yuseong-gu, Daejeon 305-728 (KR). CHOI,
Shin-Jung [KR/KR]; 110-809 Lucky Apt., Sinseong-dong,
Yuseong-gu, Daejeon 305-721 (KR). KIM, Dong Myung
[KR/KR]; 306-1103 Daedeok, Techno Valley, Gwan-
pyeong-dong, Yuseong-gu, Daejeon 305-509 (KR). YIM,
Nam Hui [KR/KR]; 303-89, Sanseong-dong, Jung-gu,
Daejeon 301-819 (KR). AHN, Ji-Won [KR/KR]; 370,
Namsan-ri, Yangchon-myeon, Nonsan-si, Chungcheong-
nam-do 320-852 (KR). HUR, Cheol-Goo [KR/KR];
133-604 Hanbit Apt., Eoeun-dong, Yuseong-gu, Daejeon

(74)

(81)

(34)

305-755 (KR). SONG, Kyung Bin [KR/KR]; 110-1407
Hanareum Apt., Wolpyeong-dong, Seo-gu, Daejeon
302-753 (KR). LEE, Hee Gu [KR/KR]; 14-405 Shin-
donga Apt., Yongjeon-dong, Dong-gu, Daejeon 300-766
(KR). KIM, Moon Hee [KR/KR]; 101-905 Kumho Best
Vill, Jamwon-dong, Seocho-gu, Seoul 137-030 (KR).
YEOM, Young Il [KR/KR]; 8-1302- Shindonga Apt.,
Yongjeon-dong, Dong-gu, Daejeon 300-766 (KR). SONG,
Eun Young [KR/KR]; C-711 Jinju Apt., Yeouido-dong,
Yeongdeungpo-gu, Seoul 150-010 (KR). LEE, Hyung
Ju [KR/KR]; 109-406 Samik Ceramic Apt., Goean-dong,
Sosa-gu, Bucheon-si, Gyeonggi-do 422-704 (KR). JUNG,
Kyeong-Eun [KR/KR]; 128-2206 Samsung Raemian
Apt., Bisa-dong, Dongan-gu, Anyang-si, Gyeonffi-do
431-050 (KR).

Agent: AHN, So-Young; Dr. Ahn International Patent
Law Office, 10th Fl., Shinseung Bldg., 1676-1, Seocho-
dong, Seocho-gu, Seoul 137-881 (KR).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KZ, LA, LC, LK, LR,
LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,
RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

with sequence listing part of description published sepa-
rately in electronic form and available upon request from
the International Bureau

(54) Title: NOVEL USE OF MIG12 AND OIP5 GENES

(57) Abstract: Provided is a composition for cancer diagnosis or anticancer drug screening, comprising an MIG 12 gene or MIG
2 gene-expressed protein, a composition for cancer diagnosis or anticancer drug screening, comprising an OIP 5 gene or OIP5

1

gene-expressed protein, a composition for treatment of cancer, comprising an inhibitor of the aforesaid genes or an inhibitor of the
aforesaid proteins and a pharmaceutically acceptable carrier, and a cancer diagnosis kit comprising at least one of an MIG 12 gene, an
OIPS5 gene, and an MIG 12- or OIP5-expressed protein. MIG12 and OIP5 genes of the present invention are expressed at relatively
e high levels in cancer cell lines and increase a proliferation rate of normal cells. Therefore, inhibition of expression of these genes
via RNAi using siRNA or shRNA leads to suppression of cancer cell growth. For these reasons, MIGI 2 and OIPS genes can be used
as a target gene for diagnosis or cancer therapy of various cancers.
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NOVEL USE OF MIG12 AND OIP5 GENES

TECHNICAL FIELD
The present invention relates to a composition for cancer diagnosis or anticancer drug
screening, comprising an MIG12 gene or MIG12 gene-expressed protein, a composition for
cancer diagnosis or anticancer drug screening, comprising an OIP5 gene or OIP5 gene-
expressed protein, a composition for treatment of cancer, comprising an inhibitor of the
aforesaid genes or an inhibitor of the aforesaid proteins and a pharmaceutically acceptable
carrier, and a cancer diagnosis kit comprising at least one of an MIG12 gene, an OIP5 gene,

and an MIG12- or OIP5-expressed protein.

BACKGROUND ART

The completion of human genome project which allows understanding of human
diseases at the molecular level, identification of target molecules for diseases and further
understanding of molecular mechanism of diseases opened the era of post-genomics. The
information and insights obtained from human genomics is leading to technologies for
development of personalized medicine for human diseases. For personalized medicine,
patients will be treated by selecting the appropriate drugs. Also, the pharmacogenomic
technologies involving the identification of biomarkers, targeted therapy, disease-specific
mode of action of drugs, clinical and genomic information of patients, genome epidemic, and
bioinformatic analysis should be complementarily integrated. Especially, the technologies
involving prediction of the drug action in each individual and identification of biomarkers for
diagnosis and therapeutic targets for disease and development of personalized drugs are crucial.

There has been progress in studying the molecular mechanisms and pathophysiology of
human cancers. These mechanisms have been exploited for identification of new targets for
development of drugs with greater antitumor activity and less toxicity. Many studies
confirmed the potential use of yeast to study the genes associated with key cellular pathways in
cancer and disease. Also, a high-throughput assay for analysis of growth interference
phenotypes of yeast was carried out.

The fission yeast Schizosaccharomyces pombe is well-suited for the study of cross-
species gene functions involved in basic cellular processes such as cell cycle progression,

cellular morphogenesis, and cellular response to environmental changes. Deletion or
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overexpression of a gene playing a crucial role in cell cycle and growth gives an observable
phenotype, which makes S. pombe a powerful model organism to investigate cancer-related
genes. In S. pombe, the overexpression of a heterologous gene may cause growth defects or
morphological changes by interfering in the cell cycle or basic metabolic pathways, which can
be used as a simple indication of a gene functioning in the dysregulation of basic cellular
processes. The overexpression of human heterologous genes in S. pombe, which produces
observable phenotypes, can provide insights into cellular functions relevant to cancer.
Therefore, the investigation of the overexpression effects of the heterologous human gene is a
powerful method to find clues associated with carcinogenesis.

RNAI is a naturally occurring process in eukaryotes by which double-stranded RNAs
(dsRNA) trigger the sequence-specific degradation of homologous mRNAs resulting in
preventing expression of their protein products. Initiation of RNAI involves the cleavage of
long dsRNA stretches into small fragments of 21-30 bps, termed siRNAs (for small interfering
RNAs), which are then bound to the RNA-induced silencing complex (RISC). This complex
binds to and cleaves mRNAs which match the siRNA that is bound to it. siRNA can trigger the
RNAj response in mammalian cells without activating the antiviral response. RNA
interference is an efficient method of identifying targets for gene therapy in a variety of
diseases. RNAi has become a widespread tool for reverse genetics in invertebrate model
systems and has rapidly emerged as a novel therapeutic approach to treat human diseases.

A short hairpin RNA (shRNA) is a sequence of RNA that makes a tight hairpin turn that
can be used to silence gene expression via RNA interference for a relatively long time. shRNA,
which consists of siRNA sense sequence, and 3-10 bases of linker-antisense siRNA sequence,
uses a vector introduced into cells and utilizes the U6 promoter to ensure that the shRNA is
always expressed. This vector is usually passed on to daughter cells, allowing the gene
silencing to be inherited. The sShRNA hairpin structure is cleaved by the cellular machinery
into siRNA. shRNAs can also be cloned into lentivirus or adenovirus and used for in vivo
animal study.

OIP5 (GenBank NM_007280) was identified as Opa (Neisseria gonorrhoeae opacity-
associated)-interacting protein. OIP5 is homologous to OIP4, which is a protein antigen that is
expressed in tumors and also in some normal tissues, including testes and endometrium. OIPS,
a cancer-testis specific gene, was confirmed to be up-regulated in the tumor tissue compared to

normal tissue in gastric cancer. It was suggested that OIP5 may be a novel immunotherapy
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target for patients with gastric cancer. Recently, OIPS was reported as LINT-25 since it
interacted with LAP2a, lamina associated polypeptide 2a. LINT-25 protein levels were up-
regulated during G1 phase in proliferating cells and upon cell cycle exit in quiescence,
senescence and differentiation. Upon cell cycle exit LINT-25 accumulated in heterochromatin
foci and transient éxpression of LINT-25 in proliferating cells caused loss of LAP2a and
subsequent cell death.

MIG12 (GenBank NM_021242) was isolated as the gene whose protein product
interacts with Midl. Migl2 is mainly expressed in the neuroepithelial midline, urogenital
apparatus, and digits during embryonic development. Endogenous Migl2 protein is partially
detected in the polymerized tubulin fraction after microtubule stabilization. When co-
transfected with Mid1, Mig12 is massively recruited to thick filamentous structures composed
of tubulin. These microtubule bundles are resistant to high doses of depolymerizing agents and
are composed of acetylated tubulin, thus representing stabilized microtubule arrays. The

relevance of MIG12 to cancer has not been reported.

DISCLOSURE OF THE INVENTION

TECHNICAL PROBLEM

Therefore, the present invention has been made in view of the above problems, and it
is an object of the present invention to provide a novel use of MIG12 and OIP5 genes.

More specifically, an object of the present invention is to provide a composition for
diagnosing cancer or for screening anticancer drugs comprising an MIG12 gene or a protein
expressed from the MIG12 gene; a composition for diagnosing cancer or for screening
anticancer drugs comprising an OIP5 gene or a protein expressed from the OIPS gene; a
composition for preventing or treating cancer comprising an inhibitor of the aforesaid genes or
an inhibitor of the aforesaid proteins and a pharmaceutically acceptable carrier; and a kit for
diagnosing cancer comprising one or more selected from an MIG12 gene, an OIP5 gene, a
protein expressed from MIG12 gene, and a protein expressed from OIPS gene.

It is another object of the present invention to provide a use of an MIG12 gene and a
protein éxpressed from the MIG12 gene for diagnosing cancer or for screening anticancer
drugs; a use of an OIPS gene and a protein expressed from the OIP5 gene for diagnosing

cancer or for screening anticancer drugs; a method for diagnosing cancer or screening
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anticancer drugs using the same; a use of an inhibitor of the aforesaid gene or the proteins
expressed from the aforesaid genes; and a method for preventing or treating cancer using the

same.

TECHNICAL SOLUTION

For the purposes of the present invention, it is noted that, as used in this specification,
the singular forms "a," "an," and "the" include plural referents unless expressly and
unequivocally limited to one referent.

The term "or" is used interchangeably with the term "and/or" unless the context clearly
indicates otherwise.

In accordance with an aspect of the present invention, the above and other objects can
be accomplished by the provision of a composition for diagnosing cancer, comprising an MIG
12 or OIP5 gene.

As used herein, the term "MIG 12 gene” or “OIP5 gene” refers to a full-length DNA or
RNA of the MIG 12 or OIP5 genes, or a portion or variant thereof.

Besides the genes, the composition of the present invention may further comprise buffer
or distilled water to stably maintain a structure of nucleic acid.

As can be confirmed from Examples 2 and 3 which will be illustrated hereinafter, the
expression level of MIG12 gene or OIPS gene is specifically increased in cancer cells or
cancer cell lines. Thus, the diagnosis of cancer can be performed by analysis of the
overexpression of MIG12 gene or OIP5 gene, using the genes of the present invention.

In accordance with another aspect of the present invention, there is provided a use of
an MIG12 or OIP5 gene for diagnosing cancer and a method for diagnosing cancer,
comprising confirming the reaction between a sample obtained from a subject and an MIG12
or OIPS gene.

In the method for diagnosing cancer according to the present invention, for confirming
the reaction between a sample obtained from a subject and an MIG12 gene or an OIPS5 gene, it
is possible to use conventional methods used in the cases of DNA-DNA, DNA-RNA or DNA-
protein, for example, DNA chip, protein chip, PCR (polymerase chain reaction), Northern
blotting, Southern blotting, ELISA (Enzyme Linked Immunosorbent assay), yeast two-hybrid
assay, 2-D gel electrophoresis, in vitro binding assay, etc. For example, incidence of cancer

(carcinogenesis) in individuals can be determined by examining whether a gene of interest is
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expressed at a high level in a subject, through hybridization of an intact or partial gene as a
probe with the nucleic acid isolated from a body fluid of the subject, and detection of a
hybridization product according to any conventional method known in the art, such as reverse
transcription-polymerase chain reaction (RT-PCR), Southern blotting, Northern blotting, and
the like. When the probe is labeled with a suitable label material such as radioisotopes,
enzymes, and the like, it is possible to readily confirm the presence of the target gene.

In accordance with a further aspect of the present invention, there is provided a
composition for diagnosing cancer, comprising a protein expressed from an MIG12 gene or
OIPS gene.

In addition to the aforesaid protein, the composition of the present invention may further
comprise buffer or distilled water to stably maintain a structure of the protein.

As discussed above, the expression level of MIG12 or OIP5 gene is specifically
increased in cancer cells. Therefore, the presence of cancer can be diagnosed by analysis of the
overexpression of MIG12 or OIP5 gene or the corresponding protein, using the protein
expressed from the MIG12 gene or OIPS gene.

In accordance with a still further aspect of the present invention, there is provided a use
of the aforesaid proteins for diagnosing cancer, and a method for diagnosing cancer,
comprising confirming the reaction between the gene-expressed protein and a subject-derived
sample.

In the cancer diagnosis method according to the present invention, confirmation of the
reaction between the subject-derived sample and the protein may be carried out by using any
conventional methods used in the cases of DNA-protein, RNA-protein or protein-protein, for
example, DNA chip, protein chip, PCR (polymerase chain reaction), Northern blotting,
Southern blotting, Western blotting, ELISA (Enzyme Linked Immunosorbent assay),
histoimmunostaining, yeast two-hybrid assay, 2-D gel electrophoresis, in vitro binding assay,
etc. For example, the analysis of individual carcinogenesis can be carried out by examining
whether a gene of interest is expressed at a high level in a subject, through hybridization of the
gene-expressed intact or partial protein as a probe with the nucleic acid or protein isolated
from a body fluid of the subject, and detection of a hybridization product according to any
conventional method known in the art, such as reverse transcription-polymerase chain reaction
(RT-PCR), Western blotting, and the like. When the probe is labeled with a suitable label

material such as radioisotopes, enzymes, the like, it is possible to readily confirm the presence
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of the target gene.

Alternatively, the composition of the present invention may comprise an antibody
specific for the aforesaid protein, instead of that protein. As the cancer cells exhibit
overexpression of the MIG12 or OIP5 gene, amounts of the proteins expressed from these
genes also increase. Therefore, as disclosed in Example 1 which will follow, when antibodies
directed against the proteins expressed from these genes are used, it is possible to diagnose
cancer by detection of the protein through an antigen-antibody reaction.

Monoclonal antibodies directed against the aforesaid protein may be produced by any
conventional method for production of monoclonal antibodies known in the art or otherwise
may be commercially available. Quantitative analysis of monoclonal antibodies against the
aforesaid proteins may be generally carried out by color development using secondary
antibodies conjugated with a certain enzyme (such as alkaline phosphatase (AP) or horseradish
peroxidase (HRP)) and substrates thereof, or otherwise may be carried out using the protein-
specific monoclonal antibodies which are directly conjugated with AP or HRP enzymes.
Alternatively, instead of monoclonal antibodies, it may also be possible to use polyclonal
antibodies which recognize the aforesaid protein. These polyclonal antibodies may be obtained
by any conventional method for production of antiserum known in the art.

Further, the present invention provides a composition for screening anticancer drugs,
comptising an MIG12 or OIP5 gene. Further, the present invention provides a use of the same
composition for screening anticancer drugs, and a method for screening anticancer drugs,
comprising contacting a test material with the composition as a target material, and confirming
the reaction between the target material and the test material to determine whether the test
material activates or suppresses the expression of the MIG12 or OIPS gene.

In the screening method according to the present invention, the reaction between the
composition and the test material can be confirmed by any conventional method used in the
cases of DNA-DNA, DNA-RNA, DNA-protein, DNA-compound. For example, mention may
be made of a hybridization test to confirm binding of the gene to the test material in vitro, a
method of determining a gene expression level involving reacting of mammalian cells with the
test material, and subjecting the reaction product to Northern blot analysis, quantitative PCR,
or quantitative real-time PCR, and a method of determining an expression level of a reporter
gene involving linking the reporter gene to the gene of interest, introducing the resulting gene

construct into a cell and reacting the cell with a test material. In this case, the composition of
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the present invention may further comprise distilled water or buffer to stably maintain a
structure of the nucleic acid, in addition to the aforesaid gene.

Further, the present invention provides a method for screening anticancer drugs,
comprising inducing phenotypic changes of a model cell or animal cell using the aforesaid
composition as a target material and determining whether the test material activates or
suppresses the expression of the gene.

In the anticancer drug screening method of the present invention, candidate materials
having direct inhibitory effects on the gene expression and protein function may be screened
by cell-based analysis through phenotype assay (including growth rate, morphological changes
and temperature sensitivity) using a model organism or animal cell with overexpression of the
aforesaid gene.

Further, the present invention provides a composition for screening anticancer drugs,
comprising a protein expressed from an MIG12 or OIP5 gene. Further, the present invention
provides a use of the same composition for screening anticancer drugs and a method for
screening anticancer drugs, comprising a test material with the aforesaid composition as a
target material, and confirming the reaction between the target material and the test material to
determine whether the test material activates or suppresses the function of the protein.

In the screening method according to the present invention, the reaction between the
composition and the test material can be confirmed by any conventional method used in the
cases of protein-protein, DNA-compound and the like. For example, mention may be made of
a method of determining activity of a test material after reaction of the protein with the test
material, yeast two-hybrid assay, detection of phage-displayed peptide clones bound to the
aforesaid protein, high throughput screening (HTS) using natural products and chemical
libraries, drug hit HTS (HTS), cell-based screening, and DNA array screening. In addition to
the protein component, the composition of the present invention may further comprise buffer
or reaction liquid to stably maintain a structure or physiological activity of the corresponding
protein. For in vivo experiments, the composition of the present invention may comprise cells
expressing the aforesaid protein, or cells harboring a plasmid that expresses the aforesaid
protein under a promoter capable of controlling a transcription rate.

In the screening method of the present invention, the test material may be a material
which is suspected to have the possibility of being a cancer metastasis inhibitor according to a

conventional criteria and strategy for selection, or may be a material which is randomly
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selected, such as individual nucleic acids, proteins, extracts or natural products, compounds,
and the like.

There may be two types of test materials which are obtained through the screening
method of the present invention: a material capable of enhancing the gene expression or
protein function and a material capable of inhibiting the gene expression or protein function.
The former material may be an anticancer drug candidate via development of an inhibitor
against the test material, whereas the latter material may be directly an anticancer drug
candidate. These anticancer drug candidates will serve as a leading compound during a
subsequent development process of anticancer drugs. A novel anticancer drug can be created
by structural modification and optimization of the leading compound such that the leading
compound can exhibit inhibitory effects on function of the gene or expression products thereof.

Further, the present invention provides siRNA of an MIG12 gene (hereinafter, referred to
as MIG12 siRNA or siMIG12) or siRNA of an OIP5 gene (hereinafter, referred to as OIP5
siRNA or siOIP5).

siRNA is prepared by simultaneous synthesis of a sense strand of the gene and an anti-
sense strand exhibiting practical gene expression inhibition in cells. Thereafter, two strands
synthesized are allowed to form a double-stranded RNA, followed by intracellular
incorporation.

For convenience, unless otherwise specified, the siRNA sequence of the present
invention refers to a sense strand of a gene of interest.

A candidate siRNA sequence region of the MIG12 gene (NM_021242) may have a
nucleotide sequence consisting of 19-30 contiguous nucleotides as set forth in SEQ ID NO: 14,
15, 16, 17, or 18. The nucleotide sequence of SEQ ID NO: 14, 15, 16, 17, or 18 is a partial
sequence of the MIG12 gene (NM_021242) of SEQ ID NO: 1 and has a nucleotide sequence
consisting of from nucleotide 845 to nucleotide 950, a nucleotide sequence consisting of from
nucleotide 970 to nucleotide 1030, a nucleotide sequence consisting of from nucleotide 1080
to nucleotide 1160, a nucleotide sequence consisting of from nucleotide 1220 to nucleotide
1290, or a nucleotide sequence consisting of from nucleotide 1320 to nucleotide 1400, each
sequence comprising 61-106 nucleotides. That is, a nucleotide sequence complementary to the
aforesaid nucleotide sequence may be a sequence which is capable of efficiently inducing
RNAI.

The MIG12 siRNA may comprise a nucleotide sequence corresponding to an mRNA
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sequence derived from a nucleotide sequence of 19 to 30 contiguous nucleotides, among one
or more sequences selected from SEQ ID NOS: 14, 15,16, 17 and 18.

The MIG12 siRNA may have a nucleotide sequence of SEQ ID NO: 3 or 4. The
sequence of SEQ ID NO: 3 may be a sequence which has a 19-bp nucleotide sequence
corresponding to an mRNA sequence derived from a nucleotide sequence ranging from
nucleotide 1331 to nucleotide 1349 of the MIG12 gene of SEQ ID NO: 1 and contains two
overhang nucleotides of TT, whereas the sequence of SEQ ID NO: 4 may be a sequence which
has a 19-bp nucleotide sequence corresponding to an mRNA sequence derived from a
nucleotide sequence ranging from nucleotide 1123 to nucleotide 1141 of the MIG12 gene of
SEQ ID NO: 1 and contains two overhang nucleotides of TT. These sequences may have
superior gene expression inhibition (RNAI effects) on the anti-sense strand complementary to
the sequence of SEQ ID NO: 3 or 4.

A candidate siRNA sequence region of the OIP5 gene (NM_007280) may have a
nucleotide sequence consisting of 19-30 contiguous nucleotides as set forth in SEQ ID NO: 19,
20, 21, 22, 23, 24, 25, or 26. The nucleotide sequence of SEQ ID NO: 19, 20, 21, 22, 23, 24,
25, or 26 is a partial sequence of the OIP5 gene (NM_007280) of SEQ ID NO: 2 and has a
nucleotide sequence consisting of from nucleotide 1 to nucleotide 60, a nucleotide sequence
consisting of from nucleotide 120 to nucleotide 180, a nucleotide sequence consisting of from
nucleotide 380 to nucleotide 460, a nucleotide sequence consisting of from nucleotide 518 to
nucleotide 580, a nucleotide sequence consisting of from nucleotide 720 to nucleotide 780, a
nucleotide sequence consisting of from nucleotide 850 to nucleotide 890, a nucleotide
sequence consisting of from nucleotide 920 to nucleotide 980, or a nucleotide sequence
consisting of from nucleotide 1040 to nucleotide 1100, each sequence comprising 41-81
nucleotides. That is, a nucleotide sequence complementary to the aforesaid nucleotide
sequence may be a sequence which is capable of efficiently inducing RNAI.

The OIP5 siRNA may comprise a nucleotide sequence corresponding to an mRNA
sequence derived from a nucleotide sequence of 19 to 30 contiguous nucleotides, among one
or more sequences seleéted from SEQ ID NOS: 19, 20, 21, 22, 23, 24, 25, and 26.

The OIP5 siRNA may have a nucleotide sequence of SEQ ID NO: 5 or 6. The sequence
of SEQ ID NO: 5 may be a sequence which has a 19-bp nucleotide sequence corresponding to
an mRNA sequence derived from a nucleotide sequence ranging from nucleotide 426 to

nucleotide 444 of the OIP5 gene of SEQ ID NO: 2 and contains two overhang nucleotides of
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TT, whereas the sequence of SEQ ID NO: 6 may be a sequence which has a 19-bp nucleotide
sequence corresponding to an mRNA sequence derived from a nucleotide sequence ranging
from nucleotide 417 to nucleotide 435 of the OIPS gene of SEQ ID NO: 2 and contains two
overhang nucleotides of TT. These sequences may have superior gene expression inhibition
(RNAI effects) on the anti-sense strand complementary to the sequence of SEQ ID NO: 5 or 6.

Further, siRNA of the present invention may be chemically modified in order to prevent
rapid degradation which may occur by the action of in vivo nucleases. siRNA has a double-
stranded structure, and therefore is relatively stable as compared to single-stranded ribonucleic
acid or antisense oligonucleotide molecules. However, siRNA is readily susceptible to in vivo
nuclease degradation, so it is possible to lower a degradation rate of siRNA via chemical
modification thereof. Chemical modification of siRNA to secure that siRNA is chemically
stable and resistant against rapid degradation may be carried out by any conventional method
well known to those skilled in the art. The most conventional method used in chemical
modification of siRNA is boranophosphate or phosphorothioate modification. These materials
form stable nucleoside-nucleoside association of siRNA molecules, thereby conferring
resistance to nucleic acid degradation. Even though it is resistant to nucleic acid degradation,
the boranophosphate-modified ribonucleic acid is not synthesized by a chemical reaction and
is synthesized only by incorporation of boranophosphate into ribonucleic acid via in vitro
transcription. The boranophosphate modification is a relatively easy method, but has a
disadvantage associated with difficulty of site-directed modification at a certain position of
target molecules or compounds. On the other hand, the phosphorothioate modification is
advantageous for introduction of sulfur elements into a desired site, but excessive
phosphothioation may result in problems associated with decreased efficiency, toxicity, and
formation of non-specific RNA-induced silencing complex (RISC). For these reasons suffered
by the above-mentioned two modification methods, it may be preferred to employ a method
which is designed to provide nuclease resistance via introduction of chemical modification
only at a termination position of ribonucleic acid (a region beyond 3'-terminal). Further,
chemical modification of a ribose ring is also known to enhance the nuclease resistance of
nucleic acid. Particularly, modification at 2'-postion of the ribose ring leads to stabilization of
siRNA molecules. However, the stability of siRNA molecules increases only with correct
introduction of a methyl group into the above-specified position of the ribose ring. Further,

introduction of excessively large numbers of methyl groups may result in loss of ribonucleic




10

15

20

25

30

WO 2008/069621 PCT/KR2007/006366

11

acid-mediated interference. Chemical modifications may also be made to improve the in vivo
pharmacokinetic retention time and efficiency (Mark et al., Molecular Therapy, 13:644-670,
2006).

In addition to chemical modifications, a safe and efficient delivery system is still
required to increase intracellular delivery efficiency of siRNA molecules. For this purpose,
siRNA of the present invention may be incorporated in the form of a complex with a nucleic
acid delivery system into a pharmaceutical composition for treating cancer.

The nucleic acid delivery system for intracellular delivery of nucleic acid materials may
be broadly divided into a viral vector system and a non-viral vector system. The most
conventionally and widely used system is a viral vector system because it provides a high
delivery efficiency and a long retention time in vivo. Among a variety of viral vectors, a
retroviral vector, an adenoviral vector, an adeno-associated viral vector, and the like are widely
employed. These viral vector systems are efficient in intracellular delivery of ribonucleic acid,
but suffer from various problems associated with safety concerns, such as difficulty of
recombination of the ribonucleic acid into a virus having in vivo activity, elicitation of immune
response, undesirable random insertion of the ribonucleic acid into host chromosomes, and the
like. On the other hand, the non-viral vector system exhibits various advantages, such as low
toxicity and immune response, feasibility of repeated administration, convenient formation of
a complex of the delivery system with ribonucleic acid, and easy industrial-scale production,
as compared to the viral vector system. Further, organ/cell-targeted nucleic acid delivery to
affected cells or tissue lesions can be carried out by conjugation of a specific ligand with the
non-viral vector. Examples of the non-viral vector that can be used in the present invention
may include various formulations such as liposomes, cationic polymers, micelles, emulsions,
nanoparticles, and the like. The nucleic acid delivery system can significantly enhance
delivery efficiency of the desired nucleic acid into animal cells and can deliver nucleic acid
into any type of animal cells, depending upon the desired uses and applications of the nucleic
acids.

siRNA of the present invention is a short double-stranded RNA (dsRNA) consisting of
19-30 bp nucleotides. Intracellular incorporation of such siRNA exhibits inhibitory effects on
expression of the MIG12 gene or OIPS gene without causing non-specific inhibition,
specifically showing anticancer activity to kill cancer cells. Further, siRNA of the present

invention can be used for functional study of related genes.



10

15

20

25

30

WO 2008/069621 PCT/KR2007/006366

12

Further, the present invention provides an sShRNA of an MIG12 (hereinafter, referred to
as MIG12 shRNA or shMIG12) or an shRNA of OIP5 gene (hereinafter, referred to as OIP5
shRNA or shOIP5).

The aforementioned shRNA (small hairpin RNA) is a sequence of RNA that makes a
tight hairpin turn that can be used to silence gene expression via RNA interference. sShRNA,
which consists of siRNA sense sequence and 3-10 bases of linker-antisense siRNA sequence,
uses a plasmid vector introduced into cells and utilizes the U6 promoter to ensure that the
shRNA is always expressed. The loop sequence of the resulting ShRNA is cleaved by Dicer, an
RNase III enzyme, to generate mature siRNA which will exhibit RNAi effects. shRNAs can
also be cloned into lentivirus or adenovirus and used for in vivo animal study. shRNA exhibits
RNAI effects for a relatively long time, as compared to siRNA.

Similar to MIG12 siRNA, the MIG12 shRNA may also comprise a nucleotide sequence
corresponding to an mRNA sequence derived from a nucleotide sequence of 19 to 30
contiguous nucleotides, among one or more sequences selected from SEQ ID NOS: 14, 15, 16,
17 and 18 of the MIG12 gene.

The MIG12 shRNA may comprise an RNA nucleotide sequence of SEQ ID NO: 4 and
an antisense RNA sequence which is linked via a 3-10 bp loop to and is reverse
complementary to the sequence of SEQ ID NO: 4. The RNA nucleotide sequence of SEQ ID
NO: 4 is a 19-bp nucleotide sequence which corresponds to an mRNA sequence derived from
a nucleotide sequence ranging from nucleotide 1123 to nucleotide 1141 of the MIG12 gene of
SEQ ID NO: 1 and may have superior gene expression inhibition (RNAI effects) on an anti-
sense strand reverse complementary to the sequence of SEQ ID NO: 4.

As used herein, the term “RNA nucleotide sequence” refers to an RNA nucleotide
sequence part with exception of a short sequence consisting of two bases (TT) from the
nucleotide sequence of SEQ ID NO: 4.

A top strand for construction of an expression vector to express the MIG12 shRNA may
have a sequence as set forth in SEQ ID NO: 27.

Similar to OIP5 siRNA, the OIP5S shRNA may comprise a nucleotide sequence
corresponding to an mRNA sequence derived from a nucleotide sequence of 19 to 30
contiguous nucleotides, among one or more sequences selected from SEQ ID NOS: 19, 20, 21,
22, 23,24, 25, and 26.

The OIP5 shRNA may comprise an RNA nucleotide sequence of SEQ ID NO: 5 and an
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antisense RNA sequence which is linked via a 3-10 bp loop to and is reverse complementary
to the sequence of SEQ ID NO: 5. The RNA nucleotide sequence of SEQID NO: 5is a 19-bp
nucleotide sequence which corresponds to an mRNA sequence derived from a nucleotide
sequence ranging from nucleotide 426 to nucleotide 444 of the OIP5 gene of SEQ ID NO: 2
and may have superior gene expression inhibition (RNAI effects) on an anti-sense strand
reverse complementary to the sequence of SEQ ID NO: 5.

As used herein, the term “RNA nucleotide sequence” refers to an RNA nucleotide
sequence part with exception of a short sequence consisting of two bases (TT) from the
nucleotide sequence of SEQ ID NO: 5.

A top strand for construction of an expression vector to express the OIP5 shRNA may
have a sequence as set forth in SEQ ID NO: 28.

Expression constructs/vectors comprising shRNA (small hairpin RNA) having the
siRNA nucleotide sequence to enhance the intracellular retention and transfection effects of
SiRNA are known to those skilled in the art. For example, US Patent Application Nos.
2004/106567 Al and 2004/0086884 disclose a variety of delivery mechanisms, such as viral
and non-viral vectors comprising shRNA, liposome delivery systems, in vivo injection systems
of plasmid DNAs, artificial viral envelope and polylysine conjugates, as well as plenty of
information about the expression constructs/vectors.

Further, the present invention provides a composition for treating cancer, comprising an
inhibitor of an MIG12 or OIP5 gene.

As used herein, the term “inhibitor” encompasses a gene-expression inhibitor.

The composition may further comprise one or more pharmaceutically acceptable carriers.

As can be confirmed from Examples which will be illustrated hereinafter, the gene of the
present invention is expressed at a high level in cancer cells, and administration of an inhibitor
against the aforementioned gene (hereinafter, referred to as “gene inhibitor™) can suppress the
gene expression to thereby inhibit incidence of cancer.

Therefore, the present invention provides a use of a gene inhibitor for treating cancer,
and a method for treating cancer, comprising administering a therapeutically effective amount
of the gene inhibitor to a subject in need thereof. As used herein, term “treating cancer” or
“treatment of cancer” or “cancer treatment” encompasses prevention and inhibition of cancer.

In the present invention, the gene inhibitor may be an antisense oligonucleotide for
mRNA of the MIG12 or OIP5 gene.
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The antisense oligonucleotide has been successfully employed to achieve gene-specific
inhibition both in vivo and in vitro. The antisense oligonucleotide is a short synthetic DNA
strand (or DNA analog) which is antisense (or complementary) to a certain DNA or RNA
target. The antisense oligonucleotide is proposed to prevent expression of the protein encoded
by a DNA or RNA target. For this purpose, the antisense oligonucleotide binds to the target to
thereby halt the protein expression at a transcription, translation or splicing stage. Further, the
antisense oligonucleotide has been successfully used in cell culture and animal models of
disease (Hogrefe, 1999). Additional modification of antisense oligonucleotides to secure that
oligonucleotide is more stable and resistant against in vivo nuclease degradation may be
carried out by any conventional method well known to those skilled in the art. As used herein,
the term “antisense oligonucleotide” encompasses double-stranded DNAs (dsDNAs) or single-
stranded DNAs (ssDNAs), dsRNAs or ssRNAs, DNA/RNA hybrids, DNA and RNA analogs,
and oligonucleotides having modifications of base, sugar, and/or backbone. The
oligonucleotide may be chemically modified to improve the stability thereof and increase the
resistance against nuclease degradation, according to a conventional method known in the art.
These modification methods are conventionally known in the art, and may include, but are not
limited to, modifications of the oligonucleotide backbone, sugar moieties and bases.

Further, the gene inhibitor may be siRNA (Small Interfering RNA) of the MIG12 or
OIPS gene.

siRNA is prepared by simultaneous synthesis of a sense strand of the gene and an anti-
sense strand exhibiting practical gene expression inhibition in cells. Thereafter, two strands
synthesized are allowed to form a double-stranded RNA, followed by intracellular
incorporation.

For convenience, unless otherwise specified, the siRNA sequence of the present
invention refers to a sense strand of a gene of interest.

A candidate siRNA sequence region of the MIG12 gene (NM_021242) may have a
nucleotide sequence consisting of 19-30 contiguous nucleotides as set forth in SEQ ID NO: 14,
15, 16, 17, or 18. The nucleotide sequence of SEQ ID NO: 14, 15, 16, 17, or 18 is a partial
sequence of the MIG12 gene (NM_021242) of SEQ ID NO: 1 and has a nucleotide sequence
consisting of from nucleotide 845 to nucleotide 950, a nucleotide sequence consisting of from
nucleotide 970 to nucleotide 1030, a nucleotide sequence consisting of from nucleotide 1080

to nucleotide 1160, a nucleotide sequence consisting of from nucleotide 1220 to nucleotide
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1290, or a nucleotide sequence consisting of from nucleotide 1320 to nucleotide 1400, each
sequence comprising 61-106 nucleotides. That is, a nucleotide sequence complementary to the
aforesaid nucleotide sequence may be a sequence which is capable of efficiently inducing
RNAI.

The MIG12 siRNA may comprise a nucleotide sequence corresponding to an mRNA
sequence derived from a nucleotide sequence of 19 to 30 contiguous nucleotides, among one
or more sequences selected from SEQ ID NOS: 14,15, 16, 17 and 18.

The MIG12 siRNA may have a nucleotide sequence of SEQ ID NO: 3 or 4. The
sequence of SEQ ID NO: 3 may be a sequence which has a 19-bp nucleotide sequence
corresponding to an mRNA sequence derived from a nucleotide sequence ranging from
nucleotide 1331 to nucleotide 1349 of the MIG12 gene of SEQ ID NO: 1 and contains two
overhang nucleotides of TT, whereas the sequence of SEQ ID NO: 4 may be a sequence which
has a 19-bp nucleotide sequence corresponding to an mRNA sequence derived from a
nucleotide sequence ranging from nucleotide 1123 to nucleotide 1141 of the MIG12 gene of
SEQ ID NO: 1 and contains two overhang nucleotides of TT. These sequences may have
superior gene expression inhibition (RNAI effects) on the anti-sense strand complementary to
the sequence of SEQ ID NO: 3 or 4.

A candidate siRNA sequence region of the OIP5 gene (NM_007280) may have a
nucleotide sequence consisting of 19-30 contiguous nucleotides as set forth in SEQ ID NO: 19,
20, 21, 22, 23, 24, 25, or 26. The nucleotide sequence of SEQ ID NO: 19, 20, 21, 22, 23, 24,
25, or 26 is a partial sequence of the OIP5 gene (NM_007280) of SEQ ID NO: 2 and has a
nucleotide sequence consisting of from nucleotide 1 to nucleotide 60, a nucleotide sequence
consisting of from nucleotide 120 to nucleotide 180, a nucleotide sequence consisting of from
nucleotide 380 to nucleotide 460, a nucleotide sequence consisting of from nucleotide 518 to
nucleotide 580, a nucleotide sequence consisting of from nucleotide 720 to nucleotide 780, a
nucleotide sequence consisting of from nucleotide 850 to nucleotide 890, a nucleotide
sequence consisting of from nucleotide 920 to nucleotide 980, or a nucleotide sequence
consisting of from nucleotide 1040 to nucleotide 1100, each sequence comprising 41-81
nucleotides. That is, a nucleotide sequence complementary to the aforesaid nucleotide
sequence may be a sequence which is capable of efficiently inducing RNAI.

The OIP5 siRNA may comprise a nucleotide sequence corresponding to an mRNA

sequence derived from a nucleotide sequence of 19 to 30 contiguous nucleotides, among one
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or more sequences selected from SEQ ID NOS: 19, 20, 21, 22,23,24,25, and 26.

The OIP5 siRNA may have a nucleotide sequence of SEQ ID NO: 5 or 6. The sequence
of SEQ ID NO: 5 may be a sequence which has a 19-bp nucleotide sequence corresponding to
an mRNA sequence derived from a nucleotide sequence ranging from nucleotide 426 to
nucleotide 444 of the OIP5 gene of SEQ ID NO: 2 and contains two overhang nucleotides of
TT, whereas the sequence of SEQ ID NO: 6 may be a sequence which has a 19-bp nucleotide
sequence corresponding to an mRNA sequence derived from a nucleotide sequence ranging
from nucleotide 417 to nucleotide 435 of the OIPS gene of SEQ ID NO: 2 and contains two
overhang nucleotides of TT. These sequences may have superior gene expression inhibition
(RNAi effects) on the anti-sense strand complementary to the sequence of SEQ ID NO: 5 or 6.

Further, siRNA of the present invention may be chemically modified in order to prevent
rapid degradation which may occur by the action of in vivo nucleases. siRNA has a double-
stranded structure, and therefore is relatively stable as compared to single-stranded ribonucleic
acid or antisense oligonucleotide molecules. However, siRNA is readily susceptible to in vivo
nuclease degradation, so it is possible to lower a degradation rate of siRNA via chemical
modification thereof. Chemical modification of siRNA to secure that siRNA is chemically
stable and resistant against rapid degradation may be carried out by any conventional method
well known to those skilled in the art. The most conventional method used in chemical
modification of siRNA is boranophosphate or phosphorothioate modification. These materials
form stable nucleoside-nucleoside association of siRNA molecules, thereby conferring
resistance to nucleic acid degradation. Even though it is resistant to nucleic acid degradation,
the boranophosphate-modified ribonucleic acid is not synthesized by a chemical reaction and
is synthesized only by incorporation of boranophosphate into ribonucleic acid via in vifro
transcription. The boranophosphate modification is a relatively easy method, but has a
disadvantage associated with difficulty of site-directed modification at a certain position of
target molecules or compounds. On the other hand, the phosphorothioate modification is
advantageous for introduction of sulfur elements into a desired site, but excessive
phosphothioation may result in problems associated with decreased efficiency, toxicity, and
formation of non-specific RNA-induced silencing complex (RISC). For these reasons suffered
by the above-mentioned two modification methods, it may be preferred to employ a method
which is designed to provide nuclease resistance via introduction of chemical modification

only at a termination position of ribonucleic acid (a region beyond 3'-terminal). Further,
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chemical modification of a ribose ring is also known to enhance the nuclease resistance of
nucleic acid. Particularly, modification at 2'-postion of the ribose ring leads to stabilization of
siRNA molecules. However, the stability of siRNA molecules increases only with correct
introduction of a methyl group into the above-specified position of the ribose ring. Further,
introduction of excessively large numbers of methyl groups may result in loss of ribonucleic
acid-mediated interference. Chemical modifications may also be made to improve the in vivo
pharmacokinetic retention time and efficiency (Mark et al., Molecular Therapy, 13:644-670,
2006).

In addition to chemical modifications, a safe and efficient delivery system is still
required to increase intracellular delivery efficiency of siRNA molecules. For this purpose,
siRNA of the present invention may be incorporated in the form of a complex with a nucleic
acid delivery system into a pharmaceutical composition for treating cancer.

The nucleic acid delivery system for intracellular delivery of nucleic acid materials may
be broadly divided into a viral vector system and a non-viral vector system. The most
conventionally and widely used system is a viral vector system because it provides a high
delivery efficiency and a long retention time in vivo. Among a variety of viral vectors, a
retroviral vector, an adenoviral vector, an adeno-associated viral vector, and the like are widely
employed. These viral vector systems are efficient in intracellular delivery of ribonucleic acid,
but suffer from various problems associated with safety concerns, such as difficulty of
recombination of the ribonucleic acid into a virus having in vivo activity, elicitation of immune
response, undesirable random insertion of the ribonucleic acid into host chromosomes, and the
like. On the other hand, the non-viral vector system exhibits various advantages, such as low
toxicity and immune response, feasibility of repeated administration, convenient formation of
a complex of the delivery system with ribonucleic acid, and easy industrial-scale production,
as compared to the viral vector system. Further, organ/cell-targeted nucleic acid delivery to
affected cells or tissue lesions can be carried out by conjugation of a specific ligand with the
non-viral vector. Examples of the non-viral vector that can be used in the present invention
may include various formulations such as liposomes, cationic polymers, micelles, emulsions,
nanoparticles, and the like. The nucleic acid delivery system can significantly enhance
delivery efficiency of the desired nucleic acid into animal cells and can deliver nucleic acid

into any type of animal cells, depending upon the desired uses and applications of the nucleic

" acids.
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siRNA of the present invention is a short double-stranded RNA (dsRNA) consisting of
19-30 bp nucleotides. Intracellular incorporation of such siRNA exhibits inhibitory effects on
expression of the MIG12 gene or OIP5 gene without causing non-specific inhibition,
specifically showing anticancer activity to kill cancer cells. Further, siRNA of the present
invention can be used for functional study of related genes.

Further, the gene inhibitor may be ShRNA of an MIG12 or OIP5 gene.

The aforementioned shRNA (small hairpin RNA) is a sequence of RNA that makes a
tight hairpin turn that can be used to silence gene expression via RNA interference. shRNA,
which consists of siRNA sense sequence and 3-10 bases of linker-antisense siRNA sequence,
uses a plasmid vector introduced into cells and utilizes the U6 promoter to ensure that the
shRNA is always expressed. The loop sequence of the resulting shRNA is cleaved by Dicer, an
RNase III enzyme, to generate mature siRNA which will exhibit RNAI effects. shRNAs can
also be cloned into lentivirus or adenovirus and used for in vivo animal study. shRNA exhibits
RNAI effects for a relatively long time, as compared to siRNA.

Similar to MIG12 siRNA, the MIG12 shRNA may also comprise a nucleotide sequence
corresponding to an mRNA sequence derived from a nucleotide sequence of 19 to 30
contiguous nucleotides, among one or more sequences selected from SEQ ID NOS: 14, 15, 16,
17 and 18 of the MIG12 gene.

The MIG12 shRNA may comprise an RNA nucleotide sequence of SEQ ID NO: 4 and
an antisense RNA sequence which is linked via a 3-10 bp loop to and is reverse
complementary to the sequence of SEQ ID NO: 4. The RNA nucleotide sequence of SEQ ID
NO: 4 is a 19-bp nucleotide sequence which corresponds to an mRNA sequence derived from
a nucleotide sequence ranging from nucleotide 1123 to nucleotide 1141 of the MIG12 gene of
SEQ ID NO: 1 and may have superior gene expression inhibition (RNAI effects) on an anti-
sense strand reverse complementary to the sequence of SEQ ID NO: 4.

As used herein, the term “RNA nucleotide sequence” refers to an RNA nucleotide
sequence part with exception of a short sequence consisting of two bases (TT) from the
nucleotide sequence of SEQ ID NO: 4.

A top strand for construction of an expression vector to express the MIG12 shRNA may
have a sequence as set forth in SEQ ID NO: 27.

Similar to OIP5 siRNA, the OIP5 shRNA may comprise a nucleotide sequence

corresponding to an mRNA sequence derived from a nucleotide sequence of 19 to 30
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contiguous nucleotides, among one or more sequences selected from SEQ ID NOS: 19, 20, 21,
22,23, 24, 25, and 26.

The OIP5 shRNA may comprise an RNA nucleotide sequence of SEQ ID NO: 5 and an
antisense RNA sequence which is linked via a 3-10 bp loop to and is reverse complementary
to the sequence of SEQ ID NO: 5. The RNA nucleotide sequence of SEQ ID NO: Sisa 19-bp
nucleotide sequence which corresponds to an mRNA sequence derived from a nucleotide
sequence ranging from nucleotide 426 to nucleotide 444 of the OIP5 gene of SEQ ID NO: 2
and may have superior gene expression inhibition (RNAI effects) on an anti-sense strand
reverse complementary to the sequence of SEQ ID NO: 5.

As used herein, the term “RNA nucleotide sequence” refers to an RNA nucleotide
sequence part with exception of a short sequence consisting of two bases (TT) from the
nucleotide sequence of SEQ ID NO: 5.

A top strand for construction of an expression vector to express the OIPS shRNA may
have a sequence as set forth in SEQ ID NO: 28.

Expression constructs/vectors comprising shRNA (small hairpin RNA) having the
siRNA nucleotide sequence to enhance the intracellular retention and transfection effects of
SiRNA are known to those skilled in the art. For example, US Patent Application Nos.
2004/106567 Al and 2004/0086884 disclose a variety of delivery mechanisms, such as viral
and non-viral vectors comprising shRNA, liposome delivery systems, in vivo injection systems
of plasmid DNAs, artificial viral envelope and polylysine conjugates, as well as plenty of
information about the expression constructs/vectors.

siRNA has a promising potential as a very strong inhibitor drug on in vivo expression of
a certain gene, in view of the long retention time upon cell culture and under in vivo conditions,
in vivo transfection capacity and resistance against serum degradation (Bertrand et al., 2002).

siRNA even at a relatively low concentration can achieve inhibitory effects on gene
expression comparable to or higher than those obtained by the antisense oligonucleotide and
therefore is proposed as a substitute for the antisense oligonucleotide (Thompson, 2002).
siRNAs are widely utilized for inhibition of gene expression in animal models of disease.
Those skilled in the art will appreciate that it is possible to synthesize and modify the antisense
oligonucleotide and siRNA as desired, using any conventional method known in the art (see
Andreas Henschel, Frank Buchholzl and Bianca Habermann (2004) DEQOR: a web-based
tool for the design and quality control of siRNAs. Nucleic Acids Research 32 (Web Server
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Issue):W113-W120). Further, it will be apparent to those skilled in the art that there are a
variety of regulatory sequences (for example, constitutive or inducible promoters, tissue-
specific promoters or functional fragments thereof, etc.) which are useful for the antisense
oligonucleotide, siRNA, or shRNA expression construct/vector.

The antisense oligonucleotide, siRNA, or shRNA of the present invention, which is used
for treatment of cancer, may be administered in the form of a composition further comprising
pharmaceutically acceptable carrier(s). Examples of suitable pharmaceutically acceptable
carriers may include water, saline, PBS (phosphate buffered saline), dextrin, glycerol, and
ethanol. These materials may be used alone or in any combination thereof. Additionally, the
composition of the present invention may be appropriately formulated by a conventional
method known in the art, such that it is possible to achieve fast, sustained or delayed release of
active ingredients after administration of the composition to a subject including mammals or
humans.

The gene inhibitor may be antisense oligonucleotides, siRNAs, or shRNAs, as well as
any material capable of inhibiting expression of a gene of interest, such as low-molecular
weight compounds, natural products, bioactive proteins, in vivo proteins, novel proteins, and
synthetic and naturally-occurring chemicals. Therefore, it is possible to use compounds known
as the inhibitor of the aforementioned gene in the art, and materials identified by a screening
method using the same gene.

Further, the present invention provides a composition for treating cancer, comprising an
inhibitor against the protein expressed from an MIG12 or OIP5 gene (hereinafter, referred to
as “protein inhibitor”).

Suppression of the gene of the present invention results in subsequent inhibition of the
corresponding protein expression to thereby inhibit development and/or progress of cancer.
Consequently, it is possible to inhibit development of cancer via suppression of expression of
the corresponding protein from the MIG12 or OIPS gene.

Therefore, the present invention provides a use of a protein inhibitor for treating cancer,
and a method for treating cancer, comprising administering a therapeutically effective amount
of the same protein inhibitor to a subject in need thereof. As used herein, term “treating
cancer” or “treatment of cancer” or “cancer treatment” encompasses prevention and inhibition
of cancer.

The protein inhibitor may be an antibody directed against the protein expressed from the
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gene of the present invention. Monoclonal antibodies directed against the aforesaid protein
may be produced by any conventional method for production of monoclonal antibodies known
in the art or otherwise may be commercially available. Alternatively, instead of monoclonal
antibodies, it may also be possible to use polyclonal antibodies which recognize the aforesaid
protein. These polyclonal antibodies may be obtained by any conventional method for
production of antiserum known in the art.

For purpose of desired administration, the composition of the present invention may be
formulated into a variety of dosage forms by further inclusion of one or more
pharmaceutically acceptable carriers in combination with the above-mentioned active
ingredient. When the inhibitor against the protein of the present invention is an antibody, the
pharmaceutically acceptable carrier may be comprised of a minimum amount of an additive to
improve a shelf life or effectiveness of a binding protein, such as a wetting agent, emulsifier,
preservative or buffer.

Further, the anticancer composition of the present invention may be used in combination
with one or more anticancer drugs. The anticancer composition may further comprise
chemotherapeutic agents well-known to those skilled in the art, for example, alkylating agents
such as cyclophosphamide, aziridine, alkyl alkone sulfonate, nitrosourea, dacarbazine,
carboplatin, cisplatin, and the like, antibiotics such as mitomycin C, anthracycline,
doxorubicin (Adriamycin), and the like, antimetabolic agents such as methotrexate, 5-
fluorouracil (5-FU) and cytarabine, plant-derived agents such as Vinca alkaloids, and
hormones.

The composition of the present invention may further comprise pharmaceutically and
physiologically acceptable additives, in addition to the active ingredient. Examples of such
additives may include excipients, disintegrating agents, sweeteners, binders, coating agents,
blowing agents, lubricants, glidants, solubilizers, etc.

The composition of the present invention may further comprise one or more
pharmaceutically acceptable carriers besides the active ingredient, to be formulated to a
pharmaceutical composition appropriately.

For formulation of the composition into a liquid preparation, a pharmaceutically
acceptable carrier which is sterile and biocompatible may be used such as saline, sterile water,
Ringer’s solution, buffered physiological saline, albumin infusion solution, dextrose solution,

maltodextrin solution, glycerol, and ethanol. These materials may be used alone or in any
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combination thereof. If necessary, other conventional additives may be added such as
antioxidants, buffers, bacteriostatic agents, and the like. Further, diluents, dispersants,
surfactants, binders and lubricants may be additionally added to the composition to prepare
injectable formulations such as aqueous solutions, suspensions, and emulsions, or oral
formulations such as pills, capsules, granules, and tablets. Furthermore, the composition may
be preferably formulated into a desired dosage form, depending upon diseases to be treated
and ingredients, using any appropriate method known in the art, as disclosed in “Remington’s
Pharmaceutical Sciences,” Mack Publishing Co., Easton, PA.

Dosage forms of the composition of the present invention may include granules,
powders, coated tablets, tablets, capsules, suppositories, syrups, juice, suspensions, emulsions,
drops or injectable liquid formulations and sustained-release formulations of active
ingredient(s).

The pharmaceutical composition can be administered via a conventional route, for
example intravenously, intraarterially, intraperitoneally, intramuscularly, intrathoracically,
percutaneously, intranasally, locally, rectally, orally, intraocularly, intradermally, or by
inhalation.

As used herein, the term “therapeutically effective amount” refers to an amount of an
active ingredient that is required to exert anticancer effects. As will be apparent to those skilled
in the art, the effective dose of the active ingredient in accordance with the present invention
may vary depending upon various factors such as kinds of disease, severity of disease, kinds
and contents of active ingredients and other components contained in the composition, kinds
of dosage forms, age, weight, health, sex and dietary habits of patients, administration times
and routes, release rates of the composition, treatment duration, and co-administered drugs.
For adults, when the gene or protein inhibitor is administrated one or more times a day, the
dosage is preferably in a range of 0.01 ng/kg to 10 mg/kg for siRNA, 0.01 ng/kg to 10 mg/kg
for ShRNA, 0.01 ng/kg to 10 mg/kg for antisense oligonucleotide to mRNA of the aforesaid
gene, 0.1 ng/kg to 10 meg/kg for a compound, 0.1 ng/kg to 10 mg/kg for a monoclonal antibody
directed against the aforesaid protein, 0.1 ng/kg to 10 mg/kg for a low-molecular weight
compound, 0.1 ng/kg to 10 mg/kg for a natural product, and 0.1 ng/kg to 10 mg/kg for
bioactive proteins, respectively.

Further, the present invention provides a kit for cancer diagnosis, comprising at least one

of an MIG12 gene, an OIPS gene, and a protein expressed from the MIG12 or OIP5 gene.
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In addition to the diagnostic composition of the present invention, the cancer diagnosis
kit may further comprise a material for application of DNA chips, protein chips, etc., which
are used to examine the reaction of the composition with a test sample.

In one embodiment of the present invention, the MIG12 gene may have a nucleotide
sequence of SEQ ID NO: 1 or its variant sequence with deletion, substitution or insertion of
one or more bases.

In another embodiment of the present invention, the OIP5 gene may have a nucleotide
sequence of SEQ ID NO: 2 or its variant sequence with deletion, substitution or insertion of
one or more bases.

Further, it will be apparent to those skilled in the art that the aforementioned sequences
of MIG12 gene, OIP5 gene, and siRNA or shRNA of the MIG12 and OIP5 genes are provided
for illustration only and are not necessarily representative of the sequences for the purpose of
limiting the invention. Sequences having substantial sequence identity or homology to the
above-mentioned sequences also fall within the scope of the present invention. As used herein,
the term “substantial sequence identity” or “substantial sequence homology” is used to
indicate that a sequence of interest exhibits substantial structural or functional equivalence
with another sequence. Differences may be due to inherent variations in codon usage among
different species, for example. Structural differences are considered de minimis if there is a
significant amount of sequence overlap or similarity between two or more different sequences
or if the different sequences exhibit similar physical characteristics even if the sequences differ
in length or structure.

The matters relating to genetic engineering technologies will be more explicit from the
written text described in Sambrook et al., Molecular Cloning, A Laboratory Manual, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N. Y. (2001) and Frederick M. Ausubel
et al., Current Protocols In Molecular Biology, volume 1, 2, 3, John Wiley & Sons, Inc. (1994).

ADVANTAGEOUS EFFECTS

Upon overexpression of MIG12 and OIPS genes of the present invention in model cells,
these genes are implicated in cell cycle regulation and growth factors, are expressed at high
levels in cancer cell lines, and increase a cell growth rate. Therefore, inhibition of expression
of these genes leads to suppression of cancer cell growth. For these reasons, MIG12 and OIP5

genes can be used as a target gene for diagnosis or cancer therapy of various cancers. As a
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result, it is expected that the present invention will be used for research and development of
personalized anticancer drugs having low adverse side effects, such as cancer target gene-
specific therapeutic agents, for example biopharmaceuticals such as siRNA/shRNA drugs,
antibody drugs and protein drugs, and cancer-targeted drugs such as low-molecular weight
synthetic drugs and natural products which target MIG12 and OIP5 proteins. Further, the
present invention will contribute to the development of a source technology which forms the

basis of study of new cancer-related mechanisms.

DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a schematic diagram of cloning a human gene from a plasmid (Entry
clone) with insertion of the human gene into a destination vector, S. pombe;

FIG. 2 illustrates phenotypic changes observable upon overexpression of a human gene
MIG12 in S. pombe. FIG. 2A: Cell growth inhibition, FIG. 2B: Morphological changes of cells,
FIG. 2C: Intracellular changes of DNA levels, and FIG. 2D: Confirmation of human gene
expression;

FIG. 3 illustrates phenotypic changes observable upon overexpression of a human gene
OIP5 in S. pombe. FIG. 3A: Cell growth inhibition, FIG. 3B: Morphological changes of cells,
FIG. 3C: Intracellular changes of DNA levels, and FIG. 3D: Confirmation of human gene
expression;

FIG. 4 illustrates RT-PCR measurement of mRNA levels for MIG12 and OIP5 genes in
liver and stomach cancer cell lines;

FIG. 5 illustrates comparison of expression levels of an OIP5 gene in cancer tissues and
normal tissues of colorectal cancer patients;

FIG. 6 illustrates comparison of expression levels of an OIP5 mRNA in cancer tissues of
colorectal cancer patients, using RT-PCR;

FIG. 7 illustrates a graph for the results of proliferation assay after expression of MIG12
and OIP5 genes in animal cells (NIH3T3), as experiments for prediction of the relationship
between genes and carcinogenesis;

FIG. 8 illustrates energy profiles of MIG12 and OIP5 genes;

FIG. 9 illustrates a graph showing a degree of cell growth inhibition in various stomach,
liver, lung and colorectal cancer cell lines, as the results of siRNA experiments to confirm the

potentiality of MIG12 and OIP5 genes as a cancer target gene;
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FIG. 10 illustrates cell photographs showing cell growth inhibition in a variety of
stomach and liver cancer cell lines, as the results of siRNA experiments to confirm the
potentiality of MIG12 and OIP5 genes as a cancer target gene;

FIG. 11 illustrates FACS analysis results for measurement of cell apoptosis due to
expression inhibition of the corresponding gene after siRNA experiments;

FIG. 12 illustrates changes in expression levels of apoptosis-related genes through RNAi
experiments using siMIG12 or siOIPS5;

FIG. 13 illustrates shRNA design (A) and experimental results (B);

FIG. 14 illustrates a graph showing cell growth inhibition and inhibition degree after
overexpression of MIG12 and OIP5 genes in fission yeast S. pombe as a model cell; and

FIG. 15 illustrates investigation results for the development feasibility of an HTS
screening system which is intended to target MIG12 and OIP5 genes, using a 96-well plate.

MODE FOR INVENTION

The present invention will be described in more detail with reference to the following
Examples.

These and other objects, advantages and features of the present invention will become
apparent from the detailed embodiments given below which are made in conjunction with the
following Examples. The present invention may be embodied in different forms and should
not be misconstrued as being limited to the embodiments set forth herein, and those skilled in
the art will appreciate that various modifications, additions and substitutions are possible
without departing from the scope and spirit of the invention as disclosed in the accompanying
claims. Therefore, it should be understood that the embodiments disclosed herein are provided
only for illustrating the present invention and should not be construed as limiting the scope

and spirit of the present invention.

Example 1: Effects of MIG12 and OIP5 overexpression on cells

Fission yeast S. pombe expressed phenotypes of overexpression and/or deletion of the
genes involved in cell cycle and signal transduction since they caused deregulation in signal
transduction resulting in growth inhibition and morphological changes. The phenotypic
analysis for growth inhibition and morphological changes was performed by overexpression of

MIG12 and OIP5 in S. pombe.
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1-1. Construction of fission yeast expressiong MIG12 and OIPS

Gateway Cloning Technology was chosen for the rapid cloning of human ¢DNA into the
S. pombe expression vector. For the overexpression of human cDNA in S. pombe, the
destination vector, pDES173 (KCTC 10757BP), was constructed by inserting a conversion
cassette into pSLF173, an S. pombe expression vector containing an nmt1 inducible promoter
with an HA tag at the 5’-end of the cloning site (http://www.atcc.org/ common/products/
vectors.cfm). The gene under the nmt] promoter is expressed in the absence of thiamine and
subject to transcriptional repression in the presence of thiamine in S. pombe. The genes of
MIG12 and OIP5 human ¢cDNAs in the pDONR201 donor vector (21C Frontier Human cDNA
Bank (http://kugi kribb.re kr:8080/genbank/)) were successfully transferred into the S. pombe
pDES173 by the clonase reaction (FIG. 1).

Human genes in the pDES173 expression vector were introduced into S. pombe haploid
strain ED665 (h-, ade6-M210 leul-32 ura4-D18) (Fanters, University of Glasgow, UK) by the
method of lithium acetate. ED665 was cultured in Edinburgh Minimal Medium (EMM,
Edinburgh Minimal Media) supplemented with 75 ug/mL of adenine, 75 pg/mL of uracil,

and/or 250 ug/mL of leucine.

1-2. Growth inhibition by overexpression of MIG12 or OIP5

To overexpress human genes cloned into pDES173 under the nmtl promoter, cells were

grown in minimal media containing adenine and leucine in the presence (EMM+AL+Thia)
and absence (EMM+AL) of thiamine, a repressor of nmtl promoter. The cells containing the
expression vector only were used as a control. Growth defects were examined by plating cells
containing human ¢cDNA in a plate with and without thiamine, incubating them for 3 days and
comparing the numbers and sizes of colonies in two plates. The growth inhibition of colonies
overexpressing MIG12 and OIP5 indicates overexpression of these genes induces cellular
function of human genes relevant to cancer, such as growth inhibition and morphological

changes of S. pombe (FIGS. 2A and 3A).

1-3. Phenotypic changes by expression of MIG12 and OIPS

The phenotypic analysis was performed based on the hypothesis that the overexpression

of genes involved in carcinogenesis induced growth inhibition and morphological changes. To
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observe phenotypes of cells overexpressing MIG12 and OIPS5, exponentially growing cells
grown in the presence of thiamine were washed 3 times, transferred to fresh media with or
without thiamine, and grown for 8 hours. After reinoculating S. pombe containing MIG12 or
OIP5 genes in fresh media without thiamine and growing for 9 to 16 hours in the absence of
thiamine, overexpression phenotypes were analyzed for growth inhibition and morphological
changes. The expression of human genes MIG12 and OIPS5 induced abnormal multi-septa
formation of S pombe, mostly caused by defects in the mitotic checkpoint and cytokinesis

(FIGS. 2B and 3B).

1-4. Changes in regulation of cell cycle

To detect septa and nuclei, cells were stained with 10 ul of Calcofluor (200 rg/mL)
and DNA-specific ﬂuoroéhrome (DAPI, 4, 6-diamidino-2-phenylindole dihydrochloride, 20
pg/mL) for 15 min. After washing, cells were analyzed by fluorescent microscopy (Zeiss). To
analyze the DNA contents in single cells by flow cytometry, S. pombe cells were fixed in 80%
ethanol for 16 to 24 hours and treated with propidium iodide (50 mg/mL) and RNase (200
mg/mL). The amount of DNA was analyzed by FACScan™ (Becton Dickinson, Franklin
Lakes, NJ., USA) in 1 x 10* cells. When the human genes MIG12 and OIP5 were
overexpressed in S. pombe cells, FACS analysis showed the cell population with multisepta
with each individual nucleus increased (FIGS. 2C and 3C) indicating that they may have

defects in mitotic control and/or cytokinesis.

1-5. Expression of human gene in S. pombe

Here, human ¢DNAs were cloned into pDES173 under the nmtl promoter to be
expressed as HA-tagged proteins at the N-terminal region in the absence of thiamine. The
overexpression of the human genes was clearly confirmed by Western blot analysis using an
HA antibody (FIGS. 2D and 3D). The phenotypic analysis indicated that the overexpression of
MIG12 and OIP5 genes induced growth inhibition and morphological changes of S. pombe.
Therefore, MIG12 and OIP5 genes can be used as potential diagnostic markers and therapeutic

targets of cancer.

Example 2: Expression of MIG12 and OIPS5 in cancer cell lines

The simple validation of a gene for relevance to cancer is to examine expression level of
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mRNA of the gene in cancer tissues or cancer cell lines. Comparison of mRNA levels between
cancer and normal tissues provides clues that a gene of interest is involved in progression and
regulation of carcinogenesis. Here, oncogenic validation was performed by examining the
mRNA levels of the genes in various cancer cell lines.

The mRNA levels of MIG12 and OIP5 genes in the various cancer cell lines can be
measured by RT-PCR. The stomach cancer cell lines used are Sun620, Sun216, Sun484,
Sun601 and Sun638 (Korean Cell Line Bank, Seoul National University, Korea). The liver
cancer cell lines used are Huh7, SH-J1, and Ck-la (by courtesy of Dr. Dae Ghon Kim,
Chonnam National University, Korea), Chang (ATCC #CCL-62), Snu790 and Snu354 (Korean
Cell Line Bank, Seoul National University, Korea). And as a normal cell control, IMR90
(human fetal lung fibroblasts, ATCC #CCL-186) was used.

Total RNA was purified using the Qiagen RNeasy Mini kit according to the instructions
of the manufacturer. RT-PCR was performed with an RNA template (1 pug/reaction) and
specific primers (Table 1) by using the One-step RT-PCR PreMix kit (iNtRON Biotechnology,
Inc., Korea). PCR was carried out according to the instructions of the manufacturer: one cycle
(45°C for 30 min, 94°C for 5 min), 30 cycles (94 C for 30 sec, 52C for 30 sec, 72 T for1

min), and one final extension cycle (72°C for 5 min).

Table 1
N-terminus C-terminus
MIG12 SEQ ID NO: 10 SEQ ID NO: 11
5" TGATGCAAATCTGCGACACC-3' |5'-CAGTGGCCCCAATTGCCGAA-3'
OIPS SEQ ID NO: 12 SEQ ID NO: 13
5'-GGCTGGGGGCTGAGGAGCCA-3|5-CACTTCACTCAGAATCTTCA-3'

The genes of MIG12 and OIP5 were highly expressed in most liver and stomach cancer
cell lines compared to those in a fibroblast cell line, IMR90. OIP5 exhibited much higher
expressions in stomach cancer cell lines than liver cancer cell lines (FIG. 4). These results
indicate that the genes expressing at a high level in most of the cell lines may be associated

with a common mechanism of liver and stomach cancers.

Example 3
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3-1: Microarray analysis of OIPS in colorectal cancer

The colorectal cancer tissues were obtained from 66 patients of stage II and stage III at
Samsung Medical Center (Seoul, Korea). Total RNAs were extracted from cancer and normal
tissues, using the Qiagen kit as described in the manual and used for microarray analysis of
48K Tilumina chips. The quality of total RNA samples was assessed using an Experion (Bio-
Rad Laboratories). RNA samples were labeled according to the chip manufacturers
recommended protocols. 0.5 zg of total RNA from each sample was labeled by using the
Tllumina TotalPrep RNA Amplification Kit (Ambion) in a process of cDNA synthesis and in
vitro transcription. Single-stranded RNA (cRNA) was generated and labeled by incorporating
biotin-NTP (Ambion). A total of 1.5 g of biotin-labeled cRNA was hybridized at 58°C for
16 hours to Illumina’s Sentrix Human-6 v2 Expression BeadChip (Illumina). The hybridized
biotinylated cRNA was detected with streptavidin-Cy3 and quantitated using [llumina’s
BeadArray Reader Scanner (Illumina) according to manufacturer’s instructions.

Microarray data of a total of 66 tumors and nine contiguous normal mucosa samples
were processed and analyzed by Illumina BeadStudio version 3.0 software (Illumina). Data
normalization was performed using quantile normalization, and fold changes and statistical
significance were determined using the Avadis Prophetic version 3.3 (Strand Genomics).
Scanned data was normalized by a quantile-quantile normalization method and log-
transformed by base two. T-test was used to infer the significance of gene expression
difference between tumor and normal tissues. Java Treeview (http://jtreeview.sourceforge.net/)
was used to visualize the pattern of gene expression in tumors compared to normal tissues.

The up-regulating genes and down-regulating genes were shown in red and green
respectively. GAPDH (Glyceraldehyde 3-phosphate dehydrogenase) and ACTB (Homo
sapiens actin, beta) were used as controls. The expression profile of OIP5 in colorectal cancer
tissues was examined and its expression level in tumor was compared with that of normal
tissue (FIG. 5). OIP5 was significantly up-regulated about 3.7-fold in colon tumors. OIP5 was
up-regulated over two fold in 58 out of 66 tumors. When compared with the expression level
of OIP5 in Stage II and III colorectal cancer, no difference was noticed. Also, the expression
Jevels of OIP5 among tumors of reoccurred and non-reoccurred patients were not very

different.

3-2. Expression analysis of OIP5 in colorectal cancer tissues by RT-PCR
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The mRNA levels of OIP5 in 10 cancer tissues randomly chosen among 66 colorectal
cancer tissues were examined by reverse transcription-polymerase chain reaction (RT-PCR)
(FIG. 6). The OIP5 mRNA levels were higher in 80% (8/10) colorectal cancer tissues
compared to normal tissue. This result was consistent with that of microarray analysis. The
fact that OIP5 expressed at a high level in most stomach and liver cancer cell lines tested
suggests that OIP5 may be associated with a common mechanism of carcinogenesis of various
cancers and can be used in diagnostics and therapeutics of cancer and screening of anticancer

drugs.

Example 4: Increase of proliferation rate of cells by overexpression of OIP5 and MIG12

Oncogenic genes can increase the proliferation rate of cells. The proliferation rates of
NIH3T3 cells transfected with MIG12 and OIP5 genes for 72 hours were examined as an
indication of their oncogenic properties (FIG. 4).

NIH3T3 cells grown in 60 to 70% confluency in a 60 mm dish were transfected with 7
g of DNA and 15 1 of Lipofectamine™ 2000 reagent (Invitrogen, Carlsbad, CA, U.S.A)
for 24 hours at 37°C in 5% CO,. Cells were harvested and counted using a hemacytometer.
Approximately 5 x 10° cells were plated and cell numbers were counted every 12 hours for 3
days.

The transient expression of the MIG12 and OIPS genes resulted in a two-fold increase in
the proliferation rate (FIG. 7). The increase of the proliferation rate by transient expression of a

gene was coincident with foci formation and colony-forming assay.

Example 5: Design and Synthesis of siRNA

RNA interference, in which a sequence-specific gene-silencing process is mediated by
small interfering RNA (siRNA), is an efficient method of identifying targets for gene therapy
in a variety of diseases. Since OIP5 is highly expressed in cancer tissues, which is related to
carcinogenesis, a decrease of OIP5 level may induce growth inhibition of cancer cells. To
validate MIG12 and OIP5 as a target in cancer therapeutics, RNAi experiments using siRNA
in various cancer cells including colorectal cancer, liver cancer, stomach cancer, colorectal
cancer and lung cancer were organized.

Two different siRNAs for OIP5 were designed based on the program (ref) 5'-CAU
UGAAGGUUCACUCAAATT-3' siOIP5-2, 5-CCUAGUUGGCAUUGAAGGUTT-3' GFP
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control, 5'-CACACCACATCTTTCCGTCAC-3'. RNA oligonucleotides were custom-
synthesized by Samchully Pharm. Co., Ltd. (Seoul, Korea) with an overhang of two thymidine
residues (dTdT) at the 3' end. The RNA oligonucleotides were dissolved in Tris-EDTA (10
mM Tris-HCl, pH 8.0; and 1 mM EDTA) as 200 uM solutions and were stored at —20C.
Double-stranded siRNA molecules were generated by mixing the corresponding pair of sense
and antisense RNA oligonucleotides in annealing buffer (30 mM HEPES-KOH, pH 7.9; 100
mM potassium acetate; and 2 mM magnesium acetate) at 20C and then by incubating the
reaction mixture at 95°C for 2 min, followed by gradually cooling to room temperature. The
siRNAs were then aliquoted and stored at 220 C.

To find out most favorable siRNA target regions for MIG12 and OIP5, we calculated a
relative binding energy pattern of candidate siRNAs so that cellular RISC (RNA-induced
silencing complex) may bind and unwind siRNA double helix with ease. As shown in FIG. 8,
the target regions were determined by the relative binding energy pattern search algorithm and
siRNAs in the regions were designed and applied to our experiments.

The relative binding energy pattern search algorithm determined the MIG12
(NM_011242) siRNA regions as those comprising SEQ ID NOS: 14, 15, 16, 17, and 18
extending contiguous 19-30 sequences and their complementaries. Sequences of SEQ ID
NOS: 14, 15, 16, 17, and 18 are parts of MIG12 (NM_011242) sequences having both sense
and complementary antisense strands in the range of nucleotides 845-950, 970-1030, 1080-
1160, 1220-1290, and 1320-1400, respectively. In other words, the regions for MIG12
candidate siRNAs include sequences of SEQ ID NOS: 14, 15, 16, 17, and 18 and the
sequences comprising 19-30 contiguous nucleotide sequences and their complementaries.

The relative binding energy pattern search algorithm determined the OIP3 (NM_021242)
siRNA regions as those comprising SEQ ID NOS: 19, 20, 21, 22,23, 24, 25 and 26 extending
contiguous 19-30 sequences and their complementaries. Sequences of SEQ ID NOS: 19, 20,
21, 22, 23, 24, 25 and 26 are parts of OIP5 (NM_021242) sequences having both sense and
complementary antisense strands in the range of nucleotides 1-60, 120-180, 380-460, 518-580,
720-780, 850-890, 920-980 and 1040-1100, respectively. In other words, the regions for OIPS
candidate siRNAs include sequences of SEQ ID NOS: 19, 20, 21, 22, 23, 24, 25 and 26 and
the sequences comprising 19-30 contiguous nucleotide sequences and their complementaries.

Utilizing the relative binding energy profile described above, siMIG12 was designed to
have a sequence of SEQ ID NO: 3 or 4 and siOIPS was designed to have a sequence of SEQ
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ID NO: 5 or 6. Sequences of SEQ ID NO: 3 and 4 have 1331% 1o 1349™ nucleotides and 1123™
to 1141* nucleotides, respectively, of MIG12 mRNA with two overhang nucleotides of TT.
Sequences of SEQ ID NO: 5 and 6 have 426" to 444" nucleotides and 417 to 435®
nucleotides, respectively, of OIP5 mRNA with two overhang nucleotides of TT.

The cancer-related gene, named RABGTTA (Rab geranylgeranyl transferase alpha-
subunit gene), was targeted using siRNAs that have sequences of SEQ ID NOS: 7 and 8. As a
negative control, GFP (Green Fluorescent Protein) which is not involved in cellular functions
was targeted using the siRNA with a sequence of SEQ ID NO: 9.

All siRNASs for the targeted genes were introduced into cells by synthesizing both sense
and anti-sense strands followed by combining two in order to have double helix ribonucleotide
bond.

The siRNAs designed were synthesized by Samchully Pharm. Co., Ltd. (Seoul, Korea).

Example 6: Growth inhibition of cancer cells by RNAi of MIG12 or OIPS5 genes
To determine whether RNAi of MIG12 or OIP5 genes can affect growth inhibition of

cancer cells and validate them as potential targets in cancer therapeutics, various cancer cells

including colorectal cancer, liver cancer, stomach cancer, and lung cancer were treated with
SiOIP5-1 and siOIP5-2 and growth inhibition of cells was determined using SRB assay, flow
cytometry analysis and mRNA measurements. The knockdown of OIP5 was confirmed by RT-

PCR and growth inhibition of cells was observed under a microscope.

6-1. Growth inhibition of cancer cells by RNAi of MIG12 or OIPS genes

The cancer cell lines used are Sun638 (stomach cancer, Korean Cell Line Bank, Seoul

National University, Korea), HCC (liver cancer, Korean Cell Line Bank, Seoul National
University, Korea), Huh7 (liver cancer, by courtesy of Dr. Dae Ghon Kim, Chonnam National
University, Korea), Ck-1a (by courtesy of Dr. Dae Ghon Kim, Chonnam National University,
Korea), A549 (lung cancer, Korean Cell Line Bank, Seoul National University, Korea),
010205 (colorectal cancer, Korean Cell Line Bank, Seoul National University, Korea), sw620
(colorectal cancer, Korean Cell Line Bank, Seoul National University, Korea), DL-DI
(colorectal cancer, Korean Cell Line Bank, Seoul National University, Korea), and KM120
(colorectal cancer, Korean Cell Line Bank, Seoul National University, Korea).

Twenty-four hours before siRNA transfection, 1 x 10° cells were seeded in 6-well plates
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in RPMI-minimal essential medium (OptiMEM; Invitrogen, Grand Island, NY, USA)
containing 10% Fetal Bovine Serum (FBS) with no antibiotics. Cells were seeded per 6-well
plate to give 30% confluency at the time of the transfection. The siMIG12 (SEQ ID NOS: 3
and 4), siOIP5 (SEQ ID NOS: 5 and 6), siRABGGTA (SEQ ID NOS: 7 and 8), and siGFP
(SEQ ID NO: 9) were transfected at a final concentration of 50 nM using HiPerFect (Gibco
BRL, USA) according to the manufacturer's recommendations. The cells received siGFP
sequence were used as a control. After incubating the cells transfected with siRNA for 72
hours, SRB staining and microscopic observations were carried out (FIGS. 9 and 10). The
knockdown of OIP5 was confirmed by RT-PCR and growth inhibition of cells was observed
under a microscope.

When various cancer cells were treated with siMIG12 and siOIP5-1, significant
inhibition of cell growth occurred compared with siGFP as shown in FIGS. 9 and 10. siMIG12
showed strong effects on Hur7, SNU387, SNU638, ¢0l0205 and KM12C, while siOIP5
showed strong effects on SNU387, SNU638, A549 and KM12C, thus suggesting cancer cell
specific-RNAI effects of siMIG12 and siOIPS5. Introduction of both siMIG12 and siOIPS into
SNU638 (stomach cancer) caused growth inhibition (FIG. 10) and induced apoptosis as shown
in FIG. 11. However, CK-1a (liver cancer) was not affected by either siMIG12 or siOIPS5. The
knockdown of RABGTTA, a subunit of a Rab geranylgeranyl transferase, did not cause

growth inhibition of cancer cells.

6-2. Induction of apoptosis by siMIG12 or siOIP5
Since knockdown of MIG12 or OIP5 caused growth inhibition in various cancer cells,

whether or not knockdown of MIG12 or OIP5 derived induction of apoptosis of SNU638 cells

was examined by Flow cytometry analysis (FIG. 11). After 72 hours with transfection of
siMIG12 or siOIP5, the sub-G1 portion of DNA increased compared to the cells treated with
siGFP, indicating both siMIG12 and siOIP5 induced apoptosis of SNU638 cells.

Apoptosis is an essential physiological process for the selective elimination of cells,
which is involved in a variety of biological events. RT-PCR of the genes involved in apoptosis
was performed to examine their changes in mRNA levels during RNAi of MIG12 or OIPS
(FIG. 12). We detected increased mRNA levels of Bax and Bak, pro-apoptotic factors, which
trigger the release of caspases from death antagonists via heterodimerization and also by

inducing the release of mitochondrial apoptogenic factors into the cytoplasm via acting on the
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mitochondrial permeability transition pore, thereby leading to caspase activation. Also, the
expression level of Granzyme B increased when cells were treated with siOIP5. Granzyme B,
a serine protease of cytotoxic T-lymphocytes (CTL) and NK cells, is able to directly activate
caspases 3, 7, 8 and 10. Also, mRNAs of caspases 8, 9, 2, 5, 10, 4 were increased. They are
pro-apoptotic species proteins. These results suggest that knockdown of MIG12 or OIP5 via

siMIG12 or siOIPS can trigger apoptosis of cancer cells.

Example 7: Construction of plasmid containing shMIG12 and shOIPS
To observe the RNAI effect by shMIG12 or shOIP35, a plasmid containing ShRNA was
constructed (FIG. 13A). After transfection of cells with the plasmid containing sShRNA, growth

inhibition of cancer cells was examined. The shRNA sequences of top and down
complementary strands were designed. Each strand (67 mer/each) consisting of a restriction
enzyme site, a target sense siRNA sequence, a loop sequence and a nonsense siRNA sequence,
which is gatcc-siRNA sense-loop-siRNA reverse-TTTTTTACGCGTg, was designed and
synthesized. Sequences of SEQ ID NOS: 27 and 28 represent top shRNA strands of siMIG12
containing a sequence of SEQ ID NO: 4 and siOIP5 containing a sequence of SEQ ID NO: 5
respectively. The sequence of SEQ ID NO: 29 represents a top shRNA strand of siGFP
containing a sequence of SEQ ID NO: 9. The annealed oligonucleotides were cloned into

pENTR-U6-BHRNX (Neurogenex) and used for RNAIi experiments as shown in FIG. 13A.

Example 8: Inhibition of cancer cell growth by shMIG12 or shOIPS

The plasmid containing shMIG12 or shOIP5 was introduced into Huh7 (liver cancer cell
line) allowing cell growth for 72 hours and growth inhibition was examined by SRB staining.
The cells transfected with shMIG12 or shOIP5 showed growth inhibition, while the cells with
shGFP were not affected, thus indicating that shMIG12 or shOIP5 can be developed as cancer

therapeutics.

Example 9: Application of S. pombe cells overexpressing MIG12 or OIP5

When MIGI2 or OIP5 was overexpressed in S. pombe, cell growth was inhibited,
suggesting that MIG12 and OIP5 might be involved in cell signaling.
To establish a screening system for identifying targeting MIG12 or OIPS, the plasmids

containing MIG12 or OIP5 cloned into the pDES173 expression vector under nmt1 promoter
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were introduced into S. pombe. MIG12 or OIP5 under the nmtl promoter is subject to
transcriptional repression in the presence of thiamine (EMM+AL+Thia) and overexpressed in
the absence of thiamine (EMM+AL) in S. pombe. Therefore, S. pombe overexpressing MIG12
or OIP5 in the absence of thiamine can be exploited to identify compounds or molecules

relieving growth inhibition of cells using a chemical library.

9-1. Growth inhibition by overexpression of MIG12 or OIPS in S. pombe

Growth inhibition by overexpression of MIG12 or OIP5 in S. pombe was described in
Example 3-1.

9-2. Quantitative measurement of growth inhibition effects by MIG12 or OIPS in 96-
well plates

To measure the degree of growth inhibition, exponentially growing cells in the presence

of thiamine were washed 3 times, transferred to a fresh media with or without thiamine and
grown for 24 hours, and optical densities of cells were measured (FIG. 14). To establish an
HTS screening system, cells serially diluted to 1:4 in a 96-well plate were grown for 24 hours
(FIG. 15A) and spotted in the plate (FIG. 15B). The cells overexpressing MIG12 or OIPS in
the media lacking thiamine (EMM+AL) clearly showed growth inhibition of cells. This result
suggests that simple procedure of growing cells in a 96-well plate and adding compounds of a
chemical library can be applicable for identification of the compounds relieving growth

inhibition by overexpression of MIG12 or OIPS.
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INDUSTRIAL APPLICABILITY

MIG12 and OIP5 genes of the present invention are expressed at relatively high levels in
cancer cell lines and increase a proliferation rate of normal cells. Therefore, inhibition of
expression of these genes via RNAi using siRNA or shRNA leads to suppression of cancer cell
growth. For these reasons, MIG12 and OIPS genes can be used as a target gene for diagnosis
or cancer therapy of various cancers. As a result, it is expected that the present invention will
significantly contribute to the development of biopharmaceuticals and synthetic/natural
medicines which are aimed at development of anticancer drugs having low adverse side effects,
such as cancer target gene-specific therapeutic agents. Further, the present invention will
contribute to the development of a source technology which forms the basis of study of new

cancer-related mechanisms.
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WHAT IS CLAIMED IS:

1. A composition for diagnosing cancer, comprising an MIG12 gene.

2. A composition for diagnosing cancer, comprising a protein expressed from an MIG12 gene.

3. A composition for diagnosing cancer, comprising an antibody against a protein expressed

from an MIG12 gene.

4. A use of an MIG12 gene for diagnosing cancer.

5. A use of a protein expressed from an MIG12 gene for diagnosing cancer.

6. A use of an antibody against a protein expressed from an MIG12 gene for diagnosing cancer.

7. A method for diagnosing cancer, comprising confirming the reaction between a sample

obtained from a subject and an MIG12 gene.

8. A method for diagnosing cancer, comprising confirming the reaction between a sample

obtained from a subject and a protein expressed from an MIG12 gene.

9. A method for diagnosing cancer, comprising confirming the reaction between a sample

obtained from a subject and an antibody against a protein expressed from an MIG12 gene.

10. A composition for screening anticancer drugs, comprising an MIG12 gene.

11. A composition for screening anticancer drugs, comprising a protein expressed from an

MIG12 gene.

12. A method for screening anticancer drugs, comprising contacting a test material with a
composition of claim 10 as a target material, and examining the resulting reaction to determine

whether the test material activates or suppresses the expression of the MIG12 gene.
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13. A method for screening anticancer drugs, comprising inducing phenotypic changes of a
model cell or animal cell using a composition of claim 10 as a target material and determining

whether the test material activates or suppresses the expression of an MIG12 gene

14. A method for screening anticancer drugs, comprising contacting a test material with a
composition of claim 11 as a target material, and examining the resulting reaction to determine
whether the test material activates or suppresses the function of the protein.

15. A use of an MIG12 gene for screening anticancer drugs.

16. A use of a protein expressed from an MIG12 gene for screening anticancer drugs.

17. An siRNA of an MIG12 gene.

18. The siRNA of claim 17, wherein the siRNA comprises a nucleotide sequence
corresponding to an mRNA sequence derived from a nucleotide sequence of 19 to 30

contiguous nucleotides, among one or more sequences selected from SEQ ID NOS: 14, 15, 16,

17 and 18.

19. The siRNA of claim 18, wherein the siRNA has a nucleotide sequence of SEQ ID NO: 3 or
4.

20. The siRNA of any one of claims 17 to 19, wherein the siRNA is chemically modified.

21. An shRNA of an MIG12 gene.

22. The shRNA of claim 21, wherein the shRNA comprises a nucleotide sequence
corresponding to an mRNA sequence derived from a nucleotide sequence of 19 to 30

contiguous nucleotides, among one or more sequences selected from SEQ ID NOS: 14, 15, 16,

17 and 18.
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23. The shRNA of claim 22, wherein the ShRNA has an RNA nucleotide sequence of SEQ ID
NO: 4 and an antisense RNA sequence which is linked via a 3-10 bp loop to and is reverse

complementary to the sequence of SEQ ID NO: 4.

24. The shRNA of claim 23, wherein a top strand for constructing an expression vector to

express the shRNA has a nucleotide sequence of SEQ ID NO: 27.

25. A composition for preventing or treating cancer, comprising an inhibitor of an MIG12 gene.

26. The composition of claim 25, wherein the inhibitor is an siRNA or shRNA of the MIG12

gene.

27. The composition of claim 26, wherein the siRNA comprises a nucleotide sequence
corresponding to an mRNA sequence derived from a nucleotide sequence of 19 to 30
contiguous nucleotides, among one or more sequences selected from SEQ ID NOS: 14, 15, 16,

17 and 18.

28. The composition of claim 27, wherein the siRNA has a nucleotide sequence of SEQ ID
NO: 3 or 4.

29. The composition of any one of claims 26 to 28, wherein the siRNA is chemically modified.

30. The composition of claim 26, wherein the shRNA comprises a nucleotide sequence
corresponding to an mRNA sequence derived from a nucleotide sequence of 19 to 30
contiguous nucleotides, among one or more sequences selected from SEQ ID NOS: 14, 15, 16,

17 and 18.
31. The composition of claim 30, wherein the shRNA has an RNA nucleotide sequence of
SEQ ID NO: 4 and an antisense RNA sequence which is linked via a 3-10 bp loop to and is

reverse complementary to the sequence of SEQ ID NO: 4.

32. The composition of claim 31, wherein a top strand for constructing an expression vector to
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express the sShRNA has a nucleotide sequence of SEQ ID NO: 27.

33. The composition of claim 25, wherein the inhibitor of an MIG12 gene is one or more

selected from a small molecule, a natural product, and a useful protein for the human body.

34. A composition for preventing or treating cancer, comprising an inhibitor of the protein

expressed from an MIG12 gene.

35. The composition of claim 34, wherein the inhibitor is an antibody against the protein

expressed from an MIG12 gene.

36. A use of an inhibitor of an MIG12 gene for preventing or treating cancer.

37. The use of claim 36, wherein the inhibitor is an siRNA or shRNA of the MIG12 gene.

38. The use of claim 37, wherein the siRNA comprises a nucleotide sequence corresponding to
an mRNA sequence derived from a nucleotide sequence of 19 to 30 contiguous nucleotides,
among one or more sequences selected from SEQ ID NOS: 14, 15, 16, 17 and 18.

39. The use of claim 38, wherein the siRNA has a nucleotide sequence of SEQ ID NO: 3 or 4.
40. The use of any one of claims 37 to 39, wherein the siRNA is chemically modified.

41. The use of claim 40, wherein the sStRNA comprises a nucleotide sequence corresponding
to an mRNA sequence derived from a nucleotide sequence of 19 to 30 contiguous nucleotides,

among one or more sequences selected from SEQ ID NOS: 14, 15, 16, 17 and 18.

42. The use of claim 41, wherein the shRNA has an RNA nucleotide sequence of SEQ ID NO:
4 and an antisense RNA sequence which is linked via a 3-10 bp loop to and is reverse

complementary to the sequence of SEQ ID NO: 4.

43. The use of claim 42, wherein a top strand for constructing an expression vector to express
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the shRNA has a nucleotide sequence of SEQ ID NO: 27.

44, The use of claim 36, wherein the inhibitor of an MIG12 gene is one or more selected from

a small molecule, a natural product, and a useful protein for the human body.

45. A use of an inhibitor of the protein expressed from an MIG12 gene for preventing or

treating cancer.

46, The use of claim 45, wherein the inhibitor is an antibody against the protein expressed

from an MIG12 gene.

47. A method for preventing or treating cancer, comprising administering a therapeutically

effective amount of an inhibitor of an MIG12 gene to a subject in need thereof.
48. The method of claim 47, wherein the inhibitor is an siRNA or shRNA of the MIG12 gene.

49. The method of claim 48, wherein the siRNA comprises a nucleotide sequence
corresponding to an mRNA sequence derived from a nucleotide sequence of 19 to 30
contiguous nucleotides, among one or more sequences selected from SEQ ID NOS: 14, 15, 16,

17 and 18.

50. The method of claim 49, wherein the siRNA has a nucleotide sequence of SEQ ID NO: 3

or 4.

51. The method of any one of claims 48 to 50, wherein the siRNA is chemically modified.

52.. The method of claim 48, wherein the shRNA comprises a nucleotide sequence
corresponding to an mRNA sequence derived from a nucleotide sequence of 19 to 30

contiguous nucleotides, among one or more sequences selected from SEQ ID NOS: 14, 15, 16,

17 and 18.

53. The method of claim 52, wherein the shRNA has an RNA nucleotide sequence of SEQ ID
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NO: 4 and an antisense RNA sequence which is linked via a 3-10 bp loop to and is reverse

complementary to the sequence of SEQ ID NO: 4.

54. The method of claim 53, wherein a top strand for constructing an expression vector to

express the shRNA has a nucleotide sequence of SEQ ID NO: 27.

55. A method for preventing or treating cancer, comprising administering a therapeutically
effective amount of an inhibitor of the protein expressed from an MIG12 gene to a subject in

need thereof.

56. The method of claim 55, wherein the inhibitor is an antibody against the protein expressed

from an MIG12 gene.

57. A composition for screening anticancer drugs, comprising an OIP5 gene.

58. A composition for screening anticancer drugs, comprising a protein expressed from an

OIPS gene.

59. A method for screening anticancer drugs, comprising contacting a test material with a
composition of claim 57 as a target material, and examining the resulting reaction to determine

whether the test material activates or suppresses the expression of the OIPS gene.

60. A method for screening anticancer drugs, comprising inducing phenotypic changes of a
model cell or animal cell using a composition of claim 57 as a target material and determining

whether the test material activates or suppresses the expression of an MIG12 gene.
61. A method for screening anticancer drugs, comprising contacting a test material with a
composition of claim 58 as a target material, and examining the resulting reaction to determine

whether the test material activates or suppresses the function of the protein.

62. A use of an OIP5 gene for screening anticancer drugs.
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63. A use of a protein expressed from an OIP5 gene for screening anticancer drugs.

64. An siRNA of an OIP5 gene.

65. The siRNA of claim 64, the siRNA comprises a nucleotide sequence corresponding to an
mRNA sequence derived from a nucleotide sequence of 19 to 30 contiguous nucleotides,

among one or more sequences selected from SEQ ID NOS: 19, 20, 21, 22, 23, 24, 25, and 26.

66. The siRNA of claim 65, wherein the siRNA has a nucleotide sequence of SEQ ID NO: 5 or
6.

67. The siRNA of any one of claims 64 to 66, wherein the siRNA is chemically modified.

68. An shRNA of an OIPS5 gene.

69. The siRNA of claim 68, the SIRNA comprises a nucleotide sequence corresponding to an
mRNA sequence derived from a nucleotide sequence of 19 to 30 contiguous nucleotides,
among one or more sequences selected from SEQ ID NOS: 19, 20, 21, 22, 23, 24, 25, and 26.
70. The shRNA of claim 69, wherein the ShARNA has an RNA nucleotide sequence of SEQ ID
NO: 5 and an antisense RNA sequence which is linked via a 3-10 bp loop to and is reverse

complementary to the sequence of SEQ ID NO: 5.

71. The shRNA of claim 70, wherein a top strand for constructing an expression vector to

express the shRNA has a nucleotide sequence of SEQ ID NO: 28.

72. A composition for preventing or treating cancer, comprising an inhibitor of an OIP5 gene.

73. The composition of claim 72, wherein the inhibitor is an siRNA or shRNA of an OIP5

gene.

74. The composition of claim 73, the siRNA comprises a nucleotide sequence corresponding
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to an mRNA sequence derived from a nucleotide sequence of 19 to 30 contiguous nucleotides,

among one or more sequences selected from SEQ ID NOS: 19, 20, 21, 22, 23, 24, 25, and 26.

75. The composition of claim 74, wherein the siRNA has a nucleotide sequence of SEQ

ID NO: § or 6.

76. The composition of claim 73, wherein the siRNA is chemically modified.

77. The composition of claim 73, the sShRNA comprises a nucleotide sequence corresponding
to an mRNA sequence derived from a nucleotide sequence of 19 to 30 contiguous nucleotides,
among one or more sequences selected from SEQ ID NOS: 19, 20, 21, 22, 23, 24, 25, and 26.
78. The composition of claim 77, wherein the shRNA has an RNA nucleotide sequence of
SEQ ID NO: 5 and an antisense RNA sequence which is linked via a 3-10 bp loop to and is

reverse complementary to the sequence of SEQ ID NO: 5.

79. The composition of claim 78, wherein a top strand for constructing an expression vector to

express the shRNA has a nucleotide sequence of SEQ ID NO: 28.

80. The composition of claim 72, wherein the inhibitor of an OIP5 gene is one or more

selected from a small molecule, a natural product, and a useful protein for the human body.

81. A composition for preventing or treating cancer, comprising an inhibitor of a protein

expressed from an OIPS gene.

82. The composition of claim 81, wherein the inhibitor is an antibody against the protein

expressed from the OIPS gene.

83. The composition of any one of claims 72 to 82, wherein the cancer is one or more selected

from stomach cancer, liver cancer, lung cancer, prostate cancer, and colorectal cancer.

84. A use of an inhibitor of an OIP5 gene for preventing or treating cancer.
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85. The use of claim 84, wherein the inhibitor is an siRNA or shRNA of the OIPS gene.

86. The use of claim 85, wherein the siRNA comprises a nucleotide sequence corresponding to
an mRNA sequence derived from a nucleotide sequence of 19 to 30 contiguous nucleotides,
among one or more sequences selected from SEQ ID NOS: 19, 20, 21, 22, 23, 24, 25, and 26.
87. The use of claim 86, wherein the siRNA has a nucleotide sequence of SEQ ID NO: 5 or 6.
88. The use of claim 85, wherein the siRNA is chemically modified.

89. The use of claim 85, wherein the SIRNA comprises a nucleotide sequence corresponding
to an mRNA sequence derived from a nucleotide sequence of 19 to 30 contiguous nucleotides,

among one or more sequences selected from SEQ ID NOS: 19, 20, 21, 22, 23, 24, 25, and 26.

90. The use of claim 89, wherein the SARNA has an RNA nucleotide sequence of SEQ ID NO:
5 and an antisense RNA sequence which is linked via a 3-10 bp loop to and is reverse

complementary to the sequence of SEQ ID NO: 5.

91. The use of claim 90, wherein a top strand for constructing an expression vector to express

the shRNA has a nucleotide sequence of SEQ ID NO: 28.

92. The use of claim 84, wherein the inhibitor of an OIP5 gene is one or more selected from a

small molecule, a natural product, and a useful protein for the human body.

93. A use of an inhibitor of a protein expressed from an OIP5 gene for preventing or treating

cancer.

94. The use of claim 93, wherein the inhibitor is an antibody against the protein expressed

from an OIP5 gene for preventing or treating cancer.

95. The use of any one of claims 84 to 94, wherein the cancer is one or more selected from
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stomach cancer, liver cancer, lung cancer, prostate cancer, and colorectal cancer.

96. A method for preventing or treating cancer, comprising administering a therapeutically

effective amount of an inhibitor of an OIP5 gene to a subject in need thereof.

97. The method of claim 96, wherein the inhibitor of an OIP5 gene is an siRNA of the OIP5
gene or an shRNA of the OIP5 gene.

98. The method of claim 97, wherein the siRNA comprises a nucleotide sequence
corresponding to an mRNA sequence derived from a nucleotide sequence of 19 to 30
contiguous nucleotides, among one or more sequences selected from SEQ ID NOS: 19, 20, 21,

22,23, 24, 25, and 26.

99. The method of claim 98, wherein the siRNA has a nucleotide sequence of SEQ ID NO: 5

or 6.

100. The method of claim 97, wherein the siRNA is chemically modified.

101, The method of claim 97, wherein the shRNA comprises a nucleotide sequence
corresponding to an mRNA sequence derived from a nucleotide sequence of 19 to 30
contiguous nucleotides, among one or more sequences selected from SEQ ID NOS: 19, 20, 21,

22,23, 24,25, and 26.

102. The method of claim 101, wherein the sShRNA has an RNA nucleotide sequence of SEQ
ID NO: 5 and an antisense RNA sequence which is linked via a 3-10 bp loop to and is reverse

complementary to the sequence of SEQ ID NO: 5.

103. The method of claim 102, wherein a top strand for constructing an expression vector to

express the shRNA has a nucleotide sequence of SEQ ID NO: 28.

104. The method of claim 96, wherein the inhibitor of OIP5 gene is one or more selected from

a small molecule, a natural product, and a useful protein for the human body.
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105. A method for preventing or treating cancer, comprising administering to a subject in need
thereof a therapeutically effective amount of an inhibitor of the protein expressed from an

OIPS5 gene.

106. The method of claim 105, wherein the inhibitor is an antibody against the protein

expressed from the OIP5 gene.

107. The method of any one of claims 96 to 106, wherein the cancer is one or more selected

from stomach cancer, liver cancer, lung cancer, prostate cancer, and colorectal cancer.

108. A kit for diagnosing cancer, comprising one or more selected from an MIG12 gene, an
OIP5 gene, a protein expressed from MIG12 gene, and a protein expressed from the OIP5

gene.
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